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^ClW nhtfy, 

Definition, 


E l historical Introduction • 
tmsmy is that Science which inTsStigates “ the 

ai agencies of the elementary principles of matter.” veram mi-pervuumg jiriuuiptc, u *b um ui 
tempts the resolution of all confound bodies into mine : but at present it seems generally 
i simple dbnstituent part*; and it examines the all these subjects gain perspicuity by ben 
bn of these elements upon each other* as well in 
t simple state, as in their most varied forms of com- 


^ SWV MS \U) t f 

ties. Thus Oxygen, Hydrogen, 
sidered Chemical elements. 

It is not always desirable tt| separate a Chemical 
compound into all the elements of which it consists, 
but into certain groups of these elements, euch of which 
groups, possessing definite characteristics, and forming 
by itself a true Chemical compound, is called a proximate 
element* Thus, for example, sulphuric acid consists of 
suJJ^^mLdkygeii, frttC/W^e two substances it may be 
w®ariited,but no further, theivforcf^hur aud oxygen 
ff called its elements, or sometimes, fbr dftjnctioti sake, 
if? ultimate element*. But if wc take nitrat^U^ 1 * li 
n J a j V® se P ftrate d into nitric acid .md oxide ot 
ahd these two are only called its proihnate elements: 
because, by a further analysis, we may separate the 
nitric acid into oxygen and azote : and the oxide of lead 
into lead and oxjgen. /Here then azote, oxygen, and 
lead, ure called the ultimate elements of the compound, 
2“ "y^edefinitftto uW* given we exclude from true 
.omistry P«« c »P*f^ «>f Hc 4 T J.ioht, ELnOTalClTY. 

|1 General ^ Maakbthk, as object* ot investigation, though, as 
ijrsies. agents, Sony of them are perhaps always present. As 
agents nls* their assistance is continually required in 
* cver y d'lyrtment of Chemical investigation. In the 

exceU^/iW— * - * — 

thf*0 I 
V . alt 
M o 


To what extent the researches of future t 
prove all these agents to be modifications of 
versal all-pervading principle, it is not for its 

— — * ** — ^ 

, „„ „ -« ingtt 

rate branches of Science. 

Various etymologies have been proposed fat 
Chemistry and its equivalents, in the Ian; 
modern Europe, Besides the of Voss 
we have noticed in another part of our Woi 
be immediately deduced either from wp* 
Greeks, or Alchemy of the Arabians. If 
prove that the Greeks had used the wo 
previously to the VHIih century, at which 
Arabians derived their knowledge of the Sc 
the Greek writers, it would be evident that 
adapted the name also from their teach 
whether the^ Arabians (the more model 
of the two) obtained their word through t 
or not, it is evident that the words of bo 
have one common origfti. ^ Hence the n* 

ble etymolo"v ?- " ' ' 

Ch£^* r >j fh«t uhicn noth v 

' .a, or KGmi, the indigenous name * 

chcmia, or the Egyptian Art, apitt was ca 
wrecks. may have been transcribed Ki'mfi 
by the Arabs, and the article which they ftei 
has been retained in the Latin veroion< 
writings made in the dark Ages, as an inlet 
the word Alchemy. 

Having thus described the object of the pr 
tise, we muy proceed with a verv brief state 
origin and progress of our Science. The ti 
bv in which it was gaecessary to stimulate ti 
>f the reader, or to awaken 


,v»w^uiuvii. aii me 

of Chemnfnf by Professor Thomson 
termed thc^ Imponderable Bodies, 
. i h i fi the belief of many that the phvsical 
mv ** EAT> Light, Electricm i r, and Magnetism, 
fit in each case, due to the actual presence of a fluid 
i yei as tbereaI existence of such fluids has never 
> ? e ' 3n fu % demonstrated, and as their ponderability, if 
. U exist at all. miihf ha j-. . 


L it exist at alL must be placed at a prodigious distance 
trorn that of the most attenuated of our k ngjteto Chemical 
elements; we have prefci red in this WtSl|&b treat of 
the general operations -nd effects of those " principles 
g>e they of what na t ire they may) winch produce 
Heat, Light, Elect; icity, and Magnetism, under 
separate divisions ; as branches issuing from the great 
stem of Physical Science. Hence, n the Paper now 
fietore us, we have only to refer to pr ceding Treatises 
lor the general doctrines of these Imjj< 'titrable Agents: 
but as tar as they are instrumental i i ch. nging those 
loroe§ which regulate the elementary con>|itutioii of 

nm% ^ ts *S mc y be m-ae tbqWlM of 

in/,.*:*., ' “ 


- ^ 

aud Inquiry. 


ot the reader, or to awaken his interest i 
him that almost all the phenomena df na 
some shape or other to be traced Op tit fche 
eiples ; we need not remind the inaniifetu 
purchaser of manufactured goods, that ia 
greater proportion of those operations, by 
species of the produce of nature Is convert©! 
other form, better willed to the wants or 
mankind, Chemica /affinities are e'r - ’ ,yed. 
value of this studj-; and the r# sonable 
advantage to be r/erived from it, is that si 
*frpm a skilful ca^ulation of effects arrsitift 
sured oauses: ail the old processes bcii 
might be expected torn the rudest ten* tr 
unguided by Sjientific'principles or ind 'tv 
To Chemistry, the Scier ^ of Medicine ma- 
under the deepest objigb^ions. The m 
ren edies have for many years been d< 
u icral substances, , which have under 
purifications and ameltciratf ig combine! 
alone can devise ju*d execute. 


Chemistry 
particular, 
to work a 


rticuler, the same powerful Science is pr> 
work a further change : *, f i meious expci 


0 


w« y*ws been made tyjwm Ibe most 
Kiwr iW/4M^t*bfa. tribe in' flie Materia Medic#, ' 
m that it is possible, in -very 
Res, to; separate the active medical principle 
e ligneous and inert matter by Jkbioh it is 
me<F,an4to present it in a pure crystalline 
' this process two objects of considerable im- 
^attained ; the one, that the woody matter 
.s lh the case of bark) frequently disordered the 
, rs got rid of : and the other that the uncer- 
io the strength of dose, which in vegetable 
es varied greatly, is altogether obviated. There 
other minor advantages of portability, Ac. ; 
re by ho meaus unworthy of attention in a 
of such extensive public importance, 
stry, according to the definition we have given 
but a Science of very recent introduction : it 
iely be said to have existed two hundred years. 
& been usual to connect its History with that 
•r Science, possessed of considerable similarity 
of its processes ; though differing widely in 
ts at which its professors aimed. Every labour 
Ichemist and all his ingenuity was directed 
one or other of the following objects : the 
vtion of the baser metals into gold; or the 
m of an universal medicine, which should 
e progress of all disorders incident to the 
ame ; and thus prolong the life of the succass- 
to an indefinite period of duration. Of the 
’ the Alchemists there are abundant records 
Numerous manuscripts yet exist in exten- 
iries, especially in those of Paris and Leyden, 
in P— v T as well as in the 

Arm,.-, - - - “• *^«* . . pres8 

.•of modern Europe. Besides this, uu 




dustriouely and Seacfibedfaii 
failures, and consequent 


A 


inductive reasoning, or had they even studied ib iry 
the substances upon which they operated, as « efu- 
linisly as they did to vary the mode of their opr ion 

and the forms of their apparatus, we aright eve oW 

look back to their writings for experiments ta- 
inted, indeed, and devoid of order; but still n rie 
as recorded facts. Instead of tjris, however, thv->~ ty 
best of them went on torturing the same ve? of 

quicksilver, with precisely the same operatior ty 

times repeated; and subjected the same porth >f 
spirit of wine to three hundred consecutive distills < 
Can we wonder then that the latest Alchemist, as 1 
gidly persevered to walK in the steps of hts predeces J, 
should in reality be as far from having any true *. '• 

mical knowledge of the constitution of nature as Geberv 
or even Hermes himself.* It would appear, further, Mat 
much as the Alchemist* professed to reveal of their 
Arcana, each one was unwilling to put the rest of the 
world in full possession of any thing of value at which 
he might have arrived. This might in part arise 
from a desire which- many of them obviously pos- 
sessed of iwlvicing a general belief in the supe- 
riority of their o^n individual attainments. Thus 
Roger Bacon, a man second to no one of his day 
in all that then constituted learning, and of consnm 
mate ability, yet when he describes (as we fully think 
he does describe) the preparation of ^gr.Vipwder* r-raes 
at once the salis V tir ^^a sulphur is, , but couceals w.j 
remaining’ injr edienti thc carbontm pulvere, under t >e 
anagram of mone cap urbre. 

, _ . We mav smile at the pertinacity with which the Al- 

rth its thousands of volumes of this descrii* / ureue d his lengthy processes of cohobatiOn 

g the XVIth and XVIIth centuries : and, by ^ di s P tion , through wearisome days and sleepless 

idea of the prolific jndustry <f i hts f wastillg his money and wearing out h'9 vessels 

with perpetual fires : and, perhaps, «t is lawful to ex- 
nress P 9 ome little surprise that the repeated failure of I ns 
? • the evidence of his om <*: penmental iacts, 


ferincr home - — ■ ,, ■ , 

ore, we may mention that Petrus Borellus has 


atalogue of more than four thousand such 

ns up to the year 1654. It is to be remarked, 
hat in this catalogue he has admitted the 
many Alchemists whose works have never 
shed, and perhaps never committed to paper : 
e other hand, the list might be greatly m- 
narnes which lie has omitted, or which had 
red at the time of his publication • The 
if the Alchemists, though not altogether 
of perusal, are of very various degrees of 

* i ^ it. » 1 imnnatrir tvhfl 


obvious’ truth; that the 
thing he sought was impossible or impracticable. But 
in hfs defence be it said that he had abundance of 
testation that others had actually succeeded m the 
orocess of transmutation ; and the studied obscun y m 
wliicli all the instructing* of the most celebrated adepts 
were enveloped, might always leave himf in, doubt whe- 
ther his failures were not chargeable foh.. 'wn mlkep- 
prehension. Besses, there were, in' *favou- of the 
possibility of transmutation, some simple and well 

:n no kiu.->v#.».« --- ... r known experiments which had wonderfully the se ™" 

•empted to make a gai i ot the credulity of n<a 0 f suc h an operation. Such, for instance, is fo* 
:n, W t* really been a. le to effect tihemw “ |tetlon produced by dipping a polished iron rod 
iir other, .vidences woult have been brought P 1 gohitioti of a salt of copper. ... . 

in a inert Vp peal to the iberahty of others Manv adepts professed to have obtumed the secret 
he fire of-his furnaces. In others we . metallic transmutation, and, by the 

itient, mindless plodding of those who en- j^L erdemain , 80ra e well attest, d instances of their sue- 
' ” — - — **— of * , ® h studied & operations are on recon . Few, however, wot* 

ilta the unhappy “jg^SielMM. bold enough fo profess to hare found 

- 5 . »* 


some we may trace the bold impostor, who 
*rd declaring that he possessed powers and 
ch he mustjiuve known that he hod not 


v follow instruqUonH 
thi .at each successive fail 


thsp at eacn buccmm® - * w 

ii^y foought diat he liad misund^tood the 


of his master ; 
sincerity of 


and never 
guide he was 


rjs crowd of .writers there are; indeed a 


suspected the , tfmt these few gave rather an nnfevoui- 

« afSSSV** wq Hi* 

milting, like 


st 1 1\ 
• tht 


i best estimftti ^at we c»n 

i to ebtrat oae th^uwud j and*tb^ir 1 reatwe* 


tunu roguery r . 

neighbours, to the common lot Of 

■ ■ ■ ■ : — mnrtaiitv. /Yet even these were not quite without ft 

tormT tC AicbwaMic^ ia/liek folly ; for. in fi ,e fi™* P' we * the operft- 

•tUirT^foesteabw* gS i%h^«ry hftd. recently, so pren- 






Origin of 
.Alchetny 


y a ughi w^ hop* ro see rtHl grater dtaets 
pBOdpatt % %ther i»v«»Mwe*ioiia. And, as to file 
question,* the durot ten of life, there are some, even 
wbifewe noo "write, who seera to think that * the disease 
of death? ii one which* bf a proper eombioattoa of cir- 
Ottnwtenoes, might he el together avoided. 

Ai.chbwv is generally considered the parent of Chb- 
xustrv. We have shpwn. however, that the objects of 
the too Sciences diffi^e 4 considerably from cacti other r 
and we are mcKued to believe that Chrjwmtrv would 
hove sprung ritHo existence much about the tune that it 
did so, even had Abcnem never been practised. That 
spirit -of investigation, which spread its active energies 
throughout Europe early in the XVHth cenUir>, roust, 
we think, speedily have demanded and created tor itself 
the exercise of those investigations which we now call 
Chemical However, be this us it may, the Chemists 
found the instruments of the Alchemists reedy fitted to 
their hands ; they found also s#me useful facts recorded, 
though these were, in number, b) no means equivalent 
to the labours, and the time, that had been expended in 
amassing them. At the dawn of Chemical Science, tfle 
wisest among the Alchemists* Quitting their ancient 
chimencal pursuits, embarked m the legitimate pro* 
cesses of experimental Chemistry. Hence the one 
Science seems to have arisen out of the ashes of the 
other, and the Histories of Alchemy and Chemistry 
flow on m one continuous stream. There have, it is 
true, been at ail tunes, and there did, very recently, it 
there do not now exist, in this Country, genuine disci- 
ples of the old ^chemical school, retaining processes 
und reasonings altogether distinct from those of modern 
Chemistry, but with these we have not time now to 
amuse ourselves. 

History of Alchemy. 

• 

From these general remarks, we proceed to a \ery 
shoit outline of ttyj History of these two Sciences We 
could, indeed, with Measure, enter upon the neglected 
reveries of the Alchemists as a mattej^f amusement, 
and many a choice and quaint passage could we adduce 
from tluir writings , but this would, we fear, be offering 
amusement without m&trtfcLion , and, therefore* we shall 
•"puisue it only to a limited extept. With regard to the 
C helmets, it would be equally interesting and far more 
instructive pe"e we to bring each m chronological re* 
view befit ic lift Taking their published Works, we 
raighg as it were, cause them to live o\er again, and 
observe the industry of one, the acute reasoning and 
well-directed research of unotht r , or, with the aid of 
modern pan tits, we should frequently perceive how 
•flight has bv*m the inter \al between some ancient ex- 
periment apd gome important fact which remained tq 
reward the more recent Chemist with a brilliant dra* 
covery. But even this ^project we roust, in a great 
measure, abandon for tfa purpose of devoting all the 
space which can be elloaed to us, to a condensed state* 
m4nt of those observed Acts, and a description of those 
modes of experiment, an acquaintance Wh which con* 
•(Hates Chemyal Science, K 

ff we look to the Alchemists for the fehilj' History of 
theUr own Science, we shall find that ins carried up to 
the roost remote antiquity. Though^ dm ancient Al- 
chemical writers bate said nothing §m£mtu^ as to 





opam- 


dependant uponC 

they werojjh© eaauk 

, 

has been considered the Mmfat- 
There is also a story in Y*j 
Tertullian, that the know! 
was araong*the gifts bestoweS by^TO 
led from heaven by the beauty m Jftt 4d 
earth. Others, more moderate* deam^foah 
Chemist, because he is Said to have disced 
of making wine. Ham* the son of Npah, en 
ftcendants, to whom the Arts and Sciences s 
been a heritage, are thus celebrated by i 
^presnoy, for instance, says. Si Mttmm fits 
mcjrcjrjo pus lui+m&me la Chimie, I'm emit i 
qn'il Ltt Jit erercer par son fils atnh Thant KJm 

?}omme aum Herons ou Mercury que ^ 

Thebes Chain porta donc.vrtnstmblahkmmi, cdQ Tef \ \y* 
en Egypte. qu du moms son fils Mezram , H tyspwf- 
que nous la voyons se rhpandr* dans l uni&m. f£ lPWan 9 
Et sin ce qua Not a tu des enfant & f%e eX p^. 
je ne dtrat pas oomme a jail Vvumt de Bmva ^ever 
srnnte Patriarchs a pratique lui»mSme la ^ards the 
plus par fails, et qu’U a m la Medecm* umverseU^^ 
la partis la plus sublime de la Philosophic Her) ^ lfi can , 
tl mffit de la dontier A Cham , ou hues dbscmda^ re com _ 
cuttwireni en Egypt*, avec beauooup dWws^togtotoii 
mconnues au teste de I'htmatute. Et n »ee ms 

crone que Tovvrage , rapporti dam les MSB gjjould 
cette science sous le nom d'Isis , fit de cette Prc& nr there • 
seroit amtrl de CanliqtuL de UlPkit To tl du^ h 0Ufftlt 
fyuvtque die iiimt (Spouse d* Osiris, qui &»h# how- 
Mezrawt; mnsi la pratique de la Science £T<Vntatized 
parott remonter d plus de stales avant l* Em t here we 

Man je ne ports pas « loin ma pretention * ft absolute 
done de la rapporler A Hermes or* Mercure s antiphlo- 
Trismefliste.” {Hist de la Phil Hermet. p, Object we 
M. Dupin also asserts, that “ several Jews link observe* 
books which they have fathered upon the Prefixed to 
such, for instance, as the book entitled The Gf 4 
aud Creations of Adam. It was a commo^ 8 tig«ft{oxb, 
among them, that Adam composed a treatisa^eele, and 
ing the Philosopher’s stone and there is aJempdrary, 
Magic which is thus attributed to Cham, of w^tft of ihe 
sius makes mention.” { Eodes . Hist fob ed, a retro* 

We advance then to the second Hermes , s how 

Tnmiegisfyis a personage who has always j^fjy ar09e 
garded with peculiar veneration by Alchemists/ the more 
subsequent Age, Sjfhoas, king of ^Thebes $1 
phis, who lived about two thousand yeiu^f^ % (the 
commenced, according to Du Fresno^ U c, 19 $b rtm, 
tlie Chi istmn asra, was celebrated for great at«jf ^ ^nl 
m the Arts and Sciences , known to the Greeted from 
jiame of Hermes (Mercqnua) Tinsmegistus, arejudice, of 
rally considered the founder of Alchemical Selected, they « 
thence has been frequently termed the Ver» 0 f Mayow 
Tertulhan stylos* him Phyncorum Master The 
Treatises, attributed to Jnm, have been plbl% its cxpla- 
more yet remain in manupeript; but" it is tl^diflcsTOon* 
brilef that not one of these, is the genuin^ial m both 
Sijjhoas, ( lown in the 

*%ra Egypt, then, it is reglK probable iha^ 0 f weight 
metfc Pmlosophy might pityslto the farai^croatmek 
Moses has been churned as ran adept, becakturyi |m|H 

recorded to have hash s&ribftiLfct nil th* }mmri£ n A 


reeotded to have been skiUfUi all the learrijed U 




The Gi*eeki ttW derived their knowledge 
2 same source; and, pacing by the names of 
the Persian, and Ostanes the Mede, who Uved 
ime of Xerxes, we arrive at Democritus the 
Philosopher, who lived in the Vth century before 
.There are several manuscript copies of a Treatise 
Attributed tc this author, ..which Treatise has 
lira), together with an ancient Commentary by 
Bishop of Ptolemais. # 

nimanus or Comanus, an Egyptian Priest, (here 
0 treatise on Alchemy in Greek. He lived about 
gtund is said to have instructed Cleopatra in the 
Science. There exist also Treatises which 
:efto have been written by this queen, and the 
a of a pearl to form a costly potion, is adduced 
• r ;>f of her Philosophical attainments, 
oflermetic Science had 'passed into Rome also, 
tsiprms us (lib. xxxiii. cap. 4.) that Caligula at- 
J c ]> transmutation on a large scale : et plane fecit 
on jrccUens, sed ita parti ponderis , ut detrimentum 
itio 

in check was, at length, given to the pursuits of 
e p in Egypt ; for we ure informed that Diocletian, 
.ime» caused the Hermetic writings of the Egyptians 
to lected and burned: supposing that it was by 
’ the the gold thus fabricated, that they were enabled 
supplies during their rebellions against his 
iriesjWt. If any manuscripts of i mportance escaped 
search, it is probable that they subsequently 
with the thousands of others destroyed at the 
’ Alexandria by the Saracens, under the Caliph 

dchcmic^fg, 1iowevcfr"1f"We nmy believe its 
isT^Clf continued to burn steadily if not 
and the following series of writers *nen- 
yarious uuthors, as having left Treatises whfck 

igoras, a Christian Philosopher, a. n. 176. 
'ait Amour , printed at Paris, 1599 and 1612. 

Bishop of Ptolemais, a. n. 410, left Greek 
Alchemy, and his Commentary on Democritus 
in Fabricii BibL Grace. tom. viii. Heliodorus, 
f Tricca in Thessaly, a. d. 405, printed in 
Bibl . Gr<eca % tom. vi. Zosymus of Alexan- 
410, numerous Treatises in MS. Archelaus, 
MS. Pelagias, a. d. 420, MS, Olympiodo- 
430. MS. Theophrastus, a. d. 450. A Chris- 
topher, De sacra et ditina arte , MS. Ste- 
lexandria, a. d. 630, MS. Pappus, a Christian 
icr, a. n. 638, MS. Cosmus, a Monk, a. d. 
« • 

ti g the origin and progress of Chemistry 
i, the general belief is, that previous to the 
Mahomet, ’the Arabs entirely neglected the 
i of Philosophy of every kind. M During 
t of their fourteen first Caliphs, viz. frmp 
to a.d. 748, they were solely employed, like 
2 st(^, iti preserving the purity of their lan- 
i thr study of the Koran ; v^ith the addition 
m^-dicinal knowledge, which they found a 
practical utility.’’ • 

itempt for every species of Science which the 
of Mahomet long retained, has been iljus- 
the following well known apetjdot^. whieh'is 
n by Du Ffe^hoy. “ Amru, the Arabian 
mving made l^mself master of Alexandria, 
) found in thfy celebrated city a. Library well 




stored with numerous philosophical writings. John Bfstoriml 
Pbiloponus, m able commentator on JkrtsipCH wiW ***rmuc* 
then a teacher m that city. Herequcfited the Jlobam- 
medan General tp grant liiroall the Philosophical works 
which might be found in the Library, A mm dare not 
take upon himself to. make this present to Science. Be 
therefore wrote for instructions from Omar, the second 
Caliph : but the answer which he received was fatal ip 
the works and to Science. The Caliph remarked that 
if the writings were found contrary to the Koran, they 
must be destroyed, as being pernicious: but that if 
they were conformable to its dogmas, they became use** 
less, as the Koran was alEsufticienb Thus none were 
preserved ; all underwent one common fate and were 
destroyed. They were employed iif heating the baths 
at Alexandria, and were more than six months in being 
consumed, though there were then more than 4000 
baths in the city.” 

The dynasty of the Abbasides was, however, more 
favourable to Science. 4, Almansor, the second, and 
Haroun al Rasched, theffifth Caliph of that race, were 
its able promoters. 

In Bishop Pocock’s translation of Abut Farm j, we find 
that Mamun Ben Rasched, (who lived a. ». 813,) 

“ amabat sciential et sapientes ac uiros celebres : (jus 
tempore tramtati sum multi libri ex Graced lingud , in 
linguam Arabicam!^p. 24 6. It is to this period that 
we think we may justly refer the passage of Chemistry 
(such as it then existed) from the Greeks, to the Arabs 

The following may serve as a brief note of some 
Arab Alchemical writers mentioned by Borricltius and 
Du Frcsnoy. A MS. jn Arabic, in the Library at Ley- 
den by Ostanes : M. Du Frcsnoy considers this u 
translation from the Greek, The Commentary oi'Eidi- 
mir Ben Ali on Abul Hussain, and the Treatise of Gel- 
dfk are both in the same depository. Geber who, aikr 
Hermes, is in the greatest repute with the adepts, left 
many Treatises. Borrichius supposes him to have lived 
prior to a. n. 830. His works«were imperfectly printed 
until 1682, when a correct edition appeared at Dantzic, 
copied from a MS. in the Vatican. rThe next cited, in 
chronological order, is Rhazes* Jr Mohammed Ben Rliazc*. 
Zalairia of Korhassan, who died a. d. 932. He has the 
reputation of having first applied Chemical Science to 
the Matfria, Medica , and was an expert Physician. 

Farabi was a gTeat traveller! 1 add is reputed to have/arab- 
acquired a large and varied fund of Philosophical 
knowledge. He was murdered by rnbbtfm in the woods 
of Syria, a. i>. 954. His works, which tuVuiumernuM, 
are stated to be in* MS. in the Library utfLeydfeu. The 
time at which Michael Psellis lived is not certain, he 
was of Constantinople. Leo Allatius de Psellis, &c. 

Roma, 1634. There is a pretty little story made out 
of the history of Adfar, a Sage Arabian adept. Morie- 
nus, a Roman, left his Country for the Adie of parti- 
cipating in the Hermetic learning of Adfu* and Kalid, 
who is reported to have be**n u Caliph or Sultan of 
Egypt ; to these Morienus communicated the arcaaiygn 
magnum , and then mysteriously withdrew himself from 
Royal favour, returning to his original solitude in Jeru- 
salem. Morieruis f s Treatise was written in Arabic, but 
translated into intin by Robertos Castrensis* A, n. 1182, 
Morienus is sirfposed to have lived at th£ middle of the 
Xlth centjsdry ; Jhe was much younger than Adfar, 
and probably rather older than Kalid. The translation 
of a W*k rjfc^rrad to Kalid, may be seen in MangCtus. * 

The rast % Acnbian waiter whom we need cite is Ebn 







CW»*ry, §Mt 0* % he h mo% cotfcracwtfy celled AMm. 

Zorn' fclkiUt a. h. 980, at Bacara m Persia, and died 
.Ariotem*, a« t>* 10W . He Was a Physician of first rate talents, hat 
of most irregular habits. There are six or seven Tracts 
no Alchemy bearing his name ; but it is possible that 
these are forgeries, and he is even said to have held 
the Hermetic Art in contempt. His medical works are 
in reality more important and authentic. 

► We have now expended time enough, and perhaps 

• more than enough, on these Arabian Adepts. The 

Treatises ascribed testhem are frequently of very doubt- 
ful authenticity, and whoever shall take the trouble to 
• examine only a very few of these writings, will soon 

discover that he, cannot reduce them to any system, 
that the operations which they propose are often quite 
impossible, off if possible, generally futile. After this 
period, the evidences of the continuance of Alchemy 
in the East are but scanty, though its practices have 
probably never fallen entiieh into disuse. 

Europ*«m Returning now to the Xlth century, beyond which 
Aidpray we had rather advanced for Ac sake of completing the 
Arab part of our History, wo find two causes tending 
to introduce the Sciences of the East, and therefore 
Alchemy, into Europe, First, the Crusades; which 
commencing towards the dos<| of the XI Lit century, 
carried numbers of Europeans into the East to combat 
the Saracens ; from which countries, those who returned, 
brought back with them the knowledge of many Arts 
unknown to their foiefuthers. Thus may England. 
France, and Germany have gained the knowledge of 
Alchemy. The Latins might possibly have before 
acquired some knowledge of the Hermetic Art from the 
Greeks; but *f not, there was the second cause to 
which we have alluded , wz , the conquest ftfC/mstantino- 
pIe,(A. n 1 205,) by which they would become Assessed 
of many Alchemical Treatises, and in which cit\ they 
have found artists actually employed m then processes. 

The following aie the most celcbiatcd of the Euro- 
pean Alchemists who flourished liom the X tilth to the 
XVI 1 1th centuries. 

In England.— 1 *U<»Sfcr Bacon, a Franciscan Friar of 
Oxford, 1260. John frei»ei t Abbot oi Westminster, 
1312. John Daustem, 13(5. Thomas Dalton, a 
priest of Gloucester Abbey, 1450. Sir George Hipley, 
Canon and Carmelite Monk, 1171. Thotqus Norton 
, of Bristol, 1477. Thomas Charnock of Salisbury, 
instructed by Sir Janies S — ♦ , a pnest living in the 
cloister? near Salisbury, 1574. Pieicc the black monk 
in the XVth century. Dt. John Dee of St. John's 
CollpgdJ Cambridge, Chancellor Bf St. Paul’s, 1505 
Edward Kelly, a Notary, born ut Worcester, 1555. 
Alexander Setfion of North Britain, 1602. But- 

ler, an Irish .gentleman, 1624. Eirenams Philalethes, 
1645. George Staikey of London, 1046. 

In Gendany . — Albert the Great, Bishop of Ratis- 
bon, 1 230'. Basil Valentine of Eifurt, a Benedictine , 
Monk, 1450. Vincent JKofFsky, a Pole, I486. Paru- 
scelsus, M. D. of Bask’; 1527. Jacob B eh men, 1600. 
Michael Setidivogius, ^a Pole, 1604. Gustenhofcr, a 
Goldsmith of Strasbu^g, 1603. 

In Italy. — St. Thomas of Aquino, 1260. Ferurius, 
an Italian Monk, 1320. Pope John! XXII. of Avig- 
non, 1380. ^John de Rupescissa, a Franciscan Friar, 
1350* Peter Bona of Lombardy, 1 1330. Bemurd, 
Count of Treves, of Padua, 1481. John Picus, Count 
of Mirandola, 1491. Claude BertgatM/of Pipa, 1641. 
Joseph StaWmo a Sicilian, 17 § 83 • * \ 



S* . 

Montpellier, 1991* Johnde 
I960* Nicholas Flatnel, a Notary^ Pw 
John Feudal ne, a Poet, GflOfp A mm 

burg, 1479. Dennis Zachary of Gutaune, 1 
Lisle, a clown of Provence, M0B« 

To these add Alphonso, King ed 
Raymond Lully, Seneschal in Majorca, m Z 

and Tst^c, Jews of Holland,* 1420, «L £L ^ 

mont, a Physician in Flanders, 1899* F* ^existed 
M. D. in Holland, 1666. Ivoisier 

In concluding this very brief sketch of then * 
of Alchemy, it would have been possible Jy-inajW 
cited Alchemical writings of a date still paorjj * 

than there above mentioned. In fact, we 1 
extremely probable, that there may be # 

living, who believe in Alchemy, and even p0|L*ftW. 
visionary prospects it holds out. Some there^ u * Kirwi 
too, who despairing of obtaining the Elixir O^ or ^ ^ 
the universal medicine, nevertheless, led byf fcref j r 
assertions and false analogies, aie in hope of \*y ov J m 
to the transmutation of metals. Or, perhai^’ lrw » s 
might with one of the later English writers*^ 
avoid the term transmutation: lie says, ** It is jq e ver 
in very deed a chaos which is related to all w»*y ttn i 8 the * 
mother ; for out ot it 1 know how to extract ai^h ^ 
even gold ard silver without the tmnamutin j UH can , § 
tin? thing which whosoever doth also see, ma^ re com- 
to testily it/* Page 5 of “ Secrets revealed, &hlojmtott 
a most famou« Englishman, styling himself: A g e ^ m9 
or KyncriaBus Philaletha Cosinopohta ; who, U s ),ouJd 
ration and reading, attained to the Philos opJ|} fifo r • 
at his age of 23 y*«rs, a. Dr l#4ftr*' To ttd'%, h 
of thin Adept's sentence we fully subscribe, j U)W- 
cxc«pte± ematized 

-k has been remarked, that many of the t we 
Philosophers were Ecclesiastics of different p$f absolute 
This docs not seem strange when we consid antiphlo- 
great an extent Learning was confined to tha^bject we 
the periods to which we now refer. There runl. observa- 
mauy of the Alchemical writings a strong VeifVtsfixod to 
which has frequently every appearance of ha 
sincere. Prayers, and fastings, and almsgiVi^g^^^ 
fiequcntly essential parts towards the and 

and there is every reason to believe that by Temporary, 
were .strutly pei formed. We cannot be st^ts of Ihe 
finding die mystic Divines involving Alcher^ a f atro „. 
their spec illations ; and it may be somewhat^]] 8 how 
though we feel it lather an humiliating specii^jy arose 
human mind, to produce a passage or tw the more 
published in England so late ms* th^year 181 
44 Attraction is the first principle ft/ j^k j t 
nature : the origin of attraction is beyond vain 

is therefore incomprehensible to the human u 5 f' his con- 
ing. Rutulsion is the second principle : it^ed from 
«*ir) consequence of the first by reaction. re j u dice, of 
tion is the third principle: it proceeds forested, they • 
fiict of the attraction and repulsion." This 0 f M avow 
author seems !*> think* developed in fivKmo^j^ 'f|, e 
matter, where’ll the Alkahest is fully4dei t , j t s cxnla- 
illustrated by a most sublime diagram, whi.idifiaUion, 
hglitful caricature represenfation of the gemqk] m both 
Chemical processes. The author conchid luwll m the * 
“the meqhanifal, part of tbestf iirjuciples pas* of weight 
bawds of its proper munufaeflirers, equallycalcination^ 
rally in all Countries, and tty&t all Govermtif t t U ry • that * 
for the alteration; the school, of the Adej^d In ^ 

^ * 
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*<«#«*• captivity in Babylon, «uA they »3Htad 
«b true Pfrynieiam for (he *6u8!'*si 
5 ftispewanff the leave* of the (tee of life for the 
the of the nations,” It may bft fair toietat*, that 
imM# professes himself indebted to the«writin« of 
•hil'lehmea for thews his first principles. AH tre 
Th«y li. that the pupil seems to have been well 
t, In This instructor. t 

utf * Trtbm Anucyrb caput in<aniibU«.** • 
r '' Alchemists did not disdain the flowers of Poesy, 
'™'»gni)t mode of conveying their instructions. Of 
l tr, i»g we confine ourselves to the introduction of 
specimens - 

s " But holy Alkiuiy of nght is to bo loved 
^vVhich treatrih of a precious medicine, 
r ♦ot-; ur h as trtsvvly maketh Gold and Silver fine 
of if Whereof example tor testimome 
ts in a City of Catilony 
Jchoi*^‘ri» Raymond JLuily, knight, men suppose 
0 . 4ade in seven images, the trewtli to d fit love ; 

. etn< hree were good silver, hi shape like liuiieb bright, 
tfJOiroivery each of four were gold ami did a knight 
)H i t borders of their clothing like appears, 
e ptcl ,1 tf m ty ,0 G 10 «»ntence as it shewelh here. 

lUTie in old horue- shoes (said one) 1 was yre, 
to t, c ovv 1 am good silver, as good as ve desire 
tllO lewas (said another) iron let from the mine, 

\ fiit now l am Gould pure, perfect, and fine 
tries, *e ^ l * ocn wttS l topper of an old red paon, 
v er JW * * m ® o0( * s, * Ver Mad the third woman. 

p ie fourth said, I was ooppei grown m the filthy place, 
wv am I period gold made by God's grace. 

/ fifth said, 1 was silver, pmieit thorough fine, 

ii peT^ct gidd^ excellent, belter than the prime. 

, a pipe of lead well nigh two hunted yearc, 
dCj now to all men good silver 1 appear 
\So seventh said, l Itade am, gould made for a irmi»tne* 
t pewUe my fellowes art ncior ihdreto then I 
y* n<4 oj Mrherny i i* Ashmolc’s Thcat. Chrm lit it p. 20 

owing may serve as a specimen of Hie bym- 
i^ua^e adopted by the Adepts, for the purpose 
bmp: their processes from the uninitiated vul- 
this purpose the meials were spoken of by 
Mary designations ; a metliod which first ori- 
Ages of the most remote antiquity. Thus 
fthe Sun, Apollon, and the sign © was found 
1 to Stand for Apollo, in the margin of an 
eek MS. Silver was the Moon, and so of 
The passage further shows the early use of 
amalgamation. 

i Y*f wore kyndly som other men don 
mentyng the>ci Mede>ncs in thy 4 * wy<ie, 

.Morcury diitolvyag both Sou and Mom. 

' Ac &c 8tc. 

i other ther be whyuii hath more hap 
’ouch Ihc trotlic in parte or Fermqntmge, 
vy Amalgam the r bodys with Mercury like papp 
L *gc Kipley’h Compound of Akhymie tn Anhmole'u 7'heat, 
um, p. 174. 

i here conclude our notice of the Alchemists 
towever, to be by this understood that the 
the^4Iermetic Philosophy fell* suddenly into 
id Maune, but that as the writers with which 
acquainted at the beginning of the XVUth 
imbibed from Bacon a more just spirit and 
investigation, they gradually converted the 
of undigested/faets, collected Jby the Alche- 
te foundation ^of ’a regular Scientific inquiry 
stitutH»n of nature, and the agency of these 
mi upon matter. * Of the last English 
• 4 


we taw* of aoodfer oocmn* than fife fi4- 

KESWi »" b * “ 

“ to times we have had two or tiwe* believferB 
in transmutation. In, the ye*r iWftfc, JJ?, Price fef 
Guildford, by means of a *hite and a red powder! pto* 
feesed to convert mercury into silver and gold, end is 
said to have convinced many disbelievers m the possi* 
bility of such change ; his experiments Were tohave 
been repeated before an adequate tribnittd, hut he pbt 
a period to his existence by swallowing laurel-water," 

•‘Another true believer in the mysteries of this Art* 
was Peter Wmrtfe, of whom it is to be regretted thjit 
no biographical memoir has been preserved, I have 
picked a few anecdotes respecting him from two or 
three friends who were his acquaintance. He oCcup^d 
chambers in Barnard's Inn while residing in London, 
and usually spent the summer in Paris. His rooms* 
which were extensive, weie filled with furnaces and 
apparatus, that it was dif|cult to reach his fite-side. A 
friend told me that he once put down his but, and never 
could find it again, such was the confusion of boxes* 
packages, and parcels that luy about the chamber. His 
breakfast hour was four in the morning: a few <>f his 
select friends were, oe«w»ionally, invited to this repast, 
to whom a Necret signal was given by which they gained 
entrance, knocking a* certain number of times at the 
inner door of his apartment. He hud long vainly 
searched lor the Elixir, and attributed his repeated 
failures to the want of due preparation by pious and 
charitable acts. I understand that some of his appa- 
ratus is still extant, upon which are supplicanoufe ibr 
success, and for the welfare of the Adepts. Whenever 
he wished to break with an acquaintance, or felt himself 
offended, he resented the supposed injury by sending a 
present to the offender, and never seeing him aftci- 
wards. These presents were sometimes of a curious 
description, and consisted usually of some expensive 
Chemical product or preparation. He had an heroic 
remedy for illness : when he felt lornsetf seriously indis* 
posed, he took a place in the Edinburgh mail, and, 
having reached that city, immediate iy came buck m the 
returning coach to London. A cold taken on one of 
these expeditions, terminated in an inflammation of the 
lungs, of which he died in 18(*5. He is the author of 
several papers in the Philosophical Transactions * 

We conceive that our time may easily be employed 
more advantageously to our readers, thuu by repeating 
here the histories an^ attestations that hav w been handed 
down to us in favour of successful transmutations. S« rt h f 
however, may be seen in the works of Boyle and Boer- 
haave. There is also au amazing tale of the kind in 
Helvctius’s fr olden Calf, The following* however, has 
been pointed out to the writer of this Paper by a friend, 
and is given as, perhaps* the latest recorded instance of 
expert juggling of this kind ; especially as it proves that 
there arc yet followers of Alchemy in the East 
“ A few days before my arrival at Bassora in Auguatf 
1814, (says Major Macdonnald"Kinneir,) Mr. Cplqu* 
houn* the acting lesident at that place, received a m##* 
sage from an Arabian Philosopher, requesting e private 
interview, in ord«jr to communicate a mo^t important 
secret. Mr, C , consented ; and next morning (fct mya* 
terious stranger was introduced to him : embracing the 
knees of the resident, he said he whs come to eapnUoe^ 
the protection W the English from 
tinned persecution^ of mis countrymen* who* having 
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:Ml^...t|«a|)<l irom QnM,„«h«i« hehad Jongbeen 
starvedand imprisoned by (be Sheek, and that , he would 
^ujjge every thing (hat he knew to Mr* Colquhoun, 
provided he was permitted do reside in the Factory. My 
friend agreed to receive him, and in return he faithfully 
promised to atibrd.a convincing proof of his skill* tie 
accordingly retired and soon afterwards returned with a 
Small crucible and chafing-dish of coals, and when the 
former had become hot, he took four small papers con- 
taining a whitish powder from his pocket, and asked 
Mr.C. to fetch hi|n a piece of lead : the latter went into 
his study, and taking four pistol bullets, weighed them 
unknown to the Alchemist: these, with ihe powder, he 
put into the crucible, and the whole was immediately in 
a state of fusion. After the lapse of about twenty 
minutes, the Arabian, desired Mr. C. to take the crucible 
from the fire, and put it in ttfe air to cool : the contents 
were then removed by Mr. CJ, and proved to be a piece 
of pure gold, of the same weight as the bullets. The 
gold was subsequently valued at 90 piastres in the 
Bazar. It is not easy to imagine how a deception 
could have been accomplished! since the crucible re- 
mained untouched by the Arab after it had been put 
upon the fire ; while it is, at the*same time, difficult to 
conceive what inducement a poor Arab could have had 
to make an English gentleman a present of 90 *piastrevS. 
Mr. C. ordered him to return the next day, which he 
promised to do, but in the middle of the night he was 
carried off by the Shock of Grime, who, with a body of 
armed men, broke into his house and put him on board 
a boat, which was out of sight long before day-break M 
— Travels in Armenia, Koordistan , be. p. 406. 

We have, hitherto, passed by the claims of the Chi- 
nese to an early knowledge of Alchemy. Martini in 
his Hutoria Sinica, and Le Comte in his Me moires 
stir la Chine, state that the Chinese assert Alchemy to 
have been known among them 2500 years before the 
Christian aera, Ubt that they have no manuscripts on the 
subject. In the Memoires de l* A cad. dc Si. Petcrsb. for 
1807 und 1808, voi. ii. there are some extracts from a 
MS. on Chemistry, brought from China by M. Bournon. 
The title, when translated, runs thus: Confessions du 
, paisible Dragon , eo id posed by Ma6-hh6a in the reign of 
the Emperor Ssou-dsounn c*f the dynasty of T&nn, 
which is equivalent to a. d, 756. 

In the first chapter the author says, “ Tout ce que 
thomnee pmt se?i(ir\:t observer p&r ks sens, et tout ce 
qitfi pent concevoir par son esprit ct par son imagina- 
tion, est compbsS de deux prindpes fondamentaux le 
Ydnn ct la \ne, qui disignent le parfait et VimparfuiL 
Le Yann est le puissant ou V accompli, et le Yne lui est 
* 4iamStrale<ncnt oppose” 

Of the«Atwiospliere (Hhid-chenn-kf) he says; this , 
HhUt-chcim-kl is the kl jf'hicb rests on the surface of the 
#arth, and elevates itsej. to the clouds. When the pro- 
portion of the Yne which makes part of its composition 
IS too great, it is not so perfect as the kl beyond the 
ctbudfi. We might perceive the Hhid-chenn-ki by the 
sense o£ touch, but the elementary fire with which it is 
mingled, readers it invisible to our eyes* There are 
flfauy methods which purify it and deprive it of a part 
ot tts _ Tmft This is done by substances which are mo- 
difications of Ydnn, such as metaK^olphur (lieGu- 
hhou&nn,) and Tine, or charcoal. Thts? ingredients. 
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O n the w h ol e, i 

(hat the pursuits of ^ 

selves mto China, yet tUere seems Httle evkkn 

subject. We have almost # a ■ . 

notice M. BjouriWa MS,, for it is 
w ith the, well known character of the Chinese^ite ^|f 
vising such Frauds, and for great skill in executing 
to suppose the whole a forgery, the object of wl^oisier, 
been to produce an evidence of Chemical 
having existed among them, prior to its appeaddliiS% 
Europe, Thus they would pretend that the con^ par&u * 
of the atmosphere, and the nature of its ingi| opera- 
was known in China during the Vlllth centu^^m- * 
cisely as explained in Europe at the closed «nfn ru 
XVIIIth. JaishS Ki™ 

History of Chemistry . 

We have admitted that it is to the medical Vyp 01l r m • 
the XVIth century, that we are indebted for 8 

the pursuits of Alchemy into those of true <Jt K j eX . )e- 
The knowledge which the Adepts had gained Never 
unwearied efforts, all directed, tonne or two po /ar( j 8 1 

of course itself limited ; but it was upon that, as i^tch the 
tion, that Basil Valentine, Paracelsus, and Van can- I 
commenced their superstructure. These writ^ re com . 
of whom we are in various ways indebted, w^hloiristoti 
employed in making the processes which they| t ^ emg 
from the Alchemists, subservient to the prep^ r s j 10u | ( j 
active meriic/nes chiefly drawu from the mine^ or there * 
dom : while, at thp same time, they had the difj^ 0 
of combating the established usuges*of the. « cts 
but less efficacious, preparations of the Galem em ’ at j zec i 
of Physic. # t here we 

While thus Medicine adopted Chemistry ar.^- absolute 
diute auxiliary. Philosophy claimed its aid as a „tj ,>hlo* 
of interrogating nature. On this ground 
name so deserving of uttention, as that of Fra?, 0 { )serVa „ 

Lord Vcrulam. This extraordinary man, wh^refixed ^ 
beur the deepest stamp of originality and genii 
out to all pie world the just paths to be P^tiiratfoti 
Scientific investigation : nay, more, he set thf^^ 
by himself walking in those paths not 1ln i eiU Ao*arv 
making Science his relaxation from the cares ^ts of ihe 
it afterwards became his solace in years of a 
und affliction. wll j Bho J 

In the subsequent part of this introduction arose 
name two or three of the great changes whic’ more 
creeds have hitherto undergone ; blit the n* 
work will by no means admit of that fol&hiftli it fth* 
rical detail, which we could with -please . Jj. 

We have said more of the Alchemists th? . « Jr* ’ 
say of the Chemists, because we feel tha' furi)jshed ff „ m 
from hem for ever : but .t may be po pn . judice> of 
knowle<lge our obligat.ous to tfaei mld \ ve J sted , they ; 
briefly, when each ^stance, *^ vr itings of M avow 
brought to light or investigated, shr and i Dte 

in review before us. • 

Bmil Valentine describes .U jLoidificntL.' 
obtaumig nitric or sulphuric a femwJ esHenliul in ^ 
Tnutnjihuhn Anttmrnu he ej fire wa , known in thl( * 
'mi properties of numerously the . nm>aBe of wc ^ ()t 

' teir fusion and calcination^ 

Parmlmt was" a bold ar ;the XVJJth Wlltliry . 
writmps dq not seem to is eoilccrire d in 
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ipientjof Chemistry, as to t the defence of the active 
7|*i Article* recently introduced into the Materia 
y?,8ucha» calomel and the antimonial prepara- 
He sank at an early age under the consequences 
of irregularity, and is buried at Saltzburg. 

‘ip ^Rdmcmt, a Physician of Brussels, succeeded to 
fwfedge, and supported the credit of the medi- 
*^f die iwo last named authors. His writings 
1 j to us a favourable impression of ,a mind 
r ^’ f searching for Truth; but his energies are 
01 tj . more towards Medicine than to pure Chemis- 
8 Jte first used, the term Gas to designate all 
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. „ a substances, atmospheric air excepted. 

wrote on Gluss-making, and lie also dis- 
-S ^ the method of obtaining Phosphorus, having, 
W. bad 8rtme shown to him by Brandt , a Che- 
* je Hamburg, its first discoverer, who concealed 
, 8 * .ess from Kunckell, though he revealed it to 
^/Dresden. 

£> ” e 3er of Amsterdam was an experimentalist of 
ltlCM ;e excellence; lie wrote much, but he also 
J,! ( ct I i luc ^* a,l( i introduced many valuable improve- 
e P r ■'* nio the manipulations and apparatus of Ohe- 
a, * ,e > He introduced the process for obtaining 
„ J? acid, arid described the method of separating 
K t a fr° ,n hones; he formed also the salts of that 
^ His discovery of the product of vinegar by the 
*“%>n of wood in close vessels, has not, until very 
1 ^ obtained the attention it deserved, though now 
^un important branch of our Manufactures. 

. (.formation and incorporation of the Royal 
A iii w lfifti ; s II., together with a 
institution! the FrencfT Bpyal Academy of 
formed ’in 1 666 by Louis yEIV., were great 
J measures, which* though at find. hey may 
,^tp have owed their origin to the flail* and 
Science, in the end acquitted themselves 
Alligation by ennobling its purposes, con- 
■ • ^ its energies, and enrolling among its 
indfci learned and dignified characters of 
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loyal Society originated at Oxford, but its 
/ removed their sittings from that place to 
j for the sake of greater assistance and more 
utility. Among its earliest members was 
durable Robert Boyle, a most amiable man, a 
Philosopher, and a sound Christian. He wrote 
fished much, and with good effect, though 
v of genius does not seem to have been his 

iUe^ c ‘ » 

\ \> was the obutemporury of Boyle, of a dis* 
i ot lit less amiable, but of genius more acute. 
v U \m?°^ e aatisfttCt<>ril y demonstrated the ncccs- 
?ge Ripl.^eric air to the process of combustion ; 

p. which Hooke entertained were sub- 
i here cd rtec * K reut ability by May ax." 

|0W k Vcr Boyle, Hooke, and Mayow, upon the 

* ufS/vtt iVmnwK dc urn nmtr KdIIdvi'O 


tides are so liberated as to eieuroe m vioient vibratory 
motion that is natural to them. Eveiysubstancethai 
it was possible to burn was supposed to contain Phlo- 
giston, and every substance when it had been burned 
Was thought to have parted with its Phlogiston. This 
continued to be the general belief for more than half a 
century, though the reasoning of Jloyfe, Hooke, and 
Mayow, together with the experiments of jRey, show- Hey. 
ing that metals did not lose but gained in weight by 
combustion, were decidedly opposed to such an hypo- 
thesis. *» 

Hooke recognised the combination of oxygen in 
nitre, though that term was not applied to it till long 
afterwards. Mryow called it the ^Nitro-aSrial sub- 
stance, and demonstrated its necessity to animal respi- 
ration. He also obtained hydrogen the action of 
iron upon diluted sulphuric acid. His examination of 
the mutual actions of saline bodies is, perhaps, the first 
germ of the doctrines of analysis depending on compo- 
sition and decomposition^ The sulphurate, both metal- 
lic and alkaline, are ably treated of in his works, and 
much of that system which 19 so forcibly sketched in 
the small portion of Newton's writings that is devoted 
to Chemistry, may be .traced to the experiments, if not 
to the views, of Mayow. The whole of the doctrine of 
Chemical Attraction underwent great changes and im- 
provements subsequently in the hands of Geajffroy, 
Bergman , Berlhollti , P faff l Proust , Wenzel, Richter , 
Higgins, Dalton , Wollaston, Gay Lurntc , and PrauL 
Although, in the divisions of Science to which we 
adhere, Heat does not form a part of Chemistry, yet 
as the Chemists of the period we are examining in- 
variably united these branches, we must now men- 
tion the discovery of the thermometer, an event which 
produced a decided and beneficial influence upon the 
progress of Chemistry in general. In regard to 
priority of claim to this valuable invention, mitriois are 
divided between Dr ebb el, of Amsterdam, and Sun- 
torio , of Padua; both lived in the latter half of the 
XVlth century. The Florentine Academicians, how- 
ever, were the first to reduce the. instrument to pur- 
poses of practical utility. But all their instruments 
wanted the essential of comparability. It seems 
doubtful ; but Dr, Halley is said to have introduced as 
one fixed point of comparisons the boiling point of 
water, and Navtori certainly made use of both this 
and the freezing poinfof water: thus obtaining two 
fixed points universally attainable, and rendering all 
thormometric indications comparable wilji each other. 

Van Sunn dm, Fahrenheit, Martini , Dc Luc , Sauwyre, 

Su , and Leslie, have published further illustrations, or 
have suggested improvements in this instrument. 

To Dr. Hales , the author of the Statistical Essays, Hulc ^ 
we must award the praise of having been the chief 
author of Pneumatic Chemistry, ♦hough it in some 
dbgree commenced with Mayow and* Hooke. He 
refused high preferment in Order that he might con- 
tinue his Philosophical pursuits, which served for hU 


the/Herm , ^ 0, b though, as we now believe, tinue his Philosophical pursuits, which served for hU 
j I of the two*, seem* to have given *. amusement amidst the zealous discharge of parochial 

m Ciiisusc, 0, . . k .u. >ha . i j k.. Jnhr a urea vt/Winh r»nlv t'hxrd with hia life in 17111. 
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duty, a course which only closed with his life in 1761, 
at 84 years of age. His experiments on the g£$es Were 
very numerous and of a miscellaneous character ; but 
those in which be applied the same industry to inves- 
tigate the respiration and chemical agency of plants 



Boerbia**. 
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contemporary with Halls, He was a distinguished 
> ,*» v » y Physician, a good Chemist, aiwi an excellent mam His 
lift by Johnson to well known, and justly admired. 

Black, 0r, Black was Professor of Chemistry at Edha- 

* burgh. In Chemistry, bis great discovery was that of 
carbonic acid gas, which he obtained from decomposing 
the alkaline and earthy carbonates. But even this, 
great as it was, was exceeded, in originality and beauty, 

• by the grand addition which he made to Physics of 
• the knowledge of Latent Heat, about the year 1760. 

(Vide His at, Art. 24®.) The practical importance of 
this doctrine was readil> seen and employed by the 

* vast mechanical genius of Watts. 

Bergman. Following a sotf of chronological older, the name of 
Bergman next occurs. He was of Upsalu, in Sweden, 
and may be ^considered, in oome sense, the earliest 
regular analyst whose name occurs in the History of 
Chemistry. His labours tended to the acquit ement of 
a more intimate acquaintance with *he properties of 
substances for the purpose of their separation, and also 
to those metallurgic processes so important to his 
country in particular, lie died m he tally age of 49, 
a martyr to his assiduity in the cause of Science. 
fWmtidi. The Honourable Jinny ('auanluh. Dr. Priestley, 
Prir-Hfioy. a native of Yorkshire, und Curl H'llhthn Sohetie, u 
Sihcelo Swede, ate names which muy now be referred to, 
principally in connection with Pneumatic Chemistry. 
Priestley commenced by repeating the experiments of 
Hooke, Mayo it, and Hales, on gaseous bodies, and he 
veiy greatly improved upon the apparatus formerly 
employed for ihcse researches, leaving it much the same 
an employed »r The piesent day. lie is considered its 
having li stunned oxvgen gas on the 1st of August, 
1771 wind he obtained by eomcntratmg the Sun’s 
ray^ upon u d precipitate over mercury. He named his 
new gas {ephfogutfirafed air , though, in fact, it was the 
same which hud been obtained from nitre by Hooke 
and Viiyow, He diligently traced the functions of this 
ait in the processes of animal and vegetable respira- 
tion Mr. Cavendish discovered muriatic acid gas, 
and Priestley iurfhyr investigated its properties. The 
latter also separated tunmoniuoal f»as from the muriate 
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gatiese. He also the genuine O bm l t0 ^ 

lamination of the vegetable acids, Lwstty, thewtopg 
on Prussian Blue must be mentioned ^Ith 
mendatiem, rfle died at the early age of 44, < w ^ 

We have now arrived fit the tarn of tawfoiw 

which produced another great* revolution in the <SHe* 
mieal theory of combustion. The admirable PhiJoSo- 
pher, whose name we have just cited, may fee 4o»- 
sidered as the chief opponent to the doctrine 0f 
phlogiston as introduced by Stahl. That theta existed 
no such body as phlogiston was asserted by Lfcv«J#*er # 
chiefly on the ground that substances which had under* 
gone combustion weighed more than they had originally 
done ; which they ought not to do if they hpd parted 
with some element previously combined, This opera- 
tion was traced to the union of oxygen with the com- 
bustible body. The last and the ablest of the^ftip* 
porters of phlogiston was Mr. Kirwan , a distinguished Kirwan 
native of Ireland He published a small work in 
defence of his views. This work was answered by 
La vomer, and his associates Berthollet , Monqef Fovr- 
croy , and J)e Morveau , who, having tuken # Kirvvana 
work, republished it with their arguments and expe- 
riments, attacking each chapter separately. Never , 
was there a contest more purely conducted towards the 
investigation of *rulh; and never one in which the 
erroneous combatant gained for himself, by his can- 1 
dour, the admiration of impartial judges more com- 
pletely than Mr. Kirwan. From that day phlogiston 
has disappeared from all Chemical writings, it seems 
to us most extraordinary that a belief in it ever should 
have prevailed to the extent that it did : lor there • 
wne abundance of facts und experiments which ought 
to have overturned it long before. These facts, how- 
evci, Lavoisier has the merit of having systematized 
and brought to bear upon the question. Hut here wo 
stop, and do not concede to him the merit of ahsolute 
originality in those experiments by which the antiphlo- 
gistic doctrines were suppoited. On this subject we 
full) agree with Mr. Brunde, in the following observa- 
tions taken from the Historical Introduction prefixed to 
his Chemistry, published in 1821. 


by the action of lime : and discovered that which is now 
called sulphurous acid gas: examining also the pro- 
perties of nitrous g^s, •which had been imperfectly 

• • know n to Muyow. 

The more prominent facts # which w'ere brought (o 
light by the high talents of Mr. Cavendish, moHt assi- 
duously, yet ^cautioqjdy exerted, were the complete 
knowledge of hydrogen gas, which, though the sub- 
stance had becy obtained before, was quite disregarded 
until his time. These reseaiches led him to the bril- 
liant discovery of the composition of water, which he 

• laid before the Royal Society in 1784. (Vide Eluc- 


" It requires no deep inquiry, or minute investigation, 
to detect in ihe reseaiches of Priestley, Scheele, and 
Cavendish, the materials of which their contemporary, 
Lavoisier, aided by several celebrated Chemists of^he 
French School, cons ructed his new theory; and a retro- 
spect of the works of Muyow and Hooke will show 
that the antiphlogistic system almost necessarily arose 
out of a combination of their vijws with the more 
modern discoveries*” — p, 172.* 

11 If we look to the abstract facts on Ivhiob it (the 
antiphlogistic theory) rests, we shall search h^vain, 
either in the works of Lavoisier, or in those of hh» con* 


tricitv, Art. 167.^ 1 bus was the synthesis of water 

accomplished. * * 

The merits of Scheele were discovered and brought 
X) light by Bergman, who wiote the Introduction to the 
first work of the former, Chemical Experiments and* 
Observations on Ah and Fire It seems that Scheele 
discovered, independently of Priestley, many of the 
important phenomena made known by the latter about 
the same time. Ilis observations on the radiation of 
Heat are highly interesting ; but the discovery of chlo- 
rine (or Oephlogisticaled JVIarine Acid, as he called it) 
must be considered his noblest aJhieywnent This 
took place during bis excellent examination’ of man- 
vol. iv. • 


temporaries ; they were exclusively furnished from 
other quarters; and, without any undue prejudice, of 
which indeed Scienoe should always stanckdivested, they • 
will I think chiefly be found in the writings of Mayow 
and Ilooke, ami in those of Priestley and ‘Scheele. The 
prominent features of the French theory are its expla- 
nation of the theory of ’combustion and acidification, 
the presence of oxygen being deemed essential in both 
fuses. That air is the food of fire was known in the 
remotest Agts ? that it cwoi&dp the increase of weight 
sustained by metajs during their fusion and calcination* 
was shown by Hey early in -the XVIIth century; tbgfc* * 
a part only of the atmospllefe is concerned in the 
4 1 ? 





«,nlaitw>4 by Hooke in }667 v m 4 tehit ne«ess«ry thos brteay W' wention, , 

’lie or teiwouB spirit (os be terms it) of tl» tBl kinds has been fa a state of aiioeessWe impiwefoi^t. 
tmSh m; is eoneerned in the formation of acid* In France, this most hnc^tmt branch of the Iterance 
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asserted -'by Maypw in 16?4. Horej|jWitbaut ad 
5 tnf Into tiie XVlJIth century, We have in explicit 
^UjtaBj Ifi the facts and argume&ts requisite for the 
^itSstnicton Of the French themr/; but if to these we 
Did the discovery of oxygen by Priestley,* and of the 
eotUposldon of water by Cavendish, what then becomes 
of Ha Claims to originality ?”~p. 182, 

*IW name and talents of Lavoisier did much for the 
Introduction of the new system of Chemical nomencla- 
ture* From considering it the principle of acidifica- 
tion, be gave its present name to oxygen gas; azote, 
hydrogen, and carbonic acid gas, are also terms of the 
same a?rn. 

llavoisier'fl principal discovery, was the actual com- 
bustibility of the diamond, which had before been sus- 
pected by Newton ; showing also its Chemical identity 
With common charcoal* 

Fof the last and greatest advancement in Chemistry, 
we are indebted to the aid of Electricity. Dr. Priestley 
perhaps, the first who thus called in the powers of a 
Deter Science. At least he seems first to have noticed 
and examined an experiment of Warltires, tending to- 
wards the syulhesis of water by firing a mixture of 
oxygen and hydrogen gases. Mr. Cavendish pursued 
these researches, and was thus the first to demonstrate 
the composition of water. This was in the year 1781 ; 
and in 1789, the associated Dutch Chemists, Pacts, 
Van Tmostwyck, and Dieman, effected its decomposition 
’ by a varied application of the some agent* It is not, 
however, to ordinary Electricity that Chemistry is in- 
debted for its greatest advancement, but to ihut species 
of action which arises from the Voltaic pile. 

In repeating (lalvani’s experiment upon what he 
called the Animal Electricity, made by placing some 
arinc in contact, with the nerve, and some copper in 
Contact with the muscle of a recently killed frog, ami 
then forming a contact between the two metals, by 
which a muscular convulsion was produced, Volta was 
led, about the year 1791, to the discovery of that beau- 
tiful aeries of mutual electric actions between the me- 
tals and other substances, which has subsequently borne 
bis name. Mr. Cruickshanks improved the construc- 
tion of the pile by converting it into a trough ; and in 
1800, Messrs* Nicholson and Carlisle may be said to 
have drat witnessed the Chemical action of the pile in 
a most important instance, namely, the decomposition 
©f water. In 180§, II winger und Berzelius greatly ex- 
tended the knowledge of Blectro-cbemical agencies, by 
publishing if beautiful series of experiments, developing 
the Ijiw that “oxygen and acids are accumulated round 
the positive pole of die battery, while hydrogen, alkalis, 
earths, and metals are accumulated round the negative 
pole. ,# " c * 

‘ The Philosophical Transactions for 1807 contains 
Sir Humphrey Davy's Paper, in which the Chemical 


has been most 
of the vegetable contents of the Materia Medica, with a 
view to practical purposes : while, at the same time, 
Dr. Provt in England* and Projksm Berzelius in 
Sweden, have laid the foundations of noble researches 
in die Chemical physiology of animal bodies; from 
which ultimately the healing Art will unquestionably 
derive signal advantages. 

In concluding this most circumscribed outline rf 
the History of Chemistry, we may perhaps be allowed 
to express a faint shade of regret, jyhich nevertheless 
has frequently passed over our minds within the space 
of the last five or six .years. Admiring, as we most 
sincerely acknowledge that we do, the Electro-magne* 
tic discoveries of Professor Oersted and his follower*, 
we still as Chemists fear # that our Science has suffered 
some degree of neglect m consequence of them. At 
least, we remark that during this period good Chemical 
analyses and researches have, with a few exceptions, 
been rare in England ; and yet it must be con- 
fessed there is an amyle field for Chemical discovery. 
How scanty is our ki owledge of the suspected Fluo- 
rine ! Arc we sure that we understand the nature of 
Nitrogen ? And yet, these are among our elements. 
Much has been done by Wollaston, Berzelius, Gay 
Lussac, Tkenard , Thomson, Provt , and others, with 
regard to the doctrine of Definite Proportions , but there 
yet remains the Atomic Theory. Is it a representa- 
tion of the laws of nature, or is it not? This is a 
point of vital importance to Chemistry : it yet remains 
undetermined. Let the Chemist and the Mathemati- 
cian (for both are required) unite their powers for the 
solution of this problem. 

For the History of Chemistry the reader may con- 
sult Borrichius, dt ortuel progresm Chemite, 4to. (re- 
printed in Mangetus ;) Bergman, dt pnmordiis Chemite, 
Opuscule, vol. ii. or Upsal, 1779. jpu Fresnoy, His- 
tone dela Philosophic Herm&Liqvt, tom. ] 8mo, Paris, 

1 742 ; Boerhaave. Elemenia Chdhiax , Lugd. Bat. 1732 ; 
Graelin, Geschickte der Chemic , Gottingen, 1797, 3 
vols. 8vo. ; Fourcroy. Discours Prtliminaire to his 
System, in 6 vols. 4to. ; Brtujde. Historical Introduc- 
tion to his Chemistry, in 3 vols. Svo. Loud, 1821. • 

For the 4 1 chemists, ?*. Borellus ; algo a catalogue 
of English Alchemical Authors in the translation of 
Helvetius’s Golden Calf; Mangetj Bibliotheca Qhemica, 
2 tom* fol. Genevsf, 1702, contains a copious assem- 
blage of Alchemical writings; Theatrum Chemicwm 
(per Laz* ZeLznerum) Argentor, 6 tom. 8vo. 1659; 
Elias Ashmole, Theatrum Chemicum Britannicum, fol. 
1652; Lives of the sLlchemists* (Barret,) London/ 8m 
1815. 

“ We subjoin a chronological list, which wiU be found 
convenient, as giving the date of the birth and death 
of the Chemists mentioned u. this introduction. It 




agencies of Wiectricity are still ‘further developed ; and ^ does not contain the Alchemists* as these have been 
the brilliant experiment of the decomposition of the al- already noticed* * 
fealta, with considerable evidence of the real nature of Bmu 

tftealk&lLne earths, is described m one of the most in- 
tori&tfting Memoirs ever presented to Science. 

From this period the (History of Chemistry Does hot 

mr f *»arked t features ip wrest bur atien- Van Helmont. v I|h7 

ion. It fefcs continued steadily to advance, but with- Ltbavius y . 1 . 18#8 

out making any of those gigantic strides wtyet* we have Ffancls Bacon. . . f ...a * , 1*89 
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Paracelsus 1498 

Cardan 1501 
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Guericke .v; 
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Ashmole 

1617 

...1 1602 

Beecher, 

1625 

.... 1685 

Galileo. 

1564 

.... 1644 

Torricelli 

1608 

. . . , 1647 

Boyle 

1627 

«... 1691 

Kunckell . 

1630 

1703 

Hooke * 

1685 

1702 

Lemery . . . . . 

1645 

.... 1715 

Lernery, jun. 

....... 1677 

.... 1743 

Newton 

1642* 

.... 1727 

Mayowe * . . 

,1645 

.... 1697 

Hotnberg. , 

. 1652 

.... 1715 

Halley 

1656 

1741 

Brandt . 

...V. 1459 

.... 1521 

Stahl 

1660 

.... 1734 

Hoffman 

660 

.... 1742 


Boerhaave I 668 

Hales ..." 1677 

Fahrenheit * 1686 

Gcoffroy • 1672 

Margrmtf 1709 

Ward . 

Roebuck 1718 

Brownrigg 1711 

Macquer \ 1718 


1738 

1761 

1736 

1731 

1782 

1797 

1800 

1784 


Mayer 
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Macbridc . 
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Irvine 
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Black 

1728 
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1799 

Fontana 
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Cavendish 
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Priestley * . . 

1738 
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Walt V 
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Rutherford ! . . . . 
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Kirwan 

.... publ. 
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Wilcke 
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.... 1737 
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1815 

• • Crawfurd 
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Irvine 
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Scheele 

.... 1742 
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1786 

Lavoisi # er . , 

.... 1743 

.... 

1794 

Fqjv’croy 

.... *1755 

.... 

1809 

ptaff , 

.... publ. 

1792 


Wenzele 

.... publ. 

1782 


Richter . . . .• 

publ. 

1792 



, * Chemical Apparatus. 

Before any attempt is’made to explain the principles 
bf the Science, it maybe advisable to describe the In- 
struments employe^ in Chemical researches. * 

The Laboratory is .the building* of room wherein the 
Chemist^arries on his operations. In describing such 
a building Mlith its requisite furniture, .it is intended to 
mention, as far as our limits will allow, all that is ne- 
cessary for an. ample rahge of Chemical research : but 
lesfi tha extent tf the apparatus should' appear a formi- 
dable obstacle ;$b> the commencemenf ofjtki* fascinating 
and importairt stody, it most he premised that we are 
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tyttr y period th e 

for any one to mile , 

to that . , 

design to Investigate. !the 

meats which the lost twenty yefoirii hswefi 
cumbrous Vessels and tedious \ 

Chemists have given place to siihplcr and on 
. modes of experimenting. FormeHy, the 3 
of the experimentalist and the manufacturer ^rafe ido^ 
tical; to the latter they remain the 
is his object, but m the present improved state 
mistry, the blast-furnace and the evaporating pan have 
in most instances given way to the blowpipe and the 
watch-glass. It is true, that in a well-appointed Labo* 
ratory they are still essential, hut the command of $ spam 
room and a small stock of instruments will enabHfahy 
person to verify processes, and even to prosecute new 
objects of research with little cost or inconvenience* 

It scarcely need be remarked, that in a Science de* 
pending so much on manipulation, and the habit ot 
accurate observation, a little practice will tejeh more 
than volumes of reading. Numerous minutiee, too un- 
important and tedious for description, may easily be 
gained by experience, or by the aid of a skilful instruc- 
tor. A Work, however, expressly devoted to this branch 
of the subject., has been recently published by Mr, 
Faraday, of the Royal Institution ; it will be found 
ample in its details, and invaluable to any one entering 
upon Chemical studies. 

Perhaps, on the whole, the most advantageous form 
for a Laboratory, would be that which allowed of one ■ 
ground-floor room, a cellar beneath, and a chamber 
above. The cellar serves as a convenient store-room 
for glass and earthen vessels not constantly in use, 
carboys of acids, and other things that require to be 
kept in large quantities ; but the main object of this 
arrangement, is to keep the ground-floor room free 
from dampness, which is extremely injurious to the 
fbmaccs and to all iron work, detaches the labels from 
bottles, and dissolves the deliquescent salts in the mois- 
ture they imbibe. On the ground floor, a space of at 
least six feet in width along one side should be appro- 
priated to the range of furnaces, and under this part 
the cellar ought not to extend, as no floor could sop- 
port the weight without arches, ami no wood ough^ to 
enter into its structure. The floor of thin part should 
be brick or stone, but the remaining part of the room 
may have a boarded floor. Over the whole of this 
fire-proof space, a chimney shuulfl extend, and may 
taper upwards, so<as to becoifle of the ordinary size at 
the top of the building. If the front of this chimney 
be supported by pillars or arches,’ the height should 
everywhere be sufficient for a person to walk* freely 
under without stooping. The main object of this cs- 
» pneious chimney, is for the purpose of allowing all add 
fumes and noxious gases to escape yrithout being • 
diffused throughout the air of the room. 

Under this open chimney, the flues from all fur- 
naces may be made* to terminate. lA the arrange- 
ment of these furnaces/ convenience must principally 
be studied; and for their* construction individually* 
,we refer to the descriptions hereafter inserted. It is 
tf&simbta sfr to arrange, tfiaty as some one fire must 


always be kept! A the Laboratory, that one should hefrt 
a sand ‘bath, in which evaporations may he ****** ^ 
aimultaneotisly wjth other operations. Of «1 
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Ck*mfctry xmm m the one now in me in the Labo- 
ratary ^ the Royal Institution* standing- quite free 
foam any wall* eeemsthe most simple and useful. Its 
construction may be, seen in p* #Q of Faradays 
Work. 

now proceed to describe the furniture of the 
laboratory in alphabetical order, for the con venience of 
Deference. s 

Air-pump . For a description of this instrument* 
see Pneumatics. 

, Alembic. See Distillatory Apparatus. 

Balance. For the particular description of this 
moat important* instrument, with a review of those 
mechanical and statical considerations which influence 
its construction, we Defer to the word Balance, in 
the Miscellaneous Division of nur Work. A well -fur- 
nished Laboratory ought to contain three Balances, at 
least ; the largest, capable of weighing several pounds ; 
a middle size, for weights from a thousand grains to 
aliout one pound; and, lastly, a very delicate beam 
for th* purposes of accurate analysis. Some Balances 
have been constructed so as to possess great sensibility, 
even wheti bearing a considerable weight in each scale, 
but Mich are very expensive. The Royal Society is in 
possession of a remarkably fine instrument of this de- 
scription, made by Ratnsden, (Jour, de Phys . xxxiii. 
p. 144.) The scales in common use will turn with 
of a grain, and may be loaded with 1000 grains in eUkh 
pan, without materially diminishing the sensibility. 
The beam ought to be made of some metal which will 
resist the acid fumes of the laboratory; ami for this 
f purpose platinum has been sometimes employed, but it 
is expensive, and rather liable to permanent derange- 
ment of form. Bell-metal has recently been suggested, 
as, although it is flexible, the form is restored by its 
elasticity. ( The pans, and even the lines by which they 
are suspended from the beam, should be of platinum. 
The instrument ought always to rest under the protec- 
tion of a glass case. The weights also should be of 
platinum, as not being liable to oxidation or corrosion, 
and admitting a ready purification from grease and dirt 
by exposing them to u red heat. 

Balloon. A large glass globe used as a receiver, 
having a short neck adapted to the reception of the 
beak of a retort. See Plates, Chemistry, fig, 1. 

Barometer A general description of this instrument 
will be found iu Pneumatics and Barometer. 

In the Laboratory it is essential to ascertain the at- 
mospheric pressure during any quantitative experiment 
on a gas ; as, without such observation, we cannot 
know the real rnadfl of uny compressible fluid confined 
in a vessel <of given capacity. There is, however, 
another important' consideration attendant upon this 
problem ; for, supposing both the volume of the gas, 
and the atmospheric pressure, the same in two cases, 
yet if the temperatures ditfer, it is obvious that owiug, 
; to the very great change which h$at produces in the 
elastic force of gaseous bodies, the quantities in the 
two cases will not be the same.. • 

All experin4ent$, therefore, are 'referred to a standard 
pressure and temperature; and as they are necessarily 
made under great variety of circumstances, it becomes 
necessary to reduce the results, when so obtained, to 
what they would have Wen, had the standard pressure 
and 'temperature existed. The rules for this calc ul ad on 
will bfi |pwen in a subsequent part of this Paper* in de- 
scribing the Physical Properties of Gases. | 


tion. 


Bladders are frequently employed far the transfer of Historical 
gases. Those of the calf and ox are preferred; stop^ latrwlnc- 
cocks are fastened to the neck m as to make them air* , 
tight, and they are then fit for one. It has been 
attempted to cover them with a coat of oil-paint; this* 
however, soon cracks and peels off* Perhaps a delicate 
varnish holding caoutchouc in solution might beodvas- 
tageously adopted. Bags of fine silk thus varnished 
have been sometimes substituted for bladders. 

Blowpipe . For an ample description of this instru- 
ment, which belongs not to Chemistry only* see the 
word in the Miscellaneous Division of this Work. * 

Capsule. A small evaporating dish. 

Crucibles are vessels for containing substances that 
are to be exposed to very violent degrees of heat They 
are made of various fqrms, figs. 3, 4/5, 0* and 7. 

Some have lids, and some have not. The materials of 
which they are made are various, according to the pur- 
poses for which they are designed. Platinum renders 
on this occasion essential assistance to the Chemist from 
its infusibility in all finances, but it does not well 
withstand the continued action of alkalis, and, still 
less, that of one genus of salts, the nitrates ; and, if 
exposed without protection in a common coal fire, the 
vessel is frequently revered brittle, and spoiled by the 
arsenic and sulphur which is found in some varieties of 
coal. Pure silver Crucibles arc extensively used in the 
analysis of minerals, as they resist the action of alkalis; 
and though they are unable to bear more than a low 
red heat, yet that is amply sufficient for the Vmlyst’s 
purpose. Indeed it would appear, that even if the 
Crucible would bear it, little is to be gained by a greater 
elevation of temperature. In all cases, if possible, it 
is better that the platinum, or silver Crucible, be im- 
bedded in sand within a common earthen one : thus 
the heat is more gradually applied, and the crucible 
is protected from the immediate action of the fire. 

Crucibles are also made of iron, but auch are seldom 
used by the experimental Chemist. A very delicate 
and cleanly sort of Crucible is made of porcelain or 
Wedgewood ware, but these are extremely liable to 
crack, if either heated or cooled without great caution. 

In using platinum Crucibles care should be taken to 
avoid those substance?: from which Chlorine may be 
disengaged. Also not to fuse nitre, nor either of the 
caustic fixed alkuUs in them* for, in this case, a protoxide , 
of platinum is formed ar.d dissolved in the salt. Not 
to calcine in them such bodies as may leave a metallic 
residuum, such as the metallic salts from vegetable acids, 
nor mixtures which' 'may produce phosphorus. When 
such metallic oxides are calcined as have but feeble 
affinity for oxygen, (as lead, bismuth, copper, cohalt, 
nickel, antimony, &c.) the temperature must never be 
raised above a moderate redness ; for although these 
oxides are not decomposable per sc, their reduction may 
take place at a high temperature, in consequence of the 
affinity of their metals for platinum. In long continued 
eulcinations, the Crucibles must be protected as mud 
as possible from the immediate contact of the fuel; for 
the metal is very apt to receive jnjury from substances 
accidentally met with, though in small quantities in the 
coke or coal, os we have already remarked ; And even 
when these are the purest* silicon is present, which in 
the course of time unites with and injures the Crucible* 
by rendering it brittle* . 

For enduring a violent furnace beat, the common 
Hessian Crucibles, ma£e of dtey and sand, are to be 
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Chemistry, preferred ; the Cornish Cfrucibles also" are excellent ; they 
couttwV slightly acted upon by alkaline fluxes *»& 
vitrified oxides, but are, on the whole, the best for 
’ metallic reductions. In some cases, to prevent the 
* adhesion of the metal to the bottom of the Crucible, it 
is advisable to smoke the inside well over, a tamp, or 
even t o line the interior of the Crucible with pounded 
charcoal, made into a paste with a small quantity of 
linseed meal and water, The black-lead Crucibles are 

• made of that mineral and tine clay : they bear the most 

Violent heats, and are little disposed to crack, but 
they are quite unfit for retaining fluxes. Their priori* 
pul use is for the fusion of metals; and the larger 
Kinds are easily converted into most convenient port- 
able furnaces. 

DMUatorf Apparatu*. The process of distillation 
depends upon this principle, that by the application of 
bent many liquids, ami oven solids, may lie raised in the 
state of vapour, and again condensed when that vapour 
arrives in such a situation JLs to lose the heat which 
bad been communicated to tt. Thus a separation of 
pure from impure is effected. For instance, in the 
Laboratory *it is essential to have a copious supply of 
pure water. Now the common spring water is usually 
contaminated with earthy and alkaline salts, and with 
some mineral acids. To remove these, distillation is 
resorted to. Fig. 8 represents r* common Laboratory 
still. This instrument frequently forms a part of the 
range of furnaces underneath the open chimney, but it 
may with equal or greater convenience be placed over 
a portable furnace, as in the Plate, and in this form its 
construction will be more obvious. A is the body of 
the furnace, B its door. C the top, or lid of the furnace, 
is removed; and in its place is the body of the still 
fitting in like a pun to come over the fire. H is the 
head of the still fitting well to the body, and continued 
by a long neck D, which enters the worm tube at. F. 
E is the refrigeratory, a wooden vessel, filled with 
cold water, through which the worm tube passes and 
issues at G. Suppose the body of the still filled with 
pump water, anS* placed over the furnace ; as soon as 
ebullition commence*, the steam will proceed towards 

• (l, its only outlet: but in its passage thither, being 
condensed by the cold water surrounding the worm, it 
will issue in a small stream from the orifice G. 

• t , By the early writers the term alembic was given to 

• instruments for distillation, and is still employed by 
some. Fig, 9* is a representation of a very convenient 
form, in which the necessity for a worm tube is avoided ; 
and it may be used Either for distillation over the fire 

, immediately, or with the intervention of a water-bath. 

It. consists of fohr pieces j A is the boiler which fits into 
the top of a portable furnace, as far as the projecting 
shoulder A. At E is an opening closed by a cork, 
through which additional supplies of the liquor to be 
distilled may be introduced without disturbing the up- , 
pafatua. B is the water-bath, which sinks almost to 

• the bottom of the veaselA, and is thus deeply immersed 
in the hot water. This part is only occasionally fitted 
in tft distil such spirituous liquors as .do not require the 
greater heat of the fire, and, in fact, would be injured 

* by unprotected exposure to its action. C is the capital, 

or ptert in wjUch the vapour is condensed ; die form is 
conical, and a small channel runs round the bottom 
internally to collect the condensed fluid as it trickier, 

• down from the under surface of the-eflne.^ From this 
channel it is conveyed Into any| convenient vessel by a 



pipe terminating upper; I 

forms the bottom of die vessel J&$i 
stan ly full of cdM water for ■*&»';« 
vapour, and hence is {fob i 
water is let off by the stopcock 
warm, and a fresh supply is poured 
is left uncovered for the purpo^v^Thft 
made of tinned copper; and this alembic % 

great advantage over .the still before described, {ba^nll 
its parts may readily be cleaned ; while^ jf the atill Wlth 
the spiral worm be employed for attongly^peftifced 
waters, or volatile oils, it is extremely difticuit tp get it 
free from their contamination. Some t rouble is. cftftwd 
by the necessity of frequently changing the wfttfctrij* * 
the refrigeratory; and it is essential that the cone be 
made to taper upwards to a considerable bright, aa 
otherwise the drops are apt to fall back into the bailer, 
or body of the still. This form of the instrument is, 
probably, more ancient than the spiral condensing 
worm, as it is only an improvement upon the simple 
alembic of the Alchemists. » 

Fig. 10 represents this last-mentioned instrument 
It consists of two parts, the cucurbit A, into Which the 
substance for distillation is put ; and B, the capital, or 
part wherein the vapour is condensed ; the neck C of 
the cucurbit fits into the capital and round the rim of 
the latter at D D : there is a channel in which the liquor 
frfim the top of the capita) is collected and carried by a 
pipe E into the vessel destined for its reception. Some- 
times the whole is of one piece, and in this case there 
is a stopper at F for the admission of the liquor to be 
acted upon. Silver or glass are the materials of which • 
this instrument is usually formed, and it may be con- 
veniently used over a lamp, or in a sand-bath. The 
bottom of the cucurbit, if made thin, will bear a con- 
siderable heat 

The most simple, and, for Chemical purposes, the 
most common, apparatus for distillation, is the retort 
and receiver. 

The retort, is either plain (fig. 11) or tubulated, 
(fig. 13,) u/td fitted with a ground stopper at the top. 

A is tlie body for the reception of the substance, B is 
the neck, and C the beak which is fitted into the neck 
of the receiver, (fig. 12.) In some cases, also, luting 
is applied to keep the vapours enclosed within the 
vessels. Retorts are made of different, substances ; ins 
lead, porcelain, earthenware, and glass ; the latter iflay 
conveniently be used over an Argaud’s lamp ; and will, 
if good, bear any heat below that at which glass fuses. 

When the plain retort is used, a long funnel, (fig. 
15,) called a retort % funnel, is extrefhely convenient for 
pouring in a liquid without wetting the neck of the 
retort, ' • 

The receiver (fig. 12) is the Vessel into which the 
distilled liquid drops from the beak of the retort; and 
,iii some cases to effect the entire condensation of the 
vapour, it is necessary to keep, the receiver immersed in 
cold water, or even in a freezing mixture* 

The adopter (fig. 14) is employed to prolong the 
distance between the retort and receiver.* The beak of 
the retort is inserted at one. end, and the beak, ordinal! 
end of the adopter, in a ‘similar manner, enters the 
mouth of the receiver. These vessels ure usually made 
bf glWHV v * Y 

Fig, 16 represents a vdry convenient little retort 
easily made from a piece of glass tube, and which may* . 
if necessary, be called the 'tnhe^tort , 



ChemiKlty 


#00 


‘CHEMIST R Y. 


JOS Wiping Brittle. A common bottle of any sort with 
a Itike passing through the cork, having a capillary 
wjefMUb" Tbfa fa a «fa&jft usefid little instrument; as it 
fa obvious, that if the bottle be half fail of distilled 
water, and held in the hand when inverted, the expan- 
sion of the air from the warmth of the hand will propel 
tile liquid, drop by drop, from the orifice of the tube, 
,;0ee fig. 17. * 

Drr wring Tube. This is represented in fig. 18. It 
Is usefiil to add gradually any liquid reagent to a solu- 
tion; for the lower orifice being extremely small, the 
tube may be filled by Kicking the air out from the larger 
end, find the finger applied to the orifice from which 
tile mouth is removed, prevents the escape of the liquid 
from the tube, until it is brought to the vessel for which 
it is ^signed ; and when there, regulates to a drop 
ihe 'quantity suffered to descend from the tube. 

Drying Instrrrment for Precipitates in Filtres. A 
(fig, IS?) is an Arginui lamp, B is a vessel containing 
water to be boiled by the 1am]), with a sort, of chimney 
by tile side for the escape of steam. C is a glass 
vessel, which, resting on a rim, sinks into the water ; 
and witnin this conical glass the filtre to be dried is 
placed, 

Eudiometer. Of this instrument there are several 
kinds ; the earliest was employed by Priestley, in con- 
sequence of his discovery that nitrous gas absorbed 
oxygen from atmospheric air, and produced a substrfhee 
absorbable by water. This method will be described 
hereafter, but for the experiment itself a graduated 
glass tube is sufficient, with another smaller one of 
known capacity, by which to measure the quantities of 
the respective airs submitted to experiment. Fig. 20 
represents Priestley's instrument. 

Volta* s Eudiometer consists of a very strong glass 
tube, uboyt seven inches long, open at the lower end 
only, and graduated into hundredths of a cubic inch, 
(fig. 21.) Very near to the top of the tube a short 
piece of wire passes through, and is cemented into each 
side of the tube, leaving a distance of about ^th of 
an inch in the middle ot the cavity of the tube between 
their two ends. When a mixture of gases, that may be 
united by the electric spark, is confined in this tube, one 
of the wires is connected by a chain with the outer coat- 
ing of a charged jar ; then if the glass knob be brought 
iqto contact with the other wire, a discharge takes place, 
causing a strong spark to pass between the ends of the 
wires within the tube, and thus the union of the gases 
is effected. The French close the lower end of this 
Eudiometer with a stopcock, and give a more compli- 
cated form to theVhole instrument ; but it is thereby 
rendered more liable to be burst by the violence of 
the explosion. Iti England the Eudiometer generally 
stands over the merfcurial trough at the time of an ex 
periment, and is supported by an iron clamp, which 
by means of*a spying' allows of some elevation at *1 h 
moment of the explosion, but not. so much as to raise 
the tube above the surface of the mercury. It is an 
advantage to be able to sink the Eudiometer down into 
the fluid, so Chat the exterior portion may he on a level 
Witty, that on the interior of the tube, otherwise a calcu- 
iation is necessary. 

» 'To these instruments we must recur hereafter when a 
greater knowledge of Clicmical agentn rqay make their 
U 9 $,vnore intelligible. Fig. 22 is Dr, Hope's Eudio- 
meter | :fig. 23 is Mr. Pepy's ; figs ‘24 and 25 Davy's; 


and fig. 26 is a graduated glass tube as Employed % 
Berthnllet ‘ ‘ ,V f ; ‘-v; 

Evaporating tit era generally made, 

of Wedgewood’s ware, dtber in tfie form of shallow 
pans, (fig. 27 } ) ot segments of * sphere, (fig. 28;) for 
some purposes dishes of copper, platinum, or silver, 
may be employed ; and for minute experiments a watch - 
glass* is a most convenient Vessel. 

Files. Of these different sorts are required, but 
especially the three-cornered file far cutting a small 
notch in glass tubes, after which they easily break in the 
place required. Also the kind called Rat s- tail, as With 
these perforations are readily made in corks, through 
which glass tubes have to be pnssedt 

Filtre. The process of filtration so generally 
known as to render all description unnecessary. For 
some purposes a vessel made of porous stone is em- 
ployed, or even a jar with a stratum of sand at the bot- 
tom. Hair sieves, flannel bags, and muslin, or a piece 
of tow in a common tunnel. For all delicate purposes 
in the Laboratory a piec$ of unsized paper h preferable. 
If the filtre is large it must be folded into a conical 
form, and pluced within a glass tunnel, but in all cases 
it is advisable to uvo’d the use of filtres as much as 
possible. The objecrof filtration is generally to obtain 
a precipitate, that it may be dried and its quantity ascer- 
tained j now' it is scarcely possible to remove the w'hole 
of the filtered substance from the paper without loss ; 
and if the precipitate be dried upon the filtre, unless 
the paper be reduced to exactly the same slate of dry- 
ness as at first, a fallacious weight is introduced. In 
most cases a precipitate will in a reasonable time sink 
down to the bottom of a fluid with which it is mixed, 
and the clear supernatant liquid may be drawn off by 
a sucking tube, (fig. 18 ;) but as a paper filtrer is 
sometimes necessarily employed, the following artifices 
are not without their utility. 

From the same sheet of paper make a double filtre, 
that is, one filtre fitting within another. Use both 
together, and dry both together, Then take the one 
containing the precipitate out of the other, and by 
placing the empty one in the setfle which contains the 
weights, u counterpoise is obtained, and all further cal- 
culation rendered unnecessary. 

Sometimes the precipitate iff to L be dried at a red heat ; 
and although the ashes remaining after the combustion 
of a small filtre do not'amount to more than -$$th of a 
grain, and might easily be allowed for, yet frequently 
the precipitate is of such a nature, that the carbonaceous 
matter would at a fiigh temperature produce decompo- 
sition. Perhaps in such a case the fqllowing method 
is as short as is consistent with accuracy. 

Use the double filtre as before. Reduce the whole 
to such a state of dryness as may leave the precipitate 
state coherent, but not pasty. By separating the filtres, 
«nd using one as a counterpoise to the dlhei^ the weight 
of the precipitate in this state is known. Let thi# weight 
=2 a . Detach, some of the precipitate from the filtr^ 
and put it into a platinum crucible, carefully ascertaining 
the weight of the quantity so introduced. Let this 'se 5. 
Subject the crucible audita contents to the required 
heat, and again ascertaining the weight of ^he precipitate 
now it is thoroughly dry, let this weight 4s then H 
is evident from proportion that the weight of the whole 

precipitate, 4 siy>*p<tsiug it go dried* as &£*£■< 
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Clwmtarjr. . When the quantity <Jf fluid to be filtered h very 
*3i eateiU ^d the deer liquor is wanted for experiment, it 
i$ advisable to moisten the filtre first with distilled 
' . water, to compensate for the moisture which ; it will 

absorb. 

Flasks . Pigs# 29, SO, and 8 J. are of the common 
form and of white glass ; they are principally used for 
forming solutions in acids, watery &c. The common 
flasks in which Florence oil is sold are the best that can 
be procured ; they will bear a heat approaching to red- 
ness without iqjury, and always form a serviceable and 
cheap resource for the experimental Chemist. 

Furnace. In the construction of furnaces there is 
great variety ; the ^following, however, are some of the 
most useful, but in the processes of modern Chemistry 
lame furnace Aire much less called for than formerly. 

The Evaporating Furnace* or Sand-bath* Fig* 32 
represents a front section of the furnace ; A, the ash- 
bin ; B, the grate ; C, part of the flue 5 E, the sand 
containing an evaporating di2h at F ; G, the place of 
the ascending flue. Fig. 33 represents a vertical sec- 
tion, perpendicular to the former. The other parts 
correspond; but it is to^be observed, the flue C, after 
running along the front, returntaagaiu, and is carried 
along the back, as at D, before? it rises to form the 
chimney G. 

The Blast Furnace is variously # made, but fig. 34 is 
on the whole the most convenient. “A is the internal 
cavity for containing the fuel and crucible, it is slightly 
bevelled downwards, as in the figure, to allow of the 
fuel sinking down as the lower part is consumed ; B is 
the flue passing into a hot chamber ; C, an appendage 
particularly useful for drying luted crucibles, or raising 
them gradually to a proper temperature for the furnace, 
for roasting ores, and various other purposes ; D is the 
flue connecting it with the vertical chimnt*y E, wuich, 
to produce a strong heut, should be 30 or 40 feet high ; 
F F are covers, consisting of twelve-inch Welch tiles, 
with handles; G, the Stoke-hole, through which no 
more of the fire is seen than what appears between the 
grate and the bearing' bar H, this space is left for the 
purpose of raking tfio fire, or occasionally taking out 
the bars ; K is the ash* pit, which is sunk below the 
level of the ground, and is covered, when it projects at 
L, by an iron grating.** Henry. 

„ The Reverberatory Furnace. “ Figs. 35, 36, and 37 
represent the section and plans of a Reverberatory 
Furnace. The fuel is contained in an anterior h re- 
place, and die substance to be exposed to the heat is 
placed oil the floor of another chamber, situate between 
the trout one and chimney. The flame of the fuel 
passes into the second compartment; by the form of 
which it is concentrated upon the exposed substance, 
which is never confined in a separate vessel or crucible, 
Lut placed on the floor of the furnace. When minted 
to a state of fusion, the melted mass is allowed to flow 
out through the tap-hole at H. In all three figures, A 
represents the ash-pit 4 B, the grate composed of 
movable bars ; €* the door at which the fuel is intro- 
duced; D, a (loot hi foe side of the, chamber fur the 
purpose of inspecting the process ; E, the floor of the 
furnace, vthidi descends and is gradually contracted 
towards thetSwk part ; F, another door, for introducing 
and stirring the materials; G , the back part of (he 
lumace, immediately under the chimney ; II, the tap- 
hole; I, the chlsfo^ ", (Henry's CkmtiMn/.) . 

The Forge, as died in ivory blfCksmitlA shop, gives 


a very intense heat, on&ftimn a vaJtufote pari jrf every 
well appointed Labo^ato^# *; ■ ‘ 

The Assay Furmce 

of that art only^ and lannh - In 

research, we refer to the Arifcte M. that iuibjeyfl mttu? 
Miscellaneous Department. ./ V. .y, ■* , ,■ V»/.- 1 

Knights Portable Furnace is one of the most uadii#), 
as it may be applied to a great variety of purposes; It 
is made of sReet iron, and lined with fire clay. 1 

A is an aperture, with a movable atopper ior tbc neck 
of a retort in distillation; Bis the floor VC* jmofoet: 
aperture, corresponding to one on the $ther side* for 
introducing a porcelain tube if necessargl I) ie the ash* 
bin, with a sliding register to regulate the draught. > 
Aikins Portable Blast Furnace is formed from the 
common black-lead crucibles used by the goldsmiths. 
In fig. 39, the lower piece C is the bottom on one cut off 
so as to leave u cavity of about one inch in depth. 
The middle piece or fire-place A is formed from another* 
and a third is inverted, and placed upon the centre 
piece at B ; a hole i* cut for the escape >f smoke,; the 
pipe of a pair of double bellows is inserted at F, and 
from the cavity in the piece C the air passes 'through 
six gimlet holes to the fire ; on a stand, resting in tire 
Ixitiom of the furnace, a crucible is placed, as seen at 
X. This furnace, if supplied by the steady action of a 
good pair of double bellows, produces a prodigious 
Lett, and is certainly one of the most economical and 
effectual furnaces in the Laboratory, By a slight altera- 
tion it inay be adapted to the purposes of assaying. See 
Henry's Chemistry , vol, L p. 446. 

Common Crucible Furnace . The same kind of ern- , 
cible, with a small kind of grate loosely fitted in, sn ns 
to give room for a sort of ash-bin beneath, and having 
a hole, as at A, fig. 40, for the pipe of a pair of bellows, 
will be found of constant and essential scriice. 

Gasometer. An instrument for containing gases, and, 
as the name implies, for measuring their volume. Of 
the common gasometer, fig. 41 represents the vertical 
section. A is a hollow cylinder of sheet-tin, entirely 
open at the bottom, and sliding freely up and down 
between the sides of the fixed cylinder B and the ex- 
terior of the gasometer CL D and E are stopcocks at 
jhe mouths of the tubes, which run down the sides of 
the vessel, and, uniting in the centre, reasceud to F, thus 
forming a communication with the interior of foe in- 
strument. Water is poured in at the top, and, by inspec- 
tion of the figure, it is obvious that the water will rise 
from the bottom P Q, until it readies the level of the 
dotted line D E, filling only the space hetween the 
cylinder B and the .exterior surface t»f the gasometer; 
u circular ring of about one inch in breadth Thus, all 
communication between the gas ttr A and the atmo- 
spheric air is cut off. By opening either or both the 
stopcocks, D and E, and pressing down the cylinder A, 
Ilia air is driven out, arid by the same apertures any 
other air may be introduced. The volume of air con- ; 
tnined is shown by the graduated line on tile side of the 
movable cylinder. G, are weights running on pulleys 
for counterpoise. F is ft cavity, in which Ft is some- 
times convenient to put* solid substances capable of 
abstracting certain impurities from the gas contained in 
the vessel. 

‘ Pfip#\ Gasomqter* or Gasholder^ consists of a japanned 
iron or copper vessel, fig* ’42." A is the part which 
contains .the gas, 'and commonly holds six or eight, 
gallons. ’Q.is a cistern ’for bolding water, having twp 
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'■CWmiitry. ' tttofcft , Into it These tubes, furnished with 
picuwfekt : lute seen at € anriTJ underneath the cistern, 

, > 0* reaching nearly to the bottom of the 

Veis*^ the other tube C opens into the tower vessel A,, 
bift ie not continued downwards. In orderto fill this 
vessel with water, the aperture F is closed with its 
; the stopcocks C, I), E being all open, waUr is 
poured into the cist eru above, which descending through 
tile tubes C and D, forces out the air from E. When 
the gasholder is nearly full, the stopcock E must be 
. closed, fmd the small remaining quantity of air will 
eacapethrough C until the vessel is quite full, when the 
# stopcock must be closed. To fill the vessel with any 
ga$, as oxygen for instance, an iron bottle, containing 
f manganese, is put into the fire, and the stopcocks 
being closed, the aperture F is opened, and the end 
, of a tube passing from the iron bottle is introduced. 
It is obvious that as soon as an evolution of gas takes 
place from the end of the tube, it will ascend to the 
top of the gasometer, and the displaced water will 
eseapetot F. The tube G is of glass, and opens at top 
and bottom into the gasometer, and of course serves to 
show the level of the gas at any time. Bladders may 
be filled at E, or jars, if placed in the trough over the 
orifice C ; but previously to nil such operations the orifice 
F must be carefully closed. The funnel screws on at 
B, for the sake of increasing pressure when a bladder 
is to be filled, or the instrument converted into a blow- 
pipe by screwing a jet on at E. 

Gasometer for producing a uniform Pressure. The 
gasometer, fig. 43, is taken from Biot’s Physique, and 
f either the same, or one on a similar principle, will be 
found of great service in many experiments on the 
gases. 

Let ft vessel B be furnished with tubes and stopcocks 
at S, It, and o. Let there he a communication by the 
tube Z (having a stopcock at O) with the vessel A, 
having apertures at F and T, the former fitted with a 
stopper, and the latter having a tube open at both ends. 
This flat top is cemented to the vessel A. Now sup- 
pose the cock at O closed, and that the vessel A is filled 
with water through F, which is then closed with its 
stopper. If the cocks S and o be shut, and those at R 
and O be opened, the water, descending, will drive the* 
air through the tube at t, and this current of air will 
issue with a uniform velocity ; for, by a well known law, 
it will at all times be subject to the pressure of a column 
of water, extending no higher than the point II, wherever 
the surface of the water may be in the vessel A. Of 
course it must no^ descend below the point H. The 
extremity of the tube Z is made to bend upwards in the 
vessel B, to prevent s thc air rising through the descend- 
ing fluid into the vessel A. 

To fill this gasometer with any gas, let us suppose 
the common air all driven out through R, and the vessel 
B filled with water. Close O and R. Affix a bladder 
’ containing thf gas to ir, which tube descends to the bot- 
tom of the vessel at A. Open the cocks at S and o , 
and, as the gas enters the vessel B, the Water will issue 
at the orifice 6, till the cock S be closed. In this state 
. tlie instrument is extremely .con venient for burning com- 
gases from jets fixed at R, for the cocks S and 
0 tulng closed, by opening O a uniform current of gas 
is a^S^gred as before. It will easily be rfcen /that •the 
necessary, he transferred to one or more 
H as represented in the plate whereiif the 

letters A, B, F, H, 0. &e. represent the 


same c&itesponding This Historical 

apparatus provides % cpnv&jjieai mfethod for subjecting h^oda* 
gales to intense cold if the eonoh . * >on ' . 

munication be made between Jt *hd S,by the tube 4 " 

this tube may be passed through a furnace or other 
convenient apparatus, and by the totervent^ioii of a third 
vessel B, or the removing toe former one B, the gas 
may be passed through toe tube as often as i» required. 

Fig. 44 is the outline of a similar apparatus, in which 
the gas is preserved from the contact or water by passing 
backwards and forwards through toe tube t $ from blad- 
ders at its extremities. Here B is, at first,. full of air. 

By the admission of water and opening the cock at R, 
a current of air is driven into C, which, compressing the 
bladder, propels the gas through the tube V V, into the 
other bladder. By a similar application Of the gasome-* 
ter B", the gas may be driven buck again to C, and so on 
without limit. •' 

The Graduating Tube is, a tapeVglass tube, fig. 45, with 
a capillary orifice. Suppose that it is required tq gra- 
duate a glass measure into cubic inches, or tenths, or 
hundredths. The weight of such a given volume of 
mercury is easily obtained by calculation ; this quantity 
is then carefully weigtyid into a glass capsule, and from 
thence either poured w sucked into the tube. The 
height M, at which it stands in th$ tube, is then marked 
with a file, and by successively filling the tube to this 
mark, and then transferring the contents to thh tube to 
be graduated, marking it at each time, any number of 
the required degrees may be obtained. 

In this process let s be the specific gravity of the 
mercury employed, and as at the temperature f>2° F., a 
cubic inch of water weighs 252,458 grains troy, it follows 
that if our graduation required were ^ -> „ of a cubic inch, 
we must take a weight of mercury equal to 2,524 5Sx* 
grains, to form the standard division upon our gra- 
duating tube. 

Jars . Of these Pneumatic Chemistry will require an 
extensive assortment ; they are of glass, and of ditferent 
sizes ; some are graduated, some are got : the method 
for graduating these, is identical wijh'that employed for 
measures. . • 

Knives. The common pallet knife of the painters, 
and other similar instruments made of horn or bane* 

Lamp. The kinds employed jn the Laboratory are 
the lamp in which spirit of wine is burned from a cotton 
wick, or from a wick nrAde of a faggot of fine brass 
wire ; figs. 4d and 47. The former is of glass, the 
latter of japanned tin. Fig. 48 represents Argand’s Oil 
Lamp in its most common form. In this well kqown 
and excellent lamp the wick has a circular form, and 
thus allows a current of air to pass up through the # 
centre of the flame. The combustion in rendered so 
perfect, by proper management, as to allow of no de- , 
posit of lamp black on the vessels exposed to its flame. 

Fbr effecting solutions in flasks, for distil&tiohs in small 
retorts, and, indeed, for every experiment to be con- 
ducted on a small scale, this is an invaluable instrument 
in the hands of the experimental Chemist. 

Professor Daubeney, of Oxford, ‘speaks highly of a 
portable gas lamp, and such we have seen; but, as yet, 
this sort of lamp is not in general use. p 

Lirtes and Cements, Lutes are cementing substances 
applied to the joints of Chemical apparatus, especially 
retorts and receivers, to prevent the escape of volatile 
matters: 1% i* sometimes necessary to smear oncost * 

,, ihe surfltces of retorts a* tohe* 
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Chemistry, to protect them from the action of a strong fire. Ce- 
J ments are of essential service in the Laboratory to join 
broken vessels, and to assist in constructing the endless 
variety of apparatus employed in Chemical research. A 
few, therefore, of the most useful kinds of each will be 
described. 

Fat Lute is made of good clay, of which, perhaps, 

* that used by the pipe-makers is the best ; it should be 

well dried,(but, according to Thenard, should not be 
calcined, )finely powdered, and sifted. It is then to be 
gradually mixed, and beaten up with drying oil. The 
more beating it receives, the better is its quality. The 
quantity of oil is 40 he such as to make the lute of the 
consistency of glazier’s putty. It resists well the action 
of corrosive vapours, but, of course, does not bear much 
heat. In a closed earthenware vessel it will keep long 
uninjured, which greatly adds to its convenience. 

Linseed , or Almond A/ea/, or any coarse farinaceous 
substance, if formed into 11 paste with water, or, what is 
still better, dissolved starch, rflr weak glue, will make an 
excellent lute : it should he bound round with slips of 
moistened bladder, or bits of rag. This is, perhaps, 
the most convenient lute of nny| but its combustibility 
limits its application. 

Lime forms the basis of some valuable lutes and ce- 
ments. Let a lump of quick linJe be partially slaked, 
by being once dipped in water, and then suffered to fall 
to powder : n thin paste formed of this with strong glue, 
or the white of eggs, is very tenacious, and sets with 
great rapidity, especially if some more of the powdered 
lime be strewed *over it. For joining glass tubes, re- 
tort*!, and receivers, and other such purposes, a rag may 
be dipped in the glue or white ot egg, and wrapped round 
the \ esscl : the lime being applied afterwards. 

Lime and fine brick-dust, formed into a paste with 
blood, will make a cement, having a considerable power 
of resisting moisture for coarse purposes. 

A simple and excellent method for joining glass ap- 
paratus, is hy shaking slips of bladder in warm water : 
the bladder then *thjrkens, and if smeared with paste or 
white of egg, will chAcly adhere Linen rag and paste 
may, sometimes, be similarly employed. The cements 
of lime have I his advantage, that they may be applied 
instantly to any accidental crack: and thus, by careful 

• • management, the vexation and loss of beginning an 

operation anew is avoided. ^I'liey bear also a consi- 
derable heat without injury. 

Fire Lute k appljpd to retorts, or tubes, when it is 
necessary to subject them to a strong heat, by which 
they might otherwise fuse or fall together and lose their 
shape. It is prepared by beating clay with as much 
fine sand as* can be employed, without destroying the 

• tenacity of the mass: old crucibles pounded are better 

than the sand; and chopped hair, or straw, or tow, must 
be added In sfnall quantity. Such a lute is applied*to « 
the interior of iron furnaces, to protect the metal from 
the action of the fire. The lid 4 * >f crucibles are cemented 
on, when required, with this compound. One thing is 
important, that tlie coated vessel be sufi’ered to dry 
thoroughly, before it is subjected to the action of the 
fire. I 

Fimble Lute is of service chiefly to counteract the 
porosity of earthen retorts, or to fill up the cracks by 
which they arc too often impaired. % The following is 
recommended for this purpose, {llfyerfyjqj of' Art .t, dec. 
vol. i.) “ Dissolve one ounce |f bqrax in half a pint of 
baling water, and afld as much slaked lime as will 

von. iv, # •• 


make it into a thin paste. Spread it over the retort 
with a brush, and, when dry, apply over the whole a 
lute of slaked lime and linseed oil, beaten till it is per- 
fectly plastic. This becomes dry in a day or two, and 
the vessel is then fit for use. Stoneware retorts may 
thus be used several times with safety, (always renewing 
the oil and Ijme lute,) whereas, in the common way, and 
even with the day and hair lute, they generally crack 
when cooling, or on being heated a second time.* 

The following composition is rveornmenrled by Aikin 
for joining on the covers of crucibles, or other such pur- 
poses, where it is required to keep tha vessels air-tight 
when hot. “ Brick-dust and clay, iqfine powder, are*to 
be mixed with a* tenth part of gluss of borax: when 
wanted for use, u sufficient quantity is to bo mired with 
water, so as to be conveniently applicable to the vessels. 
The heat to which they are afterwards exposed, brings 
the luting to a state of seinivitrification adhering firmly 
to the crucible.* 

Parker's Cement , made into a paste with water, soon 
sets ; it will bear a rod heat, and may be made air- 
tight by being brushed over with a melted iflixture of 
equal parts of wax and oil. 

Plaster of Paris. Put some water into a capsule, 
and keep sprinkling the powder into it. This cement 
may be made air-tight in the same manner us the for- 
nfl>r, mid is still stronger if mixed up with weak glue. 
It will hear a low red bent. 

Fusible Flares, tor coating tubes, retorts, &c. so as 
to glaze them, may be made by mixing any clay with 
one-tenth of it$. weight of borax ; a cream is to be « 
formed with water, which is to be applied with a brush. 

Stourbridge C lay , ground to a fine powder, makes 
with water a lute, capable of bearing u higher tempera- 
ture than any other English lute. 

A sufficient number oflutes have now been described 
for the Laboratory of the experimentalist; it remains 
then, under this head, ouly to mention some of the best 
cements. 

Hard Cement . That which is most extensively em- 
ployed, is easily prepared by melting together, in an 
iron ladle, five parts of resin, one of b os’ wax, and 
adding one part of very fine brick-dust or bole earth, or 
red ochre, or Venetian red. The compound is to be 
well stirred together; it may be poured out of the 
lswHe upon h greased stone slab, and, while warm, 
molded into sticks and kept for use. This cement is 
well adapted for joining glass vessels, or for stopping 
cracks. Ii resists moisture, but, of course, is imuble 
to bear beat or the action of spirits%nd oils. 

A still cheaper kind, for interior purpo^s, is made of 
six pounds of resin, one of red ochre, half a pound of 
plaster of Paris, and a quarter of a pint of linseCd oil. 

A heated iron rod is the most convenient mode of aj>- 
j living these cements, the first especially. 

Soft Cement. Yellow wax two parts, turpentine one ; 
part, with a little Venetian red to give 'colour. This 
cement may bf made plastic at any time, by working it 
a little in the hands, ‘and is extremely ronvetiient for 
rendering any apparatus air-tight, where heat js not 
likely to interfere ; also foi; reuderiug the stoppers of 
bottles perfectly air-tight. ' 

’ {Has*, or.preeioua stones/may be very firmly united 
by’ merely heating them sufficiently to melt mastic, 
which is to be applied (o the whole of the surface of frac- 
ture, anti .the two pieces pressed together so as to leave 
as little as* possible of cement jbetween. 


Introduc- 
tion , 
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Obemtatry. Cmutchouc , or Gum Elastic, is a useful substance 

when formed into tubes, or it serves to join glass tubes 
m together for the transfer of gases ; far this purpose there 
is a convenient sort manufactured in sheets by Mr. 
Hancock, Goswell Mews, Goswelbstreet-road. 

The labels are usually affixed to bottles by gum water, 
but for this purpose isinglass, dissolved in warm vine- 
gar, is preferable. 

Pasted Paper. This is a most convenient mode of 
• affixing labels, and also for stopping cracks in apparatus. 
Mr. Faraday has given a good receipt for preparing it. 

* Take equal parts* of powdered gum and flour, and add 
- * a little alum, make tfiis into a thin cream with water in 

r an evaporating dish. Keep stirring this mixture over 
u lamp it boils, and after it has boiled a few minutes 
it may be removed, and applied to the paper with a 
brush. The paper is then suffered to dry, and moistened 
for use as occasion may require. 

Those cements, which are employed for uniting me- 
tals, are termed solders , and, concerning them, u more 
particular Recount will be (bund in another part of this 
Work : but as the Chemist must frequently become his 
own workman, he will have, at times, to experience the 
great difficulty of making a solder unite with the sur- 
faces of the metals he wishes to join. In Galvanic 
t experiments, few surfaces, which appear to touch, are, in 
reality, in such contact as to allow of the conveyance of 
the fluid : hence it is frequently necessary to unite the 
wires by soldering. Copper and brass wires are pre- 
pared for receiving and uniting wilh common solder, 
by dipping them into a solution of nitrate of mercury : 
by this method they are rendered perfectly free from 
grease, and an amalgam is formed at the surface which 
materially favours the operation. 

Iron Ccmvntj such as is used for joining iron pipes, is 
not often required in the Laboratory. It consists of 
sulphur one part, .sal ammoniac two parts, iron eighty 
parts. The iron to be clean turnings in small bits, and 
the whole to be mixed up with a small quantity of 
water. 

Matrass. See Flask. 

Measures. The' measures of capacity mentioned in 
the writings of English Chemists, are the wine gallon ; 
its fourth part, the quart ; and its eighth, the pint, 
equyl to 28,875 cubic inches. Few modern writers, 
however, make use of any measure of capacity f ir 
gases, except the cubic inch, which forms, undoubtedly, 
the mOst Scientific unit. 

The following relations are, however, important, as 
they form part of the Parliamentary regulations enacted 
in 18:25. 1 ^ 

The jxniiid Troy contains 5760 Troy grains. 

The pound Avoirdupois contains 7000 Tioy grains. 

The Imperial gallon contains 277,274 cubic inches, 
or 70000 grains of water. lienee the pint contain^ 
<34 ,66 cubic unties very nearly, or 87*50 Troy grains of 
water. 

The cubic inch of water == 252,458 Trbv grains. 

The cubic in&h of mercury rz: 3125,35 Troy grains. 

The standard temperature and pressure for the above 
being Thermometer F. 62, Burometer 30 inches. 

It may be convenient to remember that to convert 
old measures to the Imperi d. standard, ■ «■' " 

Multiply by 0.9(5043 in corn measure. 

Multiply by 0.83311 in wine measure. 

Multiply by 1.01704 in ale measure, *' * 

' And to convert the Import, al into the old measures* 

'' < i 1 


IS TRY,* 

«> 

Multiply by 1.03153 in corn measure* , HutcnVai 

Multiply by 1.20032 in wine measure. ^lntroduc. 

Multiply by 0.9B324 in ale measure. * io fL 

The accurate graduation of measures for gases Util **** 
liquids, is of great importance to the practical Chemist : 
and for this purpose a very convenient instrument has 
been already described. See Graduating Tube . 

When a jar only partly filled with any air is stand- 
ing over the pneumatic trough, it is evident that the 
air within is not under* the full pressure of the atmo- 
sphere, and therefore has its volume enlarged. To 
know the actual volume under a mean pressure and 
temperature, a calculation is necessary ; (see Barome- 
ter in Chemisthy ;) but supposing a jar to be immersed 
always to the same depth in the trough, say? for example, 
one inch ; then, if it be first filled with water, and suc- 
cessive equal measures of air be admitted from a 
smaller vessel, the jar may he tolerably accurately 
graduated as far as pressure is concerned ; and in this 
case, it is evident that tlfe divisions will decrease in 
distance from each other, proceeding from the top of 
the jar. Had the jar been graduated by equal volumes, 
as a tube, it must have* been sunk to such a depth in 
the water, that the fluid within and without might be 
on a level before any correct estimate of its contained 
air could have been obtained. 

Mortals. Of this utensil there should be in the 
Laboratory several kinds. A large bell-metal on*, of 
Wedgewood’s ware, several sizes, fig. 49. A small iron 
one with a turned cavity. These are so well known, as 
to require no further description. Fig. 50 represents 
what is called a diamond mortar. It is used to ahwitle 
substances, without allowing any particle to fly otf in 
the operation. 'This mortar is made of hardened steel. 

The pestle is a , a solid cylinder turned so as to fit the 
tube U accurately, which tube is exactly fitted to the 
cavity c of the rnortar. 

Fig. 51 represents a section of the agate mortar and 
pestle, employed for reducing hard mineral substances 
to an impalpable powder, for analyses’ after they have 
been broken down in the- diamond mortar. 

Mujfic. . Fig. 52, « sort of small oven made of cru- 
cible clay, for the protection of euppels when placed in 
a furnace. 

P/iiah form, of course, a part of the furniture of the 
Laboratory. There is a kind with a gless cap fitting 
closely over the common stopper : very convenient for 
inther, acids, and other liquids producing volatile or 
noxious vapours. * 

Pneumatic Trough . A vessel calculated to contain 
water or mercury for the confinement of gases in 
Pneumatic Chemistry. The water trough may be thus 
constructed, (fig. 53.) A B is a rectangular vessel of 
tin or of tinned copper plute, in a wooden frame, and 
standing on four legs. At. the part C the depth of the 
trough is not more than 2 £ inches, and on this part the 
jars stand when in use. The pa'rtl), however, is 10 of 
12 inches deep, with a shelf E whereon to rest the jars 
during the operation of filling ;* and to facilitate this 
purpose, there are small holes having inverted funnels 
beneath ; under which the beak of one or : lore retorts 
may be placed. 

The mercurial trough may be formed by holloaing 
out a piece of close-grained wood : but the most com- 
plete are Vnudfe pf cast iron, and sold at the shops ot 
the Philosophical instruifteiit makers. 

Proof, • a sort of small 'into which a curved 
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Chemistry, tube is fitted by {finding. They are plain, fig. 54, or 
tubulated, fig. 55. For obtaining small quantities of 
gases, they form a convenient apparatus. 

Receiver . See Distillatory Apparatus, 

Retort. See Distillatory Apparatus . 

Sand-bath, A vessel containing heated sand, into 
which retorts and flasks are immersed for evaporation 
or distillation. They thus receive an equable tempera- 
ture, and are protected from the immediate action of 
the fire. The sand-bath may be fitted to the top of a 
portable furaucc ; or, if large, may be heated by a fine, 
and thus form a part of the range of furnaces in the 
Laboratory. m 

Scissors and Shears , of various sizes, for cutting wire, 
plates of nietjft, &c. &c. % 

Sieves of muslin and hair, of different degrees of fine- 
ness. 

Soils . Davy’s instrument for the examination of, 
fig. 56. * 

Syphons : for drawing off tl*c clear liquor from above 
precipitates. 

Tubes of glass, porcelain, platinum, irou, caout- 
chouc, Ac. &c. I 

Tubes graduated: are generally about half uu inch 
in diamotei, and about a loot long : they are used in 
delicate experiments on gases, awd are commonly di- 
vided into parts of a cubic inch, by a method already 
explained under Measures. 

Tube , dropping or sucking. This very useful little 
instrument has been already noticed, tig. 18. At the 
lower end is a very small orifice, which being introduced 
into the clear fluid from which a precipitate has subsided, 
by suction with the mouth at the uoper orifice, the bulb 
of the tube may be filled with fluid, and on closing the 
orifice with the tongue, the tube may be removed with- 
out the loss of one drop of the fluid. Thus, by repeat- 
ing the process if necessary, a precipitate may be ob- 
tained nearly free from 'all supernatant fluid, without 
occasioning any disturbance in it, and the objectionable 
use of a lilt re is lAojded. 

Tubes of Safety. •To guard against the effects of 
absorption on the one hand, or expansion on the other, 
the tubes of safety «r? employed. Figs, 57 and 58 
represent the two kinds. # Suppose the tube, fig. 57, to 
, be fitted by passing fhroogli a cork or cement into the 
tubulature of a g retort or Woirffc’s bottle; and that so 
great a pressure from the expansion of gaseous matter 
took place, as # to endanger the bursting of the vessel. 
In this 'case the bulb C is about bne-third filled with 
mercury, and as the pressure takes place upwards, some 
portion of the gas will escape ; but the mercuTy retain- 
ing its place, will suffer no return of atmospheric air to 
9 the vessel. 

Next, suppose that in a retort to which the tube, fig. 
58, is nffifted, % condensation of the gaseous contents 
takes place, so that absorption may be commencing at 
the beak of the retort, the cold fluid entering would in- 
fallibly break the vessel. But the bulb containing mer- 
cury, as in the former case, though differently arranged, 
will suffer some of the atmospheric air to ascend 
through tlie tybe, and thus restore the equilibrium. 

Fig. 59 represents a Woulfe’s bottle, Having a tube of 
safety, formed of a small glass tube, passing through a 
cork, and dipping half an inch below the surfuce of the 
1 fluid in the bottle • $ 


Tube transfirring : is not in Very general use, hut is, 
nevertheless, a convenient instrument, and is thus de- 
scribed by Dr. Thomson : , 

“ It is often necessary to transfer determinate quan- 
tities of gas from the water trough to the mercurial 
trough. This must he done without introducing any 
water along with the gas, except what may exist in the 
gas in this*Rtate of vapour. This is done with the 
greatest facility, by meaiiB of the tube represented in 
fig. 00, which was first used, wc believe, for the purpose 
in question, by Mr. Cavendish. This is a. glass tube 
open at both ends : but one of the extremities is bout 
round, and is drawn out into a fine capillary bore. The 
tube is graduated into lOuth parts of a cubic inch, and 
tile degrees should be made as conspicuous as possible. 
A good method is to fill the lines after they have ,fc been 
cut in the glass with black or red sealing-wax. When 
we want to transfer a given bulk of gas from the water 
trough to the mercurial trough, we till this lube with 
mercury, and shutting the end b with the finger, we 
introduce the end a into a glass jar standing over water, 
and filled with the gas to be transferred. On te moving 
the finger from the extremity b, the mercury fulls down, 
by its weight, into a vessel placed at the bottom of the 
trough to receive it, and the gas enters by the capillary 
extremity a to supply its place. When the gas admit- 
ted into the tube amounts to the quantity desired, (half 
a cubic inch for example,) we shut the end b with the 
finger again. We then withdraw the tube from the 
water trough and wipe it dry. The end b is now to he 
placed uppermost, and the end a introduced under the 
bottom of the glass jar (filled with mercury, and stand- 
ing over the mercurial trough) destined to receive the 
gas. On removing the finger, the weight, of the mer- 
cury in the tube forces out the gas. When it has ail 
made its way into the destined test glass, wc remove 
the tube ; and we may, in the same way, introduce an 
additional quantity of any other gas, till we have 
made up the intended mixture.* # 

Tunnels, of pewter, glass and Wedgewood’s ware. 
Glass tunnels employed for filtering, should have 
raised ribs of glass running from the top towards the 
lower orifice for the escape of the liquid. Without this 
contrivance, the moist paper adheres to the sides of the 
glass, and the process is very materially retarded. 
Sometimes glass rods, or bits of straw an* placed Re- 
tween the paper and the glass to answer the same 
purpose. 

Weights. See Measures. 

Woutfc's Apparatus is represented in fig. til. By 
an inspection of the figure, it will be evident that if 
A be a tube through which gas' is passing from a 
retort, for the purpose of being absorbed by the %ame 
or different liquids in the two tubulated bottles : the 
•vortical tube in the centre will prevent any liquid being 
forced from the seepnd bottle into the first, in case of ( 
absorption; the gas which does not combine with the 
liquid m the firtit vessel, will pass into the second, and 
if not there absorbed/ may pass into a tjhird similaily 
disposed, or to a. pneumatic, trough by the tube 

For further information, consult Faraday on Chemical 
Manipulations , and . an Explanatory Dictionary of 
Apparatus and Instruments ' employed in the various 
Operations of Chemistry , Lond. 1824, Also Aikin • 
Chemical Dictionary f 2,vols./4to. 
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Arrange* (1.) It may ‘be reasonably expected, that something 
meat. should here be premised with regard to the Arrange- 

ment that will he adopted in the following Synopsis 
of Chemical Science. The difficulties that imme- 
diately present themselves on commencing'such a task, 
are well known to every Chemist. We might, perhups, 

. safely shelter ourselves under the authority of some 
* well-known writer, and adopt the system which he has 

made use of. This, however, is not our intention ; but 
* we shall lay before our readers an arrangement which 
^ to us seems better adapted to the nature of this Work 
r than any that we could thus select ; not that we are 
confident of its being intrinsically better for all pur- 
poses, or that it ought to be generally adopted ; for we 
are fully convinced, that as the Science itself is only in 
a progressive state, and by no means advanced to ma- 
< turity ^future discoveries must greatly change, and may 

indeed altogether overturn those fundamental positions 
upon which all our existing Systems rest. We possess 
among the English, German, and French writers, several 
* excellent general Treatises on this subject ; but the fact 
of no two of these writers having adopted a similar ar- 
f rangement, must show that great diversity of opinions 
exist upon the subject; and that the voice of umvertul 
consent has not called any one Scheme to the post of 
preeminence ; and therefore cannot condemn a writer 
for arranging the Facts of this Science in whatsoever 
, order may seem to him best fitted for explaining its 
Laws and Principles, 

There is, however, a sort of presumption in favour of 
a Synthetic method of describing, first, all the Simple 
bodies, and then the Binary compounds, and next the 
Ternary, and so on ; to be derived from the fact, that 
Thomson, Thenard, and Berzelius, the three best 
Systcmatists, have all, more or less, adopted it. Our 
reason fbr departing from a plan sanctioned by such 
high authorities is this ; that as the properties of a 
Simple substance, which it is the Chemist’s province 
to investigate, arc, in fact, mainly developed in its 
power to enter into the combination of more complex 
bodies, the Principle of such an arrangement is per- 
- pctnally and necessarily violated. Thus, for instance, 

one of our most able writers professes to describe the 
Element Iodine; and, according to his System, Iodic 
Acid, a Binary compound, ought to appear in a dif- 
ferent part of his Work ; whereas he finds himself 
compelled to describe the Acid in treating of the pro- 
perties of tin; Simple base. This is no solitary case ; 
the properties of the more Complex substances are so 
constantly starting up before us as characteristics of 
their Elements, that the same evil pervades every por- 
tion of such a Classification. We admit that it. has, a* 
• less appearance of Philosophical arrangement, to de- 
scribe any ohe Elementary substance, and then to* 
pursue it through all its inorc/complex forms, for the 
production of, Proximate Elements ; hut we think that 
by sqch a method the properties are more readily stu- 
died in connection with each other, leaving less pro- 
bability of repetition or omission. All must have 
experienced the difficulty of hunting through |he pro- 
perties of one substance, described in several purls of 
the same Work. . 

Whatever be the truth in these particulars as referring 
to a complete Code of Chemical Science, f We* feel per* 


suaded that the Plan which we have here adopted is Intro- 
better suited to a Synopsis like the present, which must auction; 
be limited to a moderate magnitude, and having its 
peculiar characteristics as a Work of reference only. 

We profess to give a Summary of the properties of each 

known body ; and it is of obvious importance that 

these should be arranged in such a manner as to be 

most ready of access; but to extend the utility of our > 

pages we give also a series of references to direct the 

Student, who may wish to pursue, any research more in 

detail, to all that is valuable on the subject. 

(2.) As it happens with regard to some substances, Synoaynwi 
that either subsequent discoveries or differences of 
opinion on points of theory have introduced more than 
one name for the same substance, we have in such cases 
affixed the Synonyrne* to the head of each subsection. 

The Chemical Symbols for the Simple, and also for 
many of the Compound bodies, will he found from the 
Tables in the Appendix , but may, in some cases, be 
conveniently introduced kefore. 

Generally speaking, we refer the more complete de- 
scription of any compound to its second appearance in 
this Treatise ; thus i,'‘ A and B unite to form a Proxi- 
mate Element, we mention the combination under the 
Section describing A ; but reserve the description of the 
substance to the Section on B, for the sake of becoming 
acquainted also with the ordinary properties of the 
Element B ; but this rule is not quite invariable. At 
limes we find ourselves compelled to speak of the action 
of a substance, to which the Scheme may hitherto not 
have conducted us. In extenuation of this apparent 
dereliction from the just laws of System, we would urge 
that no reader is in reality so little acquainted with the 
Chemical Elements as not to know them by name when 
the word may occur to him. 

We have found it convenient also not to insert the 
Atomic Weights of bodies in the text, except fur some 
specific purpose ; but all these, as well as the Specific 
Gravities, will be given in a tabular form in the 
Appendix. 

(8.) In pointing out to the Student those Works from Cooks, 
the perusal of which he will derive the greutest advan- 
tage, we may be frequently understood as making our 
acknowledgments to those Writers to whom we feel 
under the greatest obligation for the assistance they 
have afforded us in arrasiging this Treatise. 

As the most Elementary Work, we recommend the 
Conversations on Chemistry , in two volumes Bvo, ; a 
much larger and more Scientific Work also in two 
volumes, by Dr. Henry . There has also been recently 
published a very good Work in one volume 8vo., by 
Dr. Turner ; ami Nicholson’s Chemical Dictionary , 
with additions by Dr. Ure , will he found to contain 
much useful matter. 

The four great Systems of Thom$07i, Murray, Thenard, 
and Berzelius , are all Works .of first-rate merit. The 
first abounds in valuable facts and extensive reference; ; 
the second is a Work containing much of the Philoso- 
phy of Chemistry, written iu ja very continuous and 
pleasing style ; M. Thenard has given extensive gene- 
ralizations, which are of the greatest importance ; and 
the last edition of the System of Berzelius, seems not 
unworthy of the reputation of that most distinguished 
and indefatigable Philosopher. The original is in 
Swedish ; a,ud we conclude that it is not yet completed, 
as we are in* possesion of only the first five half 
volume? of a German translation, which is published at 
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Chemistry, Berlin, and professes to keep pace with the original 
Stockholm edition. There is a good paper on Che* 
mical Decomposition in the Supplement to the Ency- 
olopadia Britannica, by Professor Thomson ; and his 
more recent Work, mi two volumes, on the True Atomic 
Weight* of Bodies deserves deep and attentive study ; 

• for upon examinations such as there described, must 
' rest all the claims that Chemistry can advance to rank 

among the exaot Sciences. Above all, let the Student 
in Analysis zealously labour among the pages of the 

• Philosophical Transactions and the Aimalcs de. Chimie; 
where he cannot fail of meeting with much to stimulate 
his curiosity, and *fo direct his processes. For Che- 
mical Manipulations , the Work of Mr. Faraday will he 
found to possess great value. *And here, as Books of 
great utility for general reference, we must name the 
third volume of Reuss’s Repertorium Commentationum ; 
Professor John’s Chemuche abdlen des Thierreichs t 
Berlin, 1814; and his Ckemisqfut Tab dim dcr Pflanzcn- 
Analyseriy Niirnberg, 1814. To these we might easily 
add others, but their titles may be readily collected from 
the references hereafter insertcd.| 

Scheme. (4.) The following is a Scheme of the order in 
which the Subjects of this Treatise will be arranged. 

« 

PART I. 


Chat. I. Imponderable Agent's;. 


& 1. Caloric. 

& 2. Light. 

{ 3. Electricity. 
§ 4 Magnetism. 


PART II. 

Cuaj*. 1. General Properties of Ponderable Matter; the true abject 
ot Chemical Science. 

General Physical Properties. 

General Chemical Properties — Nomenclature — Atomic 
Theory. 

Chap. 11. Nun-metallic (b-Unro-negativo 3 ) Elements. 

& 1. Oxygen, (Combustion.) 

J 2. Chlorine.# Suhscct. 1, Protoxide of Chlorine. 
Suosect. 2. Chloric Acid. 

Subject. 3. Hydro-chloric Acid. 

$ 3. Fluorine. Subsect. 1. Hydro-fluoric Acid. 

# S*bsect. 2. Roro- fluoric Acid. 

* Suhscct. 3. Silicodlnoric Acid. 

§ 4. Iodine. . Subsect, It Oxiodie Acid. 

Subsect. 2. Cliloriodic Acid. 

Subsect 3. Hydnodic Acid. 

# J 5. Bromine. # Subsect. 1 Brgmic Acid. 

9 Suhscct. 2. Hydro-bromic Acid. 

Crap. 111. Nori-nmullic (Eleuro-positivc?) Elements. 

& 1. Silicon. 

$ 2. ■Hydiogen. Subseet. 1. Water (Protox. of Hyd.) 

Subsect. 2. Dcutoxidc of Hydrogen. 

§ 3. Carbon ... Suhscct. 1. Carbonic Oxide. 

# # Subject. 2. Carbonic Acid. 

Subseet. 3. Cnrburelted Hydrogen, * < 

Sifbsect. 4. Olefiant G«*. 

• Subsoct. f). Riearburetted Hydrogen. i 

Subsoct. f>. Quadro-carburettod Hyd. 

• Subsect. 7. Naphtha of Coal Gas. 
•Subsect. ft. Naphthaline. 

,J4. Boron Subsect. 1. Boracic Acid. 

f ft| Phosphorus. Subsect. 1. Phosphorous Acid. 

Subsect, 2. Phosphoric Acid, 


& 6, Sulphur ... Sitfwect. 1, 
Subsect, 2, 
Subsect. 3. 
Subject. 4, 
Subsect. A. 
§ 7. Selenion,., Subsect. 1. 

Subseet. 2. 
} 8. Nitrogen... Subsect. 1, 
m Subsect. 2, 

Subsect. 3. 
Subsect. 4. 
Subsect. 5. 
Subsect. 6. 
Subseet. 7. 


Hyposulphurous Acid. 
Sulphurous Acid. 
Hyposulphuric Add. 
Sulphuric Acid, 
Hydrosulphuric Acid. 
Setenic Acid. , 
Hydroaelenic Acid. 
Atmospheric Air, 
Nitroui Oxide. 

Nitric Oaide. 

Nitrous Acid. 

Nitric Acid, ® 
Ammonia. 

Cyanogen. 


intrd- 

ducfloti. 


Chap. IV. Metallic (Electro-positive P) Elements. 


Class I. 


Class II. 


Class III. § 
$ 
$ 
$ 


1. Zirconium 

2. yttrium, 

3. Glycmum, 

4. Thonnum. 

5. Alluminum. 

6. Magnesium. 

1. Calcium. 

2. Strontium. 

3. Barium. 

4. Lithium. 

5. Sodium, 

6. Potassium. 

1. Manganese. 

2. Iron. 

3. Tin. 

4. Zinc. 

5. Cadmium. 

1. Arsenic 


Class IV. $ 1. Arsenic Subsect. 1. 

Subsect. 2. 
§ 2. Molybdenum. Subseet. 1. 

Subsect. 2. 

S 3. Chromium... Subseet. 1. 
4. Tungsten — Subseet. 1. 

8 5. Columbium. Subseet. 1. 

6. Antimony.... Subject. 1. 

Subseet. 2. 

7. Uranium. 

8. Cerium 
9. Cobalt. 

10 Titanium... 

II. Bismuth. 

12. Copper. 

13. Tellurium. 

14. Lead. 

Claus V. 6 1. Mercury. 

0 2. Nickel. 

§ 3. Osmium. 

Class VI. & J. Silver. 

§ 2. Palladium. 

§ 3 Rhodium. 

$ 4. Platinum. 

$ 5. Gold. 

6 6. Iridium. 


Arsenous Acid. 
Arsenic Acid. 
Molybdoiis Acid, 
Molyl die Acid. 
Chromic Acid. 
Tungstic Acid. 
Columbia Acid. 
Antimoniou* Acid, 
Antimouic Acid. 


.Subsect. 1. Titanic AchL 


PART III. * 

Chemistry of Organized Bodies, 

Chap. I. Chemistry of Vegetable Bodies. t 

Chap. 11. Chemistry of Animal Bodies, 

Chap, III Functions of Vegetable and Animal Lite. 

PART IV. 

Chemical Analysis— connection with Mineralogy. 


' PART V, 


Collection of Tables. 
Index. 
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Chemistry. 
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Caloric. 

t 

v. 


CHAPTER I.— IMPONDERABLE AGENTS. 

r INTRODUCTION 


(5.) It has been usual in Systems of Chemistry to 
eiiter rather fully into the History and Effects of the 
four substances or properties, (be they which they 
may,) the names of which are comprised in our first 
Part. This was more especially the case with the first 
and third ; and was a necessary consequence of the 
method in which these Sciences had been studied. This 
necessity, however, no longer exists ; each of the four, viz . 
GuUmfc,(Heat,)Light, Electricity, and Magnetism, having 
vindicate^ to itself a separate rank among the Sciences : 
and each has \cry properly formed the subject of a 
separate Treatise in this Encyclopedia, We name 
them here, not for the purpose of repetition ; not with 
the design of entering at large upon the general doc- 
trines of each of these Sciences; but only to mark th#ir 
connection with Chemistry, and to describe the Chemi- 
cal Effects produced upon the Elementary Molecules of 
Matter by their Influence : viewing them strictly in the 
light of Agents; means employed to effect C hemical 
purposes. Future researches may, it is true, show that 
siome one or other of these forms the Spring and Prin- 
ciple of Chemical Affinity ; or, on the other hand, il 
may appear that Chemical Affinity is the influential 
agent for the development of some of these Physical 
Properties: but, in the uncertainty that at present 
exists, we consider the arrangement we have adopted 
as best calculated to elucidate the principles of our 
Science. 


§ l. Chemical Agency of Caloric. 

((>.) Caloric is the term made use of to designate the 
cause of Heat; the comparative absence of Caloric, or 
its \ rcKcncc in a less degree, we call Cold : these are 
but terms of ordinary language, and not very precise 
in their meaning. The real nature of Caloric is at pre- 
sent unknown. By some it is supposed to he actually 
a fluid substance ; b,y others, only a property of matter. 
Should the former supposition be correct, we need only 
observe, that its tenuity is such as to have hitherto 
eluded ,all efforts that have been made to prove that it 
possesses any gravitating power. Under either view, 
therefore, we are justified in calling it one of the Im r 
ponderable Agents. The numerous and highly import- 
«&nt Physical Properties that it exerts upon all materia) 
Bodies have already been examined in*, our Treatise 
upon Heat. In Art. ( 108 .) of that Treatise we have 
marked out what we conceive to be the just boundary 
between the effects of Caloric upon Physical and Che- 
mical Science; or, in other \vords, we have separated 
its effects into those which take place upon the Inte- 
grant Molecules of Matter, from those which take place 
upon the Constituent ones. The latter alone fall, within 
the scof>T«ff ;this Treatise 


It is obviously essential to the sort of action that we Part I« 
now suppose, that there should be present dissimilar 
elementary Molecules in the Chemica* sense of the 
word ; these we are to consider either as combined or 
unennibined. If the Molecules be combined, Caloric 
may produce Decomposition ; if uncombined, and the 
Molecules he conveniently disposed for the operation 
to luke place. Caloric may effect their union. 

(7.) The cases of Chemical Decomposition effected Kffecls \ 
by Heat alone, are, perhaps, neither very numerous nor com P w * ,,,nn 
very distinctly marked The general operation of in- 
creased Heat upon all matter tends to convert it success- 
ively from the Solid to the Liquid, and from the Liquid 
to the Gaseous form * But should no extraneous matter 
be present, decomposition docs not frequently take 
place. It is true, that wheie Molecules chemically 
dissimilar are in union, and these are very unequally 
affected physically by the action of Caloric, decompo- 
sition may readily ensue. To select n familiar instance, 
let any alloy of Mercury, with some metal of difficult 
volatility, be heated beyond the boiling point of Mer- 
cury ; the Mercury will rise in vapour, and break from 
its Chemical combination w r ith the less volatile metal. 

This is. however, in great measure a Physical opera- 
tion ; for in the commencement of our experiment the • 

dissimilar Molecules of Ihe two metals are united by 
their Chemical Affinity, with a force surpassing that by 
which the Molecules of the more volatile metal tend to 
separate, and to assume the Gaseous form. But, by 
further accession of Calorie, this latter force increases 


to such an extent as i:> overpower the former one, aud 
decomposition ensues. 

(8.) Nevertheless there are instances in which, as 
far as we can judge, the Physical effects upon the dis- 
similar Molecules of a corn pound body are equal ; and 
yet, by increase of Temperature* decomposition is pro- 
duced. For instance, the gas called Protoxide of 
Chlorine (Euchloriue) undergoes decomposition, mid 
its Gaseous Elements separate, upon exposure to a very 
moderate increase of Temperature. 

(9.) On the other hand Caloric, or its effect Heat, seems ard Com* 
to he a powerful promoter of Chemical combination, portion. 
It is well known that many Eleuievitury'bodics, when 
placed in contact, and heated, enter into Chemical 
union. But here also it is difficult to say precisely how 
much of this effect is triily Chemical and how much 
Physical ; how much is due to tlu* change of Molecular 
affinity produced by the Heat, and how much to the 
state favourable to union, arising from a ch tnge in the 
Physical constitution of the bodies acted upon, 

(10.) Hitherto we have limited onr remarks to the 
action of Caloric either upon two or pmre dissimilar 
bodies net in, union, or upon one compound body. 

But the case which is off more frequent occurrence tc 
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Cfcftftitfttry. the Chemist is, when either a compound body and an 
Elementary body, or twef, or even more, Compound 
bodies ure acted upon simultaneously. In these cases 
the practical effects of Caloric are very considerable, 
Whatever be the original state of the Chemical Affinities 
between the Molecules concerned, Heat will very often 
• modify these Affinities, and facilitate the production of 

m new combinations. In this view Caloric is one of the 

most important ageqts in the hands of the Chemist. 
It frequently aids us in forming combinations, which 
• otherwise we are unable to effect; it promotes solution, 

in part possibly, by being itself a great antagonist to 
Solidity ; end it seems almost always to be the spon- 
taneous concGinitunt of all violent degrees of Chemical 

uctiou. 

§ 2. Chemical Agency of Light. 

k (1 1.) The only part of the history of Light which we 

conceive to belong to the subject now before us, is its 
agency in promoting Chemical composition or decom- 
position. For its general properties sec the Treatise on 
Light. \ 

Scheele noticed some of the decompositions produced 
by Light, and examined the conditions necessary to the 
success of the experiment. Oxygon, when held by u 
light affinity, may be separated by this agent ; and this 
extends to metallic oxides of that kind even when com- 
bined with an arid. Thus Scheele, having evaporated a 
solution of gold to dryness, again dissolved the salt in 
distilled water, aud placed the solution in a glass-stopper 
bottle. The bottle was then exposed to the sun’s 
rays, and in a lorinight the surface became covered with 
a pellicle of reduced gold. (//.) Mrs. Fulhame also, in 
her Essay on Corn h nation, states, that a piece of silk, 
which had been dipped in a solution of gold, was c\- 
„ posed to the sun’s rajs and kept rather moist ; it was 

at first yellow, then bejume green, then purple, then 
showed HpunglcK of gold ; and at the expiration of an 
hour the whole pitec of silk was covered with a film of 
metallic gold. Another piece of silk was similarly treated, 

• and put into a dark place, in which it remained three 
mouths without undergoing any change save the acqui- 
sition of a brownish tiu^ Silver also in solution was 

• * /educed by the action of Light, while in the dark it. 

• underwent no alteration. Mimy very amusing experi- 

ments of this nature may be seen in Mrs. Fulhame’s 
Esnay. (/>.) # 

Dcrompoi- (12,)f In nitric aeur the oxygen ft retained by a feeble 
trig 'Power, degree of affinity. If ii bottle containing this acid be 
exposed to the sun's Light, it first becomes yellow, then 
orange, by tl>£ separation of a part of its oxygen. But 
if the same bottle be quite full and closed with a glass 
Rtopper, no such decomposition can take place from the 
lnccliunicui olMacle opposed to the escape of the oxy- 
gen. (c.) Bert bullet found that a bottle so exposed to 
tfce sun’s rays, and provided with a bent tube to convey 
the gas to a Pneumatic trough, produced a considerable 
quantity of oxygen fn a.very few days/ (rf.) 

(IS,) If u piece of paper moistened with a solution 
of nitrate of f ilver, or if a portion of the precipitated 
muriate of silver (which is a white powder) be exposed 
to the sun s rays, a very few minutes are sufficient to 
change the colour almost black. It is believed, that in 
these changes th«f acid is frequently feniqvtd, wholly or 
in part, as well as the oxygen ffroip the metal. Ber- 
thoDet contrived that tiffs colorific process should take 
place under water: and he ’found that a portion of the 


acid had in fact separated from tlws oxide and remained 
in the water. (<*.) * 

(14.) Scheele proved that it was to a true Chemical 
agency on the part of Light, and not. to its Heating 
power, that these effects were to be attributed. #For 
this purpose he exposed the same substances which he 
had found ^o change so readily, but in phials covered 
with black paint.. The phials became very hot, but 
even in several days* exposure no Chemical effect was 
produced upon the substances within, (f) This &ct 
was further confirmed by Berthollct,. Romford, how- 
ever, adduced experiments in opposition to this doctrine, 
and endeavoured to show, that the effects produced 
were due to the Heat alone. He obtained a partial de- 
gree of reduction, by exposing pieces of silk, which had 
been dipped in metallic solutions, to the Light of a 
candle. He produced the same effect by placing small 
pieces of charcoal in a tube with some solution of gold 
or silver, and then exposing the whole to the 4leat of 
boiling water, the metuls were reduced on the surface 
of the charcoal, (g.) The first experiment vve conceive 
proves only that the Light of the taper tended, in some 
degree, to produce the same effect which the sun’s Light 
would have accomplished more speedily and completely . 
The second case also was proved to be fallacious by 
Hbrtliollct, who showed, from the gas evolved, that the 
decomposition had been caused by the direct action of 
the charcoal, (4.) 

(la.) Having thus adduced instances of Decomposi- 
tion, produced by the action of solar Light, we must* 
now show that it possesses, in a very marked degree, the 
opposite property in certain cases of determining combi- 
nation. 

Mr. Dalton remarked when Chlorine unjl Hydrogen 
gases were mixed together. Light had a material effect 
upon the rate of the Chemical combination which re- 
sulted. Thus in a feeble Light the union took place 
but slowly, but if the mixed gases were exposed to the 
diicet rays of the sun, the combination was so rapid as 
to be frequently attended with an explosion. (?.) MM, 
(iay Lussac and Thenard observed the same fact, ami 
found that it even held good with the compound hydro- 
genous gases when mixed with Chlorine. (4.) 

Hcrtliollet Imd previously shown that if a solutioti of 
Chlorine in water were exposed to the sun’s Light in a 
flask, provided with a bent tube to collect the gaseous pro- 
duct, oxygen was evolved. (/ ) The Chlorine decomposed 
the water, uniting with the hydrogen to form muriatic 
acid, and hence the escape of ^c-eous oxygen. Chlorine 
and carbonic oxide are not readily brought to combine, 
even under considerable elevation of temperature, but 
by exposing the mixture to solar Light the muon is 
effected. 

• •(16.) To solar Light then we must allow a consider- 
able power of Chemical action, but we $hall find flint 
the different parts of the solar beam differ gieatly in 
this power. Sfcheele fi'rst remarked that when the solar 
spectrum was cast upon a piece of pnpet, impregnated 
vvitli muriate of silver, it* became black much sooner in 
the violet than in the other coloured rays, (m.) fume- 
bier repeated .this experiment, and estimated flu* coin- 
piiruti vo, powders thus. Tfie same tint produced upon 
the* muriate of silver by IS seconds’ exposure to the 
violet ray, required for. iq* .production 23 seconds in 
the purple ray ; in the blfte ; 37" m the green ; 
5J mimiteaV the yellow; 12* minutes in the orange 
and full 20 minutes in the rccLruyt (/>.) fcir 11. Knglo*' 
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Chemwtry. field found that the blue ray had a greater power than 
— thq, other rays in communicating the luminous property 
to Canton's Phosphorus. Seebeck found that when a 

* mixture of Chlorine and Hydrogen gases was exposed 
to tjie solar Light, under a red glass, the combination 
took place but slowly, but that under a blue glass the 
union was instantaneous ; with several other similar 
facts, (o.) 

(17.) The existence of calorific rays beyond the ex- 

* ' trerne limit of the visible red ray of the spectrum, sug- 
. gested the possibility of a similar set of Chemical rays 

* bejjond the opposite, the violet end. This inquiry 
( seems to have been pursued by Dr. Wollaston and M. 
Hitter simultaneously. They both found that there was a 
set of Chemical rays of greater refrmigibility than those 
ofLight and of Heat, llitter came fully to the conclusion 
that, besides the visible rays of the spectrum, there were 
two other sets of invisible rays : one of which being less 
refrangible than any of the luminous rays, was found be- 
yond the red end of the spectrum, having a greater 
calorific pfower than the colorific rays, and tending also to 
promote oxidation: the other set of invisible rays being 
‘ more refrangible than the colorific rays, was found 
beyond the violet end of the spectrum, being inferior to 
f the colorific rays in heating power, and tending to the 
separation of oxygen from its combinations. (/;.) Pr. 
Wollaston made use of muriate of silver also, and arrived 
at a similar conclusion. He employed also guaiacum, 
which changes from a yellow to a green colour by ex- 
, posureto Light; and this, from the absorption of oxygen, 
as is proved by the process succeeding better when the 
gum is placed in oxygen gas. There was, however, 
this peculiarity, that the change was promoted at the 
violet end of the spectrum, while in the red extremity 
the yellow colour might be restored. This fact, then, is 
hostile to the universality of Hitter's law. ( q .) Herard 
amply confirmed these experiments ; he divided the 
spectrum into two portions, and then concentrated the 
rays of each portion with a lens. The part from Ihe red 
to the green produced a brilliant Light, but the muriate 
of silver remained in it for more than two hours quite 
unaltered. The part from the green to the violet inclu- 
sive did not by its concentration produce a very vivid 

< Light, but blackened the silver in less than ten minutes, 

lienee we learn that the deoxidating power of the rays 
decreases very rupidly in passing from the violet to the 
red end of the spectrum, (r.) 

* (IS.) It would appear, ulso, that there is an analogous 
difference in the Chemioal action of artificial Light pro- 
duced from different sources ; for Mr. Braude has stated 
that the Light produced by the combustion of oil gas, 
coal gas, 01 olefiant gas, even when concentrated so as 
to produce a considerable degree of Heal, effects no 
change on the muriate of silver, nor yet on a mixture of 
Chlorine and Hydrogen ; but that the Light from char- 
coal, ignited by the voltaic buttery, speedily colours the 
muriate and unites the gases t He tould obtain no 
* Chemical action from the Light of the moon, (.s’.) 

Some other experiments uf Hitter in the paper formerly 
mentioned are very curious/und the report of MM. Ber- 
thollet and Biot, upon Berard’s. experiments, is well 
worthy of examination. (/.) 

Affect* (19.) Some experiments of M, Chaptaftentf to prove 
crystal Lisa- that the process of crystallization is influenced by the 
tiJii. presence of Light. He found that when a, number of 
capillary crystals were shooting up the side,* of a vessel 


containing a saline solution, the effect took place only Part T. 
on that side of the vessel that* wasi 11 u minuted. He was 
thus able to cause the crystals to form on any one side, 
and by placing a skreen against the vessel the line 
between Light and darkness was distinctly marked by 
the limit of the crystallization. This phenomenon was 
most easily observed in metallic salts, (w.) 

(20.) “The operation of Bleaching affords another Bleaching. 1 
example of the Chemical changes which Light is capable 
of producing. Colour is iri that case removed, and this 
depends equally on the transfer of oxygen, the colouring 
matter of the thread receiving that principle probably 
from the decomposition of the water ’-villi which the sub- 
stance to be bleached must be supplied. This formed 
the old method of bleaching ; and the substitution of the 
Chlorine in the new mode, establishes this theory of the 
changes of which the operation consists. 

“Even the processes ,;>f. animated nature are influ- 
enced by the Chemical agency of Light. k Organiza- 
tion, sensation, spontaneous motion, and all the opera- 
tions of life (soys Lavoisier) exist only at the surface of 
the earth, and in places exposed to the influence of 
Light; and without i( nature itself would be inanimate.’ 

Its operation in vegetation is strikingly exemplified in 
the adaptation of plants to particular climates. Those 
which grow under a clear sky, and an intense solar 
light, are in general more pungent, odorous, and aro- 
matic, than those which are placed under the opposite 
circumstances ; and plants which are the natives of a 
warm climate will not grow or produce their fruit in 
situations where they are less exposed to its genial in- 
fluence. The artificial exclusion ofLight from vege- 
tables, giving rise to the process named Etiolation or 
Blanching, affords another proof of its action on vegeta- 
tion. The nlaut always extends its branches tow aids 
any opening at which light may enter: and if tins be 
closed, and another opened in a different situation, it 
changes the direction in which it was shooting, ami still 
turns towards the Light ; and in ihis ,v*ay, as M. L’Abhe 
Tessier has shown, plants may be made to grow in any 
direction. If kept in perfect darkness, they become 
feeble, succulent, insipid, and of a white or yellowish 
colour, while, if transferred to a situation where they 
enjoy the solar rays, they regain their green colour, and 
become vigorous. The^e changes from the exclusion 
of Light appear to be owing to the accumulation of 
oxygen in the plant, as, under its influence, this prin- 
ciple is disengaged « r rom their leaves, derived probably 
from the decomposition of water, and perhaps of other 
compounds subservient to vegetable nutrition. Accord- 
ing to the experiments of Tessier and Decandolle, the 
Light emitted by a lamp gives even a green colour to 
the leaves, though less deep than that from the light of 
day. The Light of the moon has a similar effect, (tf.) 

(21.) “ Nor are animals exempt from the influence of 
this important agent. Deprived of it they suffer nearly 
the same changes as vegetables do, and the darkness of 
their colour is in general greater according to the iriten- * 

sity of the Light to which they are habitually exposed. 

Insects which live underground are usually’ of a light 

shade ; the animals of the Arctic regions are almost all 

pale or white, while those belonging to the tropical 

countries are distinguished by the variety and brilliancy j 

of their hues. Even in Man we trace a gradation ot 

colour proportioned nearly to the climate in which he 

resides." («?.) * 
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p. 347. ' (/.) Jour . *de Phys . xxxix. p. 81. (m.) 
Essay on Air and Fire, p, 91. (n.) Senebicr, Me~ 
moires Physico- Ch imiqu es, tom. iii. p 199. (o.) See- 

beck, Nich. Jowr. *xxiv. p. 220. (p.) Ritter, Nieh, 

Jour . v. p. 255s viii. 214. (</.) Wollaston, Mich. Jour. 

viii. p. 293, (r.) Berard, Nidh. Jour. xxxv. p, 256. 

(s.) Braude, Phil. Trans . 1820, p. 11. (t.) Berthol- 

let and Biot, Mich. Jour. xxxv. p. 257. (v.) Chuptal, 

Jour, de Bhys. xxxiii. p. 297. » (v.) Mim . dr t Acad, 
des Sciences, 1783, p, 155. (§p.) M array’s Chemistry, 

vol. i, p, 561. 

§ 3. Chemical Agency df Electricity . 

Electricity (22.) According to the Principles already proposed, 
this Section will be devoted to an*tccoiint of the Che- 
mical effects of Electricity ; including those which are 
produced by the application of (he Voltaic Pile, as well 
as those which proceed from the common Electrical 
Machine. That these two instruments only produce 
different modifications of the same great Physical 
Agent we have already explained ; and therefore for 
the future, when we speak of the Electrical agency by 
which any Chemical change is to he etfected, we would 
be understood to refer to an operation producible eitner 
by ordinary, or by Galvanic Electricity, though much 
difference may exist as to the actual fitness of these 
respective modifications *of Physical force, with refer- 
ence tv) the purpose intended. 

Electricity exist dll for many years as a Science, pre- 
vious to the discover) «)f its intimate relalions to Che- 
mical Affinit), and this discovery did not take place 
until Voltaic Electricity had become known to the Phi- 
losophers of the present (^entury, Galvuni’s disebvery 
, of* what he termed Animal Electricity, which was in 
fact the Klee tripity of the cowtact of dissimilar Ele- 
ments, took place accidentally in 1791. It was suc- 
ceeded by nboiy, ten years of active research made by 
the Philosophers of afl Europe; bTit as the great pro- 
bled! # which the)' investigated with so much zeal, was 
the necessary conditions of the probable theory of mus- 
cular contraction produced by this species of Elec- 
tricity, no immediate profit accrued to Chemical Sci- 
ence. At length, in 1800, Volta, by a fair system of 
reasoning rtporP the effects of Metallic contacts, wa* 
led to construct the Pile. • His end was fully answered 
when he had obtained a scries of most interesting Elec- 
trical effects highly important to the Theory which he 
was labouring to establish. The history of this dis- 
covery was communicated to Sir Joseph Bankes, who 
laid the lette| before Messrs. Nicholson and Carlisle. 
(«.) By these gentlemen the experiments of Volta 
were repeated and verified : they discovered the posi- 
tive and negative Electricities of the opposite ends of 
the Pile; and accidentally stumbled* uppn the great 
discovery of the drat Chemical decomposition effected 
by Electricity. They hfhl formed a pavt of tlieir eir- 
- VOL. iv. ’ 
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cuit by water, and observing email bubtxes of gas .0 be 
disengaged* apparently from the wires in the watei\ \* 

they found that this gua had the smell of Hydrogen. 

The important remark was hot lost upon these experi- 
mentalists, who, pursuing the research* fully demon* 
strated the decomposing power of the Pile. They 
found that atone wire Hydrogen Gas was evolved, while 
the other wire became oxidated; and by employing 
wires of Platinum they obtained Oxygen and Hydro* 
gen Gases from the two wires respectively, and !h such 
proportions as to form water. Such was the origin of 
this most important series of discoveries* (5.) 

Mr. Cruickshanks, an eminent Surgeon at Woot- 
wich, immediately verified these discoveries, and added 
to them that of the reduction of metals from fheir 
solutions, and the decomposition of the Neutral Salts. 
Cruickshanks also invented the Trough. Dr. Henry 
of Manchester decomposed the Nitric and Sulphuric 
Acids ; and also resolved Ammonia into its Elemen- 
tary Constituents. At length Sir H. Duvy commenced 
that splendid series of researches which htujj* tended 
more than those of any other individual to explain the 
Electrochemical relations of the molecules of bodies ; 
and have not been surpassed in acuteness of in- 
vestigation, or brilliancy of result, by those of any 
individual that ever lived, if we except the sublime 
discoveries of the great author of the Principal . It 
were unjust not also to mention the valuable con- 
temporary researches made in Paris by Humboldt, 

Gay Lussac., and Thenard ; though we do not enter 
upon any minute historical description of them in • 
this place, hut refer our readers to the Treatise ou 
Galvanism. 

(23.) For the best proofs of the identity of ordinary Identity of 
and Galvanic Electricity we are mainly indebted to A G enlft - 
Dr. Wollaston. The question has been long agitated ; 
and perhups to some, may not even yet appear to have 
been satisfactorily decided. The sensation, however, 
produced upon the human frame is substantially the 
same, whether from the Leyden Jar, or from the excited 
Voltaic Pde. The rapidity of communication is the 
same in both cases. The conducting powers of all 
bodies are identical to both fluids. The spark is in 
both cases visible when the discharge takes place 
through a thin stratum of air. The Pile in activity 
will charge a Leyden Jar either positively or nega- 
tively, according to the Pole with which the connection 
may he established. The Electrometer serves as a 
measure of Tension for both instruments. And the 
Chemical changes which may b? produced by develop- 
ing the Polarities of elementary or constituent mole- 
cules of bodies, are the same in kind, whichsoever 
agent be employed, (c.) 

(£4.) Before we proceed to the actual Chemical Mo^t ustfuJ 
agencies of the Pile it may be well to mention those e<»mbi«a- 
Vqltaic arrangements which are best adapted to the pur- lK lf s * 
poses intended. This we say with reference chiefly to 
selection, for as*the actual construction of Galvanic Ap- 
paratus more properly belongs to the geiferal Treatise 
on that subject, to it we r^fet; our readers. * 

(25.) The simple Galvanic circle consists of three 
nrjore or less perfect conducting substances. It may 
be ‘formed either of two perfect conductors and one 
imperfect conductor ; nr of two imperfect conductors 
with one ’perfect conductor, . These terms were intro- 
duced by girH. D$vy, in whose Work various arrange* 
menu of both, sorts may be found (d.) But as the 
Ah. ♦ 
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Cheiiiinry, effects produced by any simple Galvanic Circuit are 
feeble ; especially with reference to Chemical action, it 
|g usual to form compound Galvanic Circuits or Bat- 
teries* These consist simply of the reiteration of a 
number of simple alternations. The tnelals and the 
liquids are arranged in various forms, us Troughs, Piles, 
or Spirals. In practice Copper and Zinc arc the 
metals usually employed; producing a combination of 
great energy at tin’ least expense. 

(26.) Fur igniting or losing Metallic wires, or in 
* * other words, for producing great Heat by gcneiating a 

. very considerable quantity of Electricity in u short 

c tyne, so as to produce Heat m its passage through a 
€ conductor comparatively perfect, plates of large sui- 

f luce ar$ required. But for producing Clietnicul De- 
composition large plates are not necessary : the num- 
ber of the plates is, however, of essential importance; 
they may be small, but, they must be numerous. The 
C our on nr dr Tastes of Volta is an excellent arrange- 
f ment for Chemical purposes: but on the whole the 

r Battery we can most strongly recommend, should con- 

sist of pkitcs from four to six inches square, arranged 
alter Dr. Wollaston’s pluu in Wedgewood Troughs. 

(27.) Though water and saline solutions are suf- 
ficient to excite the Chemical action of a Battery, yet 
weak acid liquids are most, etlicacious. For Chemical 
purposes the acid may be used in a highly dilute str/fce: 
Mr. Singer, who made many experiments on this sub- 
ject, recommends one part of Sulphuric Acid with tv\o 
or three of Nitric Acid, and from forty to sixty parts of 
water, as an efficacious and tmiuring charge. 

Where long-continued action is required, without 
grout intensity, a solution of common salt, with the 
addition ot a little Muriatic Acid, forms an economical 
and sufficient charge. Those effects which are purely 
Electrical* are best developed by a charge consist :ng id 
a weak saline solution ; or even of spring water only. 

(28.) We now anive at that which is the legitimate 
object of this Section; viz. the Chemical action of the 
File. If any compound body, which is itself a conductor, 
or which can be made even partially so, be placed be- 
tween two wires connected with the Polos of the Bat- 
tery, so that the substance itself shall form a part of 
the Circuit, (fie Elementary molecule* of that body 
will undergo certain changes in their farces of Polarity, 
u\ul in many cases to such an extent us to overcome 
the Affinity which formerly bound (hem together in 
Chemical combination. 

For example, let two Platinum wires from the oppo- 
site Poles of the P Uejfy fie placed at any distance liom 
each other in the same vessel of water; bubbles of 
G as will he' disengaged at the extremities of each wire; 
the quuntity issuing drum that part of the water in con- 
tact with the wire proceeding from the Negative Pole 
of the Battery is, iu volume, double of that issqiug 
from the other wire which constitutes the Positive 
Pole: and if these gases he collected, as they easily 
may by inverting te.st tubes filled jvith water over 
them, the former is found to be Hydrogen, the latter 
Oxygen Gas, Now these yre known io he the just 
constituents of water, and if the gases be again mixed 
and exploded by the Electric spark, water is repro- 
duced without any residuary matter. 

If the wire forming the Positive Pole be Of copper, 
or a»$ oxidable metal, the oxygen* never assumes the 
gaaeCH|ii fot*m» but unices with the metal 'as to pro- 
duce g metallic oxide. ; • y’ • 
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If iu a similar manner tb® wires be introduced into Pari l 
a strong solution of Sulphuric or Phosphoric Acid, 

Oxygen Gas will rise from the Positive Pole and the 
inflammable Element will collect sound the wire con- 
nected with the, negative Pole. 

(29.) The following is found to be the general Law General 
of these decompositions, viz. that the non- metallic Uw, 
bodies, (sometimes thence called Electronegative,) , 

Oxygen, Chlorine, Fluorine, Iodine, and Bromine, 
with all Acids, are found at the Positive Pole of the 
Voltaic Circuit, while the Electropositive non-metallte 
Bodies, (combustibles of some writers,) the Metals, % 

Alkalis, Earths and Oxides, iu short all buses, tend to 
the Negative Pole or surface. ' 

(30.) The following singular exiensiot s of these pro- Transfer*, 
perties were, discovered by Sir H. Davy iu 1806 and 1807. 

If the Polar Wires do not dip into the same mass of 
water, but into separate vessels of that fluid, having a 
connecting metallic wir«e between them, the decomposi- 
tion still takes place; hydrogen Gas is evolved from 
the one wire, and Oxygen from the other. The same 
takes place if the connection between the two vessels of 
water be made by insist fibres of Cotton, Ammianlhus, 
or any other conducting substance. 

To understand these interesting experiments of Sir 
H. Davy; suppose two Agate cups marked P and N 
to denote the Poles ol the Battery with which they 
were connected ; Positive and Negative respectively# 

Sulphate of Potash, or Soda, was placed in N and dis- 
tilled water in I*; the connection between the two cups 
was established by moist fibres of Ammianlhus. The 
Acid passed over to the cup 1*, and the solution in the 
cup N. which was at first neutral, became alkaline, A 
converse experiment was made by placing the saline 
solut'ou in P, and distilled water in N. In this cu*e 
the water became alkaline, and pine Aeid muuined in 
the cup P. 

In another experiment when Nitrate of Silver had 
bem placed in the cup P, the Ainmiaiithus leading to 
the cup N was coated with a ffni oV metallic Silver; 
thus showing that an actual and substantial passage of 
the Element took place along the connecting sub- 
stance. 

Tly? same results obtain if a third cup M, containing 
pure water, be placed between P»uml N, so as to form a 
part of the connecting circuit, while the water remains 
pure, though the Acid and the base bine both been 
transmitted through it. 

Again, let the three cups be. arranged as before ; 
having Sulphate of Potash in N, a weak solution of 
Ammonia in M, and pure water in P. r In this case, to 
arrive at the cup P the Sulphuric Acid must pass 
through a free Alkali for which it has a very strong 
Affinity: yet in five minutes this was effected with a 1 
fiattery of one hundred and fifty pairs of four-inch 
plates. Thus the ordinary forces of Affinity were sus- 
pended or overpowered by tluit of Electrical Polarity. 

In the same way, strong Acids were made to pass 
through siiongly^dkuline solutions, and alkalis through 
strongly add liquids, without eutering into combi- 
nation. ' 

It was by reasoning upon these faefs, that Sir H. 

Davy contrived to apply the decomposing power of the 
Pile to the exhibition of the bases of the alkalis and 
alkaline earths', and thus arrived at a scries of results as 
novel as they 0 were important. (<*.) 

(31,) Strictly sped'king, there can be no Electro- 
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Chemistry. chemical action upon a substance that is a Noncon- 
doctor ; ami yet some adventitious circumstance nuy 
Bodies must induce a sufficient degree of conducting* power to bring 
conduct. the Elementary molecules of the substance within the 
reach of the Electrical action, so that their Polarity may 
be a fleeted and decomposition produced. For example. 
Glass is u nonconductor, and yet where Electrochemical 
experiments ore made in glass vessels, a slight decom- 
position of the surface will sometimes be manifested by 
the setting free of a portion of its alkali. In this case 
the water or liquid forms the mean of communication 
for a sufficient Electrical power to the molecules of 
glass immediately in contact with it. 

(32.) Among tile most usual Galvanic experiments 
are those in irtiich metallic wires or leaves are either 
fused or burned by the dischutgc of a Battery, The 
metals are all comparatively perfect conductors ; but 
the circumstance of their becoming heated at all by the 
Electrical discharge, seems lotus a proof that they are 
not strictly so. I5y a perfect # < oudtictor we should un- 
derstand a body which would instantaneously allow the 
passage of any quantity of b lent) icily w ithout reference 
to the superficial magnitude ol^thc conducting body 
itself. A perfect conductor in this sense is, however, 
unknown; the metaJs which are the best, conductors, 
suiter certain effects, which bear s;>me constant ratio to 
the quantity of Electricity transmitted, and to the quan- 
tity of metallic surface along which it passes. The first 
and most obvious of these effects, is the developemeut 
of Caloric Thus wires are heated, or even fused, by 
the Voltaic as by the Electric discharge. So far this is 
only a Physical operation ; but when the discharge is 
very powerful, the metals undergo combustion, and are 
oxidated. Now whether this ( halation he simply the 
effect of their Elevation ol Temperature in a medium 
affording Oxygen, so that the same effect in kind and 
quantity would he produced hy an equal intensity of 
Heat howsoever excited ^ or whether the Heat evolved 
during the Electrical Transit he at all more favourable to 
this Chemical com bio* it ion, hy adding a sort of deter- 
mining force, no experiments have yet ascertained. 

We might, therefore, at present, he justified in regard- 
ing the horning of metals by Galvanism, merely as a 
capo of Chemical combustion arising out of the ordinary 
^Physical application ^»f *1 1 eat to a combustible body. 
The most, powerful Hatkiy tjiiit has ever been con- 
structed for the* fusion and combustion of metals, is that 
of Mr. Children, with which most splendid results were 
obtained. Tlfe description of tins* instrument, and its 
powers may be seen in the Phil. Trans. ( /.') 

(33.) The conditions upon which the ignition or 
combustion of metallic wires depends, are totally dif- 
ferent from iliose which influence Chemical decompo- 
sitions. It is generally understood that in the Voltaic 
Battery tl** Uumsity of the Electricity depends upyn 
the n timber of plates ; and that the (Quantity evolved 
expends upon the superficial magnitude of the plates. 
Chemical decompositions, as wo have already remarked, 
depend upon Intensity of action, and,, therefore, require 
a great, number of plates which may he very small ; hut 
the Colorhmyive effect upon metals, seems to arise from 
Quantity; and, therefore, for these last-mentioned pur- 
posca, the number of the plates is not so important as 
their magnitude. And as in these cases it is desirable 
that the Electricity should be evolved wifh great rapidity, 
the charge of dibite Acid mayiie advantageously em- 
ployed of a greater strength than ifi required ior Che- 
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mical purposes. All mis is stated as fact dedueible 
from experiment, without reference to any particular 
Theory of the action of the Pile. # , 

(34.) It is a curious and important inquiry to aseer- 
tain the ratio which the number and superficial extent ^ owcri * 
of the plates in a Battery 1 ; bear towards the effect^of 
different kinds produced by that Battery. Gn this 
subject following remarks by Sir H, Davy, are * 
important. “ MM. Gay Lussac and 'Dienard have 
announced that the power of Chemical decomposition 
increases only as the cube root of the number of plates; 
but their experiments w ere made with parts of Piles of 
n construction very unfavourable tor gaining accurate * 
results ; and in various trials, made with great care in 
the Laboratory of the Royal Institution, the results were 4 
altogether different. The Batteries employed were parts 
of the great combination, carefully insulated, and nimi- 
larly charged ; arcs of Zinc and Silver presenting equal 
surfaces, and arranged in equal glasses filled with the 
same kind of fluid, were likewise used; and the tubes 
for collecting the liases were precisely similar, an2 filled 
with the sume solution of potussa. In theae experi- 
ments, ten pairs of plates produced fifteen measures of 
lias; twenty pairs in the same time produced forty- 
nine; again, ten pairs produced five measures; forty 
pairs, in the same time, produced seventy-eight mea- 
sires. In experiments made with arcs, and which 
appeared unexceptionable, four pairs produced one 
measure of Gas; twelve pairs, in the same time, pro- 
duced P.7 of Gas ; six pairs produced one measure of 
Gas ; thirty pairs, under like circumstances, produced 
24.5 measures ; and these quantities are nearly as the 
squares of the numbers. 

“It would appear fiotu the experiments of Van 
Marum and Fluff, confirmed by those of Messrs. Wil- 
kinson, Cuthberlhon, and Singer, that the Increase of 
power of Batteries, the plates of which have equal sur- 
faces, is us the number. I found that ten double plates, 
each having a surface of a hundred square inches, 
ignited two inches of FJatina in wire of one-eightieth of 
an inch; twenty plates, five inches; forty plates eleven 
iiulies; hut the levults of experiments on higher num- 
heis weie not satisfactory; for one hundred double 
pk:tes, of thiify-lwo square inches each, ignited three 
inches of Ibntina wire of one-seventieth, and one thou- 
sand only ignited thirteen inches, and the charges* of 
dilute Acid were similui in both cases. 

“Tile power of ignition for equal numbers of pLutes, 
seems to increase in u very high ratio with the increase 
of surface, probably higher tlu^i own tile square; for 
twenty double plates, containing each two square feet, 
did not ignite one-sixteenth as much wire as twenty 
containing each eight square feet, the acid employed 
being of die same strength in both cases. 

9 Numerous circum >ianoes »ue opposed to the accu- 
racy of experiments made, with high numbers or very . 
large surfaces; the activity of combinations rapidly * 
diminishes, in consequence of the decomposition of the 
menstruum used; and -this decomposition is much more 
v iolent, the greater the number and surface of the alter- 
nations; the vapour rising ■likew ise, when the action is 
intense, interferes by its conducting power, and the G as 
by its vvimt yf conducting power ; and when series con- 
taining a’bovt* five hundred* double plates are used, un* 
less the insulation is very perfect, there is a considerable 
loss of Electricity ; thus tlie gfentJBattery of two thousand 
double plates belonging to the Royal Institut dn wi|l, 

4 x 2 * 
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Chemistry, scarcely act by its true Pokes, when arranged on a floor 
of atone, aud requires not merely the insulation of por- 
celain, but likewise of dry wood ; and when arranged 
on a stone floor, it is hardly possible to walk near any 
of the approaching series without receiving shocks. In 
cases of the ignition of wire, the cooling influence of the 
substances in contact, and of that part of the chain nut 
ignited, interferes most when small quantities of wire 
are employed, and with feeble powers ; und hence the 
effect, ys at first in a lower, and then in a higher ratio 
than the number, when the whole runge is small, as in 
the experiments above stated. If there is an imperfect 
t connection in any of the series, a great, diminution of 
power is the consequence. If one plate is corroded or 
covered with more oxide than the rest, there is a general 
lussof eflect. If copper is substituted for Zinc, or Zinc 
for Copper, in a single series the result is similar; and I 
find that a Platina wire, introduced in the place of an 
arc of Silver and Zinc, in a series of thirty, diminished 
its power of producing Gas so much, that it was equal 
only t # o that of four.” (g.) Consult also references (h.) 

(35.) iTo examine the different Theories which have 
been proposed in order to account for the origin of those 
Phenomena which are termed Galvanic or Voltaic, falls 
not strictly within the scope of this Treatise. It may, 
however, be necessary for us to state in what, manner it 
seems connected with Chemical Affinity, especially'!!* 
some have supposed all Chemical Affinities to spring 
from Electrical action ; whilst others, on the contrary, 
have asserted that all Electrical Phenomena are essen- 
tially accompanied by Chemical changes, thus referring 
those Phenomena to the mutations which take place 
among the Elementary molecules of Bodies. Whether 
the Electrical Polarities of the molecules of matter be 
or be not the cause of Chemical Affinity, is a question 
which the ‘Chemist is deeply interested in resolving. 

Volta, who laboured assiduous! v and successfully in 
this field, supposed that Electricity was developed 
solely by the contact of dissimilar metals. The fluid 
with which the Pile is charged, he regarded only in the 
light o( a conductor. It seems true that the mere con- 
tad of two metals is sufficient for the evolution of Elec- 
tricity; for if n plate of Copper and a plate of Zinc be 
made to touch ouch other, both being affixed to insu- 
lating handles, the (-upper, after their separation, is 
foiffid charged with resinous, and the Zinc with vitreous 
Electricity. The same, however, has been recently 
found to take place with two discs of the same metal 
when they are of different temperatures before their 
contact. In these* cases no Chemical change is ap- 
parent ; though it is possible, and even probable, that 
some oxidation may take place to a slight extent. In 
this Theory of Volta all the Chemical changes which 
manifestly attend the Electrical action, are, as causes, dis- 
regarded. 

Dr. Wollaston became the most direct opponent of 
* the views of Volta, and m an admirable Memoir, pub- 
lished iu the Philosophical Transaction* for 1801, he 
advanced numerous arguments in support of a contrary 
explanation ot the case. The substance of Dr. Wollas- 
ton’s Theory consists in supposing the Chemical change to 
be the primary action ; as. Tor instance, the oxidation of 
the Zinc, where plates of Zinc and Copper are employed { 
and that the developeinent- of Electricity is k conse- 
quence resulting from thence. 

The Theory of &ir«fl/ Da*y> which is now more 
generally received, acknowledges both sorts 6f action 


already noticed. It adtnit$ the disturbance of the F»rt t 
natural Electricities upon the contact and subsequent 
separation of dissimilar bodies, and does not consider 
that a Chemical chunge is essential to the commence- 
ment of Electrical action. But it was proved by expe- 
riment, that for the continuance and accumulation of 
Electrical action, Chemical changes in the Elements of 
the Pile are indispensable. Sir H. Davy traces this * 

mixed operation by supposing that by the contact of the 
Zinc and Copper plates in the JPile, all the former be- 
come Positive, and all the latter Negative ; that by 
means of the conducting fluid interposed, all the vitreous 
Electricity is enabled to accumulate at one end of the 
Pile, and all the resinous fluid at Ihe other. Such is 
the primary and momentary action ; but* to produce a 
repetition of these effects, so as to promote the con- 
tinuous action of the Pile, he considers the Chemical 
change as perpetually tending to restore the Electric 
equilibrium that has be ^ thus disturbed. This takes 
place by the Electronegative Elements, Oxygon, Acids, 

&t\ passing to the Zinc plate, while the Electropositive 
Elements, the Bases, Hydrogen, &c. go to the Copper 
surface, restoring, momentarily, the Electric equilibrium 
in both cases, and thus preparing the metals for a new 
effort of the Electromotive force. On these points con- 
sult references ( 2 .) 

(3(>.) Whatever Theory be adopted with regard to the Modm 
primary developeinent of Electrical Action in the Pile, 0 P eri * K ‘“ 
it becomes a matter of convenience to form some system 
which may unite in one view the effects as such; iu 
order that we may employ it as a practical assistant ,n 
submitting bodies to Voltaic Electricity as a : iumical 
Agent. For this end it is quite immaterial which of the 
Theories already mentioned be admitted. In fact, lac 
explanation which we arc about to recite is to be con- 
sidered not as an assertion of the actual laws which 
govern the molecular Affinities of substances, but only 
as a convenient mode of representation, a sort of illus- 
tration ; it may be the true one in its most strict sense, 
or it may not ; but in cither cusc'we ma\ safely employ 
it as a law by which to regulate the methods, and fore- 
tell the results of our experiments. 

Ot such explanations the most clear was given by 
Grotlhus, and first published in Italy. We subjoin 
the substance of it, as given iifM. Thenard’s Work, 
though it is almost verbatim the same with that of the 
original author as republished in the Annates dc Chimie, 
t k .) because it gains au additional authority from having 
passed through the (lauds of that able Systernutlst (k.) 

If we place between the two Polar wires of a Prte in 
activity, any substance which is capable of undergoing 
decomposition by that Pile, immediately all the ele- 
mentary molecules in each compound atom placed 
between the Positive and Negative Poles, undergo Po- 
larization ; that is to soy, their natural * lectric fluid is 
decomposed, and some of the Elementary molecules 
becoming Positive, tend towards the Negative Pole ; 
while others becoming Negative, lend towards the Posi- 
tive Pole. Suppose there to he only five compound 
Atoms between the two Poles, and that each Atom 
should be composed of two Elementary molecules ; let 
A represent the Positive molecule and B the Negative 
molecule in the first Compound Atom ; also let A' be 
the Positive molecule, and B' the Negative molecule in 
the second CJorriJmund Atom, and so on ; the arrange- 
ment which wfU then nesult is shown in the following 
diagram: * * * 
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where P represents the Positive, and N the Negative united by a very strong Chemical Affinity; and that, on 
Pole of the Battery. But the Negative wire attracting the contrary, there may be others which it cannot decofm 
all the molecules marked A, and repelling all those pose, though the Chemical Affinities are not powerful, 
marked B; and the Positive wire attracting, on the Hence we perceive the great importance of knowing the 
contrary, all those marked B, and repelling all those powers which substances possess of becoming manf or 
marked A; it will follow that all those marked A will less Positive with reference to each other. This point is, 
arrive in succession at the Pole N, and all those marked however, as yet in a state of great uncertainty; M. Ber- 
B will simultaneously proceed to the Pole P; but in zelius has given a Table of the Electrochemical relations 
this transfer each Negative molecule will only become of the Elementary bodies, but we fear that it is too * rt « 
free after having combined itself momentarily with each imperfect to be of much practical utility, and, therefore* 
positive molecule in succession, uh it meets them on its we do not transcribe it in this place, (?.) * 

passage; and reciprocally each molecule Positively ex- % 

cited will momentarily combine itself with each mole- § 4, Chemical Agency of Magnet is 7 p» • 

cule that is Negatively excited, hs it nmy come in contact 


with them. For example, the molecule 11, on quitting 
the molecule A, will combine with the molecule A', then 
it will abandon this to combi w! with A", from which it 
will again separate to unite with A ; ", and thus it will 
arrive at the Positive Pole, where, being disengaged 
from combination, it will appear with all its charac- 
teristic properties. The same wi^l happen to every other 
molecule in our diagram, so that the molecule A/% on 
quitting the molecule \\ nt \ will unite with B"', and so 
on ; hence, ultimately, the molecules A'" and B, acted 
upon in opposite directions by *wo equal forces, will 
combine at an equal distance from the two Poles. 

Suppose, now, that instead of five compound atoms 
between the two Poles, there were an infinite millibar; 
it is ev‘d<*nf that^as they within the influence of (he 
fluid, iricy will undergo decomposition, and will be re- 
pl iced hy others, so that thus we may decompose any 
g veil quantity of the iubsiance, so mug as the Pile con- 
tinues to he in action. 

To render this Theory more clear, let us apply it to 
the decomposition of water. Water is a compound of 
two substances, which, when free, are with us in the 
gaseous state; and which have received the names of 
Oxygen and HySrr V If we submit this liquid to the 
action of tire Pile, Oxygen will develope itsell at the 
extremity of the Positive wire, and the Hydrogen at that 
of the Negative one. The atoms of waiter are Polarized 
so that their molecules of Oxygen become Negative, ami 
.their atoms of Jl\drftg»-Ti become Positive; the former 
then are represented in our iljagram by the letters A, 
A\ &c. and the Idtrr by B, IF, &c. But as Hydrogen 
scarcely combines with any metal, while Oxygen eoni- 
1 /nes readily ftith all ‘except Gol 1, •Platinum, and a few 
others, forming with them solid substances: conse- 
quently Hydrogen will, in almost all eases, disengage 
’tsclf in the gaseous state at the extremity of the Nega- 
tive wire; and Oxygen will only disengage itself in the 
# *,utu ta<e at the extremity of the Positive wire, when 
that e 1 •*'»ed of Gold, Plutina, &c. These Clares 
may easily Ik nllecled either together or separately, by 
methods pointed out iiuour Treatise on Galvanism. 

If the Pile be powerful, and especially if the water 
contains a little snltr, or # rather a little free Acid, by which 
ts conducting power is much increased, we may perceive 

vivid efflrypscence at the extremity of each wire. 

It is obvious from what has now lieerr advanced, that 
the decomposition of a substance by the Pile, depends 
upon the ratio existing between the reciprocal Affinity 
of the constituents of the substance* iftid # the property 
dint they possess of placing themselves ill conditions of 
greater or less opposite Electrical intensities ; and that, 

•1 


(37.) The agencies ofMagnetic influence in aiding or in Magnetism, 
impeding Chemical Affinities have as yet been recognised 
to only a very slight extent. And yet these two species 
of action are not quite independent of each other • some 
substances are sensible of Magnetic power, others not ## 
so. Among the metals some are capable of permanent. 
Magnetism, others are only capable of a temporary 
Magnetic state induced by Electricity. Iron when pre- • 
sent even in a small proportion renders the mass con- 
taining it attractable by the Magnet. The same pro- * 

party is continued to it even in its lowest degree of 
oxidation, but in the higher stages of oxidation it Joses 
this property. Pure metallic Nickel, Cobalt, Manga- 
nese, and Chromium, are aJI attracted by the Magnet. 

Bui with these a small admixture of Arsenic is fatal to 
the property. # 

(38.) The permanency of Magnetism is also some- 
times greatly affected by the Chemical constitution of 
the body : thus, pure soil Iron soon loses any Magnetic 
power that may be communicated to it: but the pre- 
sence of that small proportion of carbon which converts 
Iron into Steel, renders it capable of retaining perma- 
nent Magnetism even for many years. 

(33.) Berzelius relates (m.) that Ilansteen and Atfecu de- 
Maschmann placed a solution of Silver in a Syphon- avi^enafinn 
shaped tube that the Silver might be reduced by * 

metallic Mercury ; and that they always found that 
when the tw o legs of the tube stood in the plane of ihe 
Magnetic meridian, the Silver in the Northern leg shot 
out into more numerous and better formed crysAls, * 

than in the Southern leg; where, in face, the reduced 
Silver immediately mingled with the Mercury. Upon 
placing the legs of the tube due East and West, the 
process of reduction went on* mu ah more slowly and 
the reduced metal stood at an equal height in both 
legs. Murray made an experiment of the same sort in 
which he placed iron wire in a weak solution of Silver. 

So long as the Iron wire had no Magnetic Polarity no 
Silver was reduced, but as soon .as a Magnet was placed 
near it Ihe reduction commenced. He algo round the . 
reduction most considerable m the Nor&h Pole of the • 
wiie, which is in accord with the experiments of Ham- 
teen and Masdimanu.* ' 

(40.) Lfidecke pluced.ovor the two Poles of a horse- Mect$cry» 
shoe Magnet a glass vessel* containing saline solutions Mh/atlnn. 
of such concentration as to crystallize in a few bourif • 
lime. lie employed Acetate of Lead, Muriate of Am- 
monia, dr Proto-Sulphate of Iron. When crystallization 
had taken place,* it appeared that there whs a clear ^ f 
round spaqe left vacutft between the two Poles where. X 
the Magnetic fame was strongest ; though the rest of 


1 



616 


C.H E M I S T It Y. 


References, 


Chemistry, the bottom of the vessel was uniformly covered with 
crystals. 

Such is the scanty display of facts which we are able 
to*pr<»duee in connection with this branch of our sub- 
ject, but we think they are sufficient to show that Mag- 
netic action does exert some influence on molecular 
attf action. 
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PART II. 

CM APT UR 1. — General Physical Properties of Ponderable Matter . 


(41.) The Properties of Matter which we profess to 
examine in this Treatise are those that are strictly Che- 
mical. Bui it must not thence be inferred that we have 
no business with the Physical Property of bodies, for 
several of those marks by whuh a Chemist distin- 
guishes one substance from another me, strictly speak- 
ing, Physical Properties. Sueh as Hardness, Specific 
Gravity, Elasticity, Colour, &e. To investigate all 
these fully is a part of the province of General Physics, 
and secern! of these properties form the basis of all 
Mechanical Science. J n this preliminaiy introduction 
we shall as briefly as possible mention those Properties 
*. which are essential to the understanding of future Sec- 

tions, entering at the same time rather more fully upon 
sueh details as form a portion of the operations of prae- 
tital Eheini«try. 

pi „ ua j (42 ) Magnitude is a Property belonging to all sub- 
Ptuprrticb stances, ami need'' not t be made more intelligible by 
verbal definitions: let it only be remembered that it 
refers to space alone. Magnitude may be Linear, Su- 
perficial, or Solid ; in which latter case it is usually 
spoken of under the term Volume. Jlivisifnfity is a 
Property of Matter leaving reference to Magnitude. 

• Mathematically speaking. Matter iff divisible ad infini- 
tum , but Iht* practical' or mechanical divisibility of 
Matter is limited by our powers of handling or viewing 
• minute object^. Hence it is that the Chemical divisi- 

bility, of Mat ter greatly exceed.* that which can be effected 
mechanically : for by dissolving a solid substance in 
any appropriate menstruum- we may very greatly dilute 
the solution, and still be able to prove by reagents (hat 
. every portion of the solutioft, however minute, contains 
) . also some portion of the original Solid. The limit to 
‘ this also #ee*n# to bo fixed by the powers of .our organs 


of vision, &o. But in this case the extreme minuteness 
of that portion of solid matter which has been separated 
from the original mass, and thus indirectly again recog- 
nised, almost surpasses our conception 

That Property of Matter about which much has been 
written under the name of Impenetrability of parts, is, 
in fact, the same thing as the P'operty of being touched 
and felt, by which we are convince^ erf the existence of 
substances. Generally speaking,- two substances can- 
not exist in the same space, and this is all that is 
meant by the property of Impenetrability; but the 
existence of the Property itself, speaking with mathe- 
matical rigour of Matter in its natural state, seems to 
be at least doubtful. Tt- is supposed that no substance 
is absolutely solid, ami the experiments with metallic 
alloys, in which great condensation frequently takes 
place, as well as thd solution of solid masses of metals 
or salts in liquid menstrua, without proportionality 'itfld- 
ing to the volume of the inass, goes far to support the 
mathematical view of the case. Impenetrability exists 
if we speak of any one given substance only, and it 
must exist, with reference to all Matter if we possessed 
itein an absolutely solid state; but as tins in never the 
case, we cannot assert it of all heterogeneous bodies 
with reference to each other. » 

It would appear that all substances are Comprmibte; 
some to a great extent, as the A er N°rm Fluids; some 
scarcely at all, as the Liquids and Solids. 

Elasticity is also a term of frequent occurrence 
among the Physical Properties of bodies : it is defined l 

to be that Property by which bodies that undergo com- 
pression return to their former state upon the removal 
of that pressure. » It has not been so done, but some 
limitation ought to be $iade, as to the manner in which 



$ 11 


C & E M l S T R If! 


cif ■' 


■ chtmistry, that pressure is applied, for the Elasticity of air confined 
' ^ ^ 1 within a vessel is of one kind; and the Elasticity of a 
billiard ball is of a totally different kind. The former is 
the tendency of a substance which by a force impressed 
has been compelled to admit of a closer approximation 
among its molecules : to return to its original volume, 
due to its condition at the beginning of the experiment. 
# The latter is the tendency of a body to resume its ori- 

ginal form: that form having been changed by an 
externa) force, so applied that the molecules have had 
to chunge their position with reference to each other, 
0 but it is not essential that the actual volume of the sub- 

stance should have been diminished, though it is true 
in most cases of Elasticity thut condensation is more or 
less present. • 

Slate of Ag- (43.) The State of Aggregation in which all bodies 
gregaiion. exist, is either Solid, Liquid , or Aeriform ; the two 
latter are both comprised under the general term Fluid . 
As these states are Physically different, so are the effects 
produced upon them by the operations of various Phy- 
sical agents. 

Solids may be defined to be those substances the 
integrant molecules of which adhere together with such 
tenacity, that between them no relative motion nor sepa- 
ration takes place without the operation of some consi- 
derable extrinsic force impressed. The extreme measure 
of this innate adhesion is the limit which is sufficient 
for the substance’s preserving its solid form when left to 
itself be that form what it may. 

Fluids, on the contrary, have so slight a cohesive 
force existing between their particles that they easily 
move relatively to each other, and cannot, if left to 
themselves, preserve any form, but are contained in 
vessels tin med of solid matter for ibeir support. 

It is obvious that these two states, the Solid end the 
Fluid, may pass gradually into each other; and the 
freedom of motion among the particles is the limit at, 
which the solid state ends and the fluid one commences. 
For example, if a mass of Lead be taken, it is at first 
a solid, but, if*ty bi* sufficiently heated, the particles 
acquire the power bf moving among themselves with 
such facility upon tlie impression of any slight force, 
that, the fluid state commences and the Lead becomes 
a liquid. 

The aeriform suhstaiftes agree in all the Properties 

* 'hitherto attributed to liquids: they are strictly fluid, and 
, enjoy this property in a higher degree than the Liquids ; 

hut they possess also this remarkable one in addition ; 
viz. that theii* molecules are repulsive of each other, to 
aivy«e\tent at which they have hitherto been tried. The 
aeriform tluids«rcquirc to he confined in vessels of solid 
mutter; but whatever be the magnitude of the vessel, 
the idiorepuisive forces of the molecules enable them to 

• extend themselves equally throughout all the space 

contnined'WitJpu the vessel. # 

(44.) \Ve are able, by various means, to make many * 
substances pass through each of these states, the Solid, 
uie Liquid, and the Fluid, in succession. Thus ice, by 
the application of .llcat, passes from the solid to the 
fluid state, and by ah increased action of the same 
Physical •agents the water passes to the aeriform state, 
becoming Sicam. Reasoning upon Analogy we may 
conclude that all substances in Nature are capable of 
existing in each of these three forms, but there are few 
► substances which our means are suffyi'iouflv powerful for 
US ho to exhibit. Some Solids we are finable to fuse, 
that is, to reduce to the formraf Liquids; l;pt us the 


means of producing intense Heat have been increased, 
this number has been gradually diminished. Many 
these, however, our means do not enable us to volatl- - * v f 

lize, though we have just reason for supposing that the 
defect lies in our powers, and not in the natural Capa- 
cities of the bodies. 

Heat is the principal Physical Agent by which thfcse 
changes arc. effected, but it is not the only one, for Che- 
mical Affinity can produce an analogous operation. 

Thus when two substances, existing in different me- 
chanical states, combine together, the resulting body is ; 
of the one state or the other ; in which case one of the 
two yields up its original condition to the laws which 
regulate the existence of the other substance. For 
example. Silica, which in its pure state is a solid, mutes , 
with Fluoric Acid, and becomes an invisible consti- 
tuent part of a. (ins; a term given by Van Helmout. to 
aeriform fluids uud still much employed by Chemists 
to designate all such that are not vapours, Atmospheric 
Air excepted. Oxygen Gas unites with Metals, and 
thus becomes a Solid. In other cases both snlmtunecH 
change their condition ; thus Oxygen Cias a ljtl Hydro- 
gen (Jus unite, and form the Liquid, Water ; Ainino- 
niaeal liras and Muriatic Acid Gas unite to form a solid 
substance, the Muriate of Ammonia. 

(15.) ft has been supposed by many Philosophers, 
tjjal the state of aggregation of bodies depends upon 
the resultant of two opposite forces, the one an attrac- 
tive one, inherent in the molecules of matter, the other 
a repulsive one, due to the operation of combined 
caloric. And, further, that a body is solid when the 
attractive force surpasses the repulsive one, liquid • 
when both arc in equilibrium, and ucriform when the 
repulsive one is the more powerful of the two, 

(16.) We find in all bodies a tendency to fall to the (:r ' 
ground, or, in fact, towards the centre of Jhc Earth ; 
the measure of this tendency, or force, is called the 
I Frill hi o! the body. In various masses taken from the 
same substance, the Weight is in direct proportion to 
the volume of the body. But as it is obvious to all, 
that in masses taken from different substances, the 
Weight of a given volume of one differs greatly Amu 
the Weight of an equal volume of another, it is con- 
venient to have some mode of expressing this dif- 
ference. 

For this purpose Jet it be supposed, that we ht*l a Sprerfiff + 
Table exhibiting the Weights of some gnoe volume of <*noitv, 
all substances known ; and, further, Jet the number 
expressing the Weight of auv one of these he made the 
unit of the scale; then calling thistjno, and reducing all 
tlie other numbers, so that they hear the same propor- 
tion to unity, which their true Weight* for the given 
volume bear to the true Weight of the given volume of 
the substance adopted for the standard, we arrive at 
wnat is called the Table of Specific Gravities : that is 
trt say. a Table of the proportionate, tendencies of sub- 
stances to the Earth without reference tn,their quantify • 
or magnitude. Solid Bodies and Liquids an* usually 
referred to water as tlje unit of their Specific Gravity, 
but to this subject, we shall return he toil for. 

(47.) It must be obvious that, as this tendency oi 
bodies to the Centre of the* Earth is a part of the inn- 
•versul law of Attract tan, the Weight of a given mass of 
ai\J sifostawc must chat\ge if estimated at different 
distances from tlie centre of force. Tims in conse- 
quence of the spheroidal figure of the Earth, bodies 
weigh lesiTat I. ha Equator than’ they do at the Poles; 
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Chemistry* and of course less on the summits of high mountains 
''—•V - **-'' than in the plains below. 

(48.) In matters of great delicacy when Solids are 
concerned, and in all cases when aeriform matter is in 
question, the Specific Gravities of bodies are supposed 
to be taken in vacuo; and at some given temperature ; 
as, "otherwise, the dilatations or contractions produced 
by Heat would greatly interfere with uniformity of 
result. 

Proceeding upon these principles; if W be the 
• • Weight of any mass of matter, S its Specific Gravity, 

g the force of Gravity at the latitude in which the expe- 
r riments are made, and W ; the Weight of an equal 
r volume of water, at the standard temperature which in 
f England is usually taken at 60° Fahrenheit, or some- 
times 62° Fahrenheit, 

W = gW' S. 

Here it is to be remarked, that W, W', S, and g, are 
not absolute quantities, but abstract numbers, each 
referring to some assumed unit. 

In France, it is usual to adopt for the standard Tem- 
perature that ut which water lms its maximum density; 
r and from the constitution of the French System of 
Weights and Measures, the Gramme Weight consists of 
L one cubic Centimetre of Distilled Wafer at that temper- 
ature. If therefore V lie the number of c ubic Cent - 
metres in the mass, V is also the Weight in grammes 
of the volume of water equal to that of the sub- 
stance. And V S becomes the actual Weight of the 
same volume of any other substance whose Specific 
Gravity is S. 

Should it be required to find the value of W' for any 
given volume of water; W'= 252,158 V Troy Grains; 
Thermometer 62° Fahrenheit ; Barometer 30 inches ; 
where V rders to English Cubic Inches: because at 
that Temperature and Pressure, one Cubic Inch of Dis- 
tilled Wuter weighs 252,458 Troy Grains, according to 
the latest examination. 

(49.) The following General Theorems are of con- 
stant service to tlie practical Chemist. 

Let W be Weight, V Volume, and S Specific Gra- 
vity. 

Then, generally, W oc V S, 

* u W , W 

S cc — , and V cc 

Let there be two substances mixed, or combined, 
providing only that yo condensation take place. 

Let W^, W,/, and W,, be the Weights of the mixture, 
the denser, ami the lighter bodies respectively. 

Alsu let S w , Sj, and S*, be their Specific Gravities 
respectively. 

And V m , V d , and V, their volumes respectively. 
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(52.) Also 


(50.) Then ‘ S„ 


(51.) Or 


W, + W, 

v, + v ( * . 
w 4 + w, ■ 




St s,. 


). 


which is the usual formula, but in* practice it is more 
conveniently represented thus* .* ■ * 


V, -a 

s m -i, 

*— 

S„ - S ’ 

V. =s 

St- s. 
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(53.) And 

(54.) Also 

(55.) And 

(56.) If these formulae be applied to the case of 
Atmospheric Air, S m becomes = 1, because in all ques- 
tions relating to aeriform bodies, the Specific Gravity 
of Atmospheric Air is made the unit of the scale to 
which S, and S d are refewed. From all tne above for- 
mula* g has disappeared,* because it is usual to consider 
the force of Gravity unity. 

(57.) These things being premised, we need only Exp : in<io,, 
advert to one other Property of Matter which ulso is from Bent, 
general in its effects, or,»operations. It is this, that 
whether matter exist in the solid, the liquid, or the 
gaseous form, it dilates by the application of Heat, 
and contracts when Caloric is abstracted. By this pro- 
perty the Solids are least affected, the Liquids rather 
more so, and the aeriform substances possess this Pro- 
perty to a very great extent. From their Physical con - 
stitution it is obvious that this must be the case; for 
since the molecules of all liases and vapours are in so 
active a state of mutual repulsion, that their volume at 
all times depends upon the pressure to which they are 
subject, if we suppose an equilibrium between that 
pressure and the elastic force of the Gas, any accession 
of Caloric, which, as is well known, increases the re - 
pulsive force, will enable the aeriform Fluid to expand 
itself, and to occupy a larger volume. 

The case of water, which has its maximum density at 
40° Fahrenheit, and of those metals which expand 
during the act of solidification, does not justly form mi 
exception, for all these elfects are dependant upon a 
new arrangement of the molecules which takes place 
during the process of crystallization. 

(58.) It may he convenient to note the general for- Genera 1 
mu lac fur the expansions of all bodies by accessions of formulas, 
temperature. 

"Let \ Tl be the volume at any temperature t ’ ; and V" 
be the volume ut toinpemiturc where t* and t" are 
counted from the point of melting ice. Also let K. be the 
true cubic dilatation for each unit of volume, (in terms 
of V,) and for each degree of the thermometer to*wbich 
t refers. * 

Thus, generally, (Heat, 35.) V" = V' . ^ y , 

which formula applies to Solids, Liquids, or Gases. 

(59.) But since in some Tables of dilatations, the linear 
dilatations only are given, let this = k , then in this case, 

I -f 3 k tP_+ 3 A 3 
1 + 3 it / r + 3 k 2 & + A* 

(fiO.) Aud it has been shown (Heat, 35.) that in 
Solids where at a distance from their fusil)/; points the 
dilatation is very small, we may make K s= 3 k t and 
employ the formula in Art, (58.) ; or as a still more 
simple, though less rigorous, expression, we may use 
this < 

, V" as V' { t + K (<" - t f ) } t 


V" = V' 
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Chemistry. 
Solids only. 


Properties that belong to Solids exclusively. . 


(61.) There are several of the Physical properties of 
Solid Bodies, which, though not strictly Chemical, 
afford valuable assistance to the Chemist: such are 
Brittleness* a property too well known to need descrip- 
tion : Ductility * or the power of being drawn out into 
wires : Malleability , the capacity for being beaten out 
into thin Lamina;. Gold is the most malleable of 
metals, und it is also extremely ductile, but thes$ pro- 
perties do not uniformly accompany each other, for 
Iron is tolerably ductile, but malleable only to a very 
slight extent. Tenacity depends upon the cohesive 
force with which ^he molecules of a solid adhere to- 
gether. Many experiments have been made on this 
subject chietfy referring to the metals. Their Tenacity 
has beeh estimated, by ascertaining what is the utmost 
weight that a wire of given diameter will be able to 
sustuin without being broken. The Hardness of Solids 
differs greatly, and is frequently used us a test, espe- 
cially In Mineralogical researches. The Fusibility of 
those Solids that we are able to melt by heal differs 
considerably. Vide Treatise on Hi;at, Art. (65.) and 
Table IV. Appendix. The ftrtatility of substances 
frequently senes as an auxiliary property for sepa- 
rating one substance frouf another in Chemical Pro- 
cesses, as this property- differs, in extent for differ- 
ent substances. The Compressibility of Solids exists, 
though it is scarcely used as a mark of recognition ; 
for the Specific Gravity of metals is increased by 
their being hammered. Plasticity and Sonorous- 
ness are other existent Properties that need only to 
be named. The Texture of Solids, or the mode in 
which their Klemeutary Molecules are united to each 
othtr, is a subject of great, intricacy, but is one which 
at times falls under the Chemist's examination ; us, for 
instance, in the experiments made by Messrs. Stodart 
and Faraday upon the metallic alloys, by submitting 
them to the action of •dilute acids. The Structure of 
Solids refers lyore particularly to Crystalline Bodies, 
und max lie desrt’ityed as that species of texture which 
results from the aggregation, of the variously foimed 
integrant molecules of the Crystal. Crystalline Form 
is also an important feature in the description of many 
Solids, such as the Metals, Salts, and native Minerals, 

» but its study forms’un independent branch of Mathe- 
matical Science. The Specific Gravity is, of all others, 
that property which affords the readiest, and frequently 
the most decisive, Physical indication of the nuture of 
a solifl substance. * • 

*\62.) From the explanation already given of the 
nature of Specific Gravity, Art. (4(5 ) the rationale of 
the meuns employed for ascertaining the Specific Gra- 
vity of Solid Bodies will be very apparent. The sub* 
stance is first weighed in air, and then in water. The 
apparent of weight by the latter process is equal 
to the weight of the volume of water displaced by the 
•presence of the solid. • % 

Let W # be the weight in uir, and W|*he decrement 
of weight from life immersion ; i. e, the weight lost. 

W 

•T|eu the Specific Gravity S = 

Strictly speaking, the first weighing should t&ke place 
in vucuo, and the temperature of the Bodies, especially 
the water* should be 62° Fahrenheit, the Barometer 
standing at 30 inches. The instruments employed 
are either the Hydrostatic BaSunc# of Nicholson, or a 
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delicate Balance of the t ^ftamoncon8t«icUon ; in which 
case the substance to bit weighed is appended by 
hair from one of the arms* and thus immersed in the . • 
water. 4 ♦ 

(63.) When it is required to find the specific Gre<* 
vity of a Salt or other substance that is soluble in water, 
the usual process may he followed by using instead of 
water, oil or alcohol, or any Liquid of known Specific 
Gravity, in which the substance is .not soluble. Inthte 
case the process affords the Specific Gravity of the ftub- 
stanee, referred to that of the Liquid in which it has 
beef weighed, and as the Specific Gravity of this Liquid 
is known witli reference to water, the* Specific Gravity 
of the Solid is easily calculated from these ratios. • • 

(64.) Various methods have been devised for obtain- 
ing the Specific Gravity of Substances in the state of # 
Powder ; of these the following is much the best. It 
was originally proposed by M. Say in the Annates de 
Chtmie , tom. xxiii, p. 1 ; but the following description 
is given of the instrument as employed by Professor 
Leslie, in the Annals of Philosophy for April 1{^6. 

“ The instrument consists of a glass tube, ae, about 
three feet lung, open at both ends. 

The wide part, a 6, is about of an 
inch in diameter, the part h e. about 
The two parts communicate at 
b by an extremely fine slit, which 
sifters air to pass, but retains sand 
or powder. The mouth at a is 
ground smooth, and can be shut so 
as to be air-tight by a small glass 
plate shown a little above it in the 
figure. The substance whose Spe- 
cific Gravity we wish to find, sup- 
pose it to be sand, is put into the 
wide part of the tube, a b , which 
may either be filled to the top or 
not. The tube being then held in a j — 1 

vertical position, the narrow' part in v ' 
immersed in an open tube or vessel, .r, filled with mer- 
cury, till the mercury rises to the gorge nib , The lid is 
then fitted on air-tight at a . I vi this state it is evident 
that thcie is no air in the tube except what is mixed with 
the sand in the cavity a b. Now suppose the Baro- 
meter at the time to stand at 30 inches, and that the 
tube be lifted perpendicularly upwards till the mercury 
stands in the inside of b e at a point c, 15 inches above 
its surface in the open vessel x. Had the Barometer 
stood at 'J 9 inches, the height must have been 14 J 
inches, and so on ; which may be regulated by a scale. 

It is evident, then, that the atr in^Ue inside of the tuhe 
is subjected to a pressure of exactly Jialf an atmo- 
sphere, ami of course it dilates and fills precisely twice 
the space it originally occupied. It follows, too, that 
since the air is diluted to twice its bulk, the cavity a b 
contains just half of what it did at first, and the cavity 
b c now containing the other half, the quantity of air- 
in each ol these pints of the tube is e<f»ml. In othef 
words the qifcmtity nftair in b c is exactly equal to what 
is mixed with the sthul in a 6, and occupies precisely 
the same space which* the whole occupied before its 
dilatation. Let us now suppose the sand to be taken 
out, and the kuiuc experiment repeated, but with this 
’difference, -lb at the cavity u'b is filled with air only, It 
i& obvious, that, as the ifuuntity of air is greater than 
it was when part of tljc caVity was filled with sand, ft , 
will, '4W1 dilated to double tile bulk, under a pressure 
• * 
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Chemwiiy. of 16 inches* occupy ft larger space than in the other 
experimetrt, and the mereury will only rise, kt us sup- 

* pose to d. But let it be remembered that the att e- 
nutated air in the narrow tube always occupies exactly 
the space which the whole occupied under the ordinary 
atmospheric pressure. Now this space is in the one case 
the* cavity b c, and in the other b d . Hence it clearly fol- 
lows, that the cavity c d, which is the difference between 
these, is equal to the bulk of the solid matter in the 
sand. Now by marking the number of grains of water 

• held by ‘the narrow tube be on a graduated scale at- 
* tached to it, we can find at once what is the weight of 

a quantity of water equal in bulk to the solid matter in 
( f the sand, and by comparing this with the weight of the 
sand in air, we have its true Specific Gravity. 

“As come porous bodies, such as Charcoal, hold 
much condensed air within their pores, and may, pro- 
bably, retain this property in some degree even when 
in powder, the chance of error arising from this source 
is obviated by comparing the dilatation which takes 
place under different degrees of pressure — under 10 
inches and 20, tor instance, or under and 1 5. 

“ The Specific Gravity of Charcoal is generally esti- 
mated as under 5, but by this process the powder of 
c Charcoal exceeds that of the Diamond. The Specific 
Gravity of Mahogany is 1.06, but of Mahogany saw- 
« dust 1.68. That of Wheat flour 1.56, and of pounded 
Sugar 1.82. Of Salt 2.15, agreeing with the common 
estimate. Volcanic ushes 4.4, being equal to that of 
some metallic ores.” 

Corrections. (65.) Should it he necessary to introduce these very 
«miuute corrections, which depend upon the tempera- 
ture of the substances or liquids employed, the for- 
mulae for this purpose may be seen in M. Biot's Phy- 
sique, vol. i. p. 426, though we cannot devote the space 
requisite for their introduction into this Treatise. 
Sotidsab- (66.) Substances which are usually called Solid, 
*orb Gases. [ike Charcoal contain numerous pores, are 

capable of coudensing within those pores very consi- 
derable quantities of Gases : but to this property we 
shall advert when we have entered more fully upon the 
t description of aeriform fluids. 

Properties that belong to Liquids. 

Liquid#. (67.) Of the extensive catalogue of Properties that 
4 has been recited as belonging to Solid Bodies, lew 
only will be found to apply to those Substances which 
exist in the Fluid State. 

Tenacity. In Tenacity the Fluids may be said to differ slightly, 
as there is a difference in the magnitude of the drop 
that may be formed by each when fulling from the 
mouth of a Phial : and the quantities which will issue 
from small orifices under given pressures are found to 
be variable. This circumstance, however, may also be 
explained by attributing to each different degrees of 
their cfomicleristic Property Fluidity. 

Volatility. * ( Some Fluids are of easy Volatility i others are not 
volatile ut alf under any processes to which we can 
submit them ; though analogy and experiment would 
unite in leading us to suppose that ail substances in 
nature arc capable of being rendered fluid, and of being 
alio volatilized by the application of a sufficient degree 
of heat. Vide Treatise on He At, Art. (65.) &c. And it is 
to be remembered, that in practice some, substances, 

* such as the fat oils, take fire, and are consumed upon a 
- sufficient elevation of temperature : so that the 'univer- 
sality <rf the ism aeeihs here to be interfered wit)? by the 


resence of another phenomerfon, The exception is, Part II. 

owever, only apparent, for the fkt oils are capable of ^s / ***' 
regular distillation in vacuo. 

Circumstances connected with the evolution of Ebullition, 
vapour, and its passage through the fluid, produce 
the phenomenon of Ebullition . Fide Treatise on He At, 

Art. (73.) Ac. The temperature at which fluids boil, 
or pass into the state of vapour, frequency forms a part 
of the Chemist’s researches, and ought always to be 
slated among the physical properties of every fluid. 

(68.) For a long time it has been questioned wbe- Compressi- 
ther liquids were compressible, and water was the bilkyol 
substance upon which experiments were made. The * ul 8 ‘ 
Florentine Academicians were the first to devise a pro- 
cess which by its result seemed to prove that water 
was compressible to a sljght extent: the ^researches of 
Professor CErsted and of Mr. Perkins have decided 
this point satisfactorily. By a pressure of 2000 atmo- 
spheres, Mr. Perkins reduced a mass of water to $of its 
original volume. 

(69.) As might be expected, the Specific Gravity of Specific 
Liquids forms an important feature in their Physical Gravity 
History. Water is made the unit of the scale to which Liquid#, 
they are referred as iiP the case of solids. The mode 
usually employed for obtaining equal volumes of the 
two substances to be compared is very simple : the 
weight of the water, v ’dch is contained by a. small bot- 
tle capable of being accurately closed, is compared with 
the weight of an equal volume of liquid obtained by 
filling and weighing the same bottle. 

Let W„ and \V f be the weights of the wuter and of 
the liquid respectively, then the Specific Gravity 

W, 

s “ w„- 

And for greater simplicity, the small bottle or flask is 
sometimes made to hold exactly 1000 Grains of Dis- 
tilled Water, and a constant counterpoise is provided 
for the empty bottle ; so that when it is filled with any 
other liquid, the weight that is* required in addition to 
the counterpoise to produce un equilibrium, represents 
ut once the ratio borne by the liquid I'o 1000 grains of 
distilled water; or, in other words, the Specific Gra- 
vity of the Fluid. 

(70.) It is evident, however, that the rule above 
given produces only an approximative result. For, in 
the first pluce, both the water and the fluid must be 
referred to some fixed standard of temperature, to ob- 
viate the effects of dilatation. 1 n France, this stand- 
ard point has been judiciously placed at the maximum 
density of water, whifch i* about 40° Fahrenheit, *but in 
this country 62 Q Fahrenheit is usually considered the 
standard point. In the next place, the dilatation of 
the bottle should be allowed for by calculation. The 
experiments also should be made in vacuo ; or else 
reduced by calculation so as to obviate the errors arising 
from their being made in air and moisture. And 
lastly, the Barometric Pressure should not be over- 
looked. * 

It would be easy to insert formula? which afford 
these corrections, but in practice they are seldom re- 
sorted to, and tiie limits to which we must here con- 
fine ourselves, ouly permit our referring/I those who 
may witfh for (briber information on the subject to 
M, Biot's Physique, tom. i. p. 399. 

(71.) We have already adduced in Art. (58.) ft gene- Dilatation 
ral formula applicable to the Dilatations of Liquids 
by the E fleet of Caloricg but since it always happens 
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iMwatty. that Liquids are contained in vessels formed worn 
** some material which is also affected by heat, though 
it may be in a greater or less degree, it becomes 
necessary that we should be able to compute the Value 
» of the apparent inaccuracy thus introduced. On this 
subject consult the Treatise, on Heat, Art. (42.), whence 
we learn that if V be the volume of a fluid contained in 
any vessel at 82° Fahrenheit ; V 7 the apparent volume 
that the Fluid in the same vessel assumes by being 
heated t° above 32° Fahrenheit ; B the true cubic dila- 
tation due to t° upon each unit of which V is a multiple ; 
and K the cubic dilatation of the substance of the 
vessel for each decree to which t refers, expressed also 
in terms of that unff to which V and V' refer ; that 


where 
V'K t 


V' - V 


B — 


is the true dilutalion of the fluid, and 


is the correction to be applied in consequence of 

V 

the dilatation of the vessel. 

Now let 0 be the true cubic frlilatal ion of the con- 
tained fluid for each degree of the scale to which t 
refers, and the same being true for any other tempera- 
ture t\ (above 32° Fahrenheit,) u;,«* have 

V' - V . V'K * 
t = ~ t~ 


whence 


V' = V. 


V 

4 VO 


V 


arid, similarly, V" = V . 


\V' 


1 4 t'K. 

1 + 1 " 4 
1 +t" Iv 

___ fJL +t"0 l-M'K 


t’K\ 
VO (’ 


I ji((int1s ab- 
''ort> Gases. 


+ t"k ’ 1 + 

which is independent of the volume at 32° Fahrenheit, 
and is true for uny Liquid or Gas contained in any 
expansive vessel* 

(72.) Liquids lfbvjt; the the power of absorbing Gases, 
and under the head of acriforpi Fluids that property 
will be noticed. 


Physical Properties of Aeriform Bodies. 

iadbis™ 1 * * (73.) The properties which we have to record as 
l belonging to aeriform fluids # are, as might he antici- 

pated, more nearly similar to those of liquids, than to 
those qf solid*. Thojr are Tenuity* Weight, Comprcm- 
bitjty, and Elasticity . 

Aeriform bodies have frequently been divided into 
two classes : permanently elastic gases and vapours : 
the former comprising atmospheric air, and those gases 
• which under all our ordinary operations at common 
temperatures are permanently elastic. The latter con- 
sisting of vapours produced from solids or liquids by 
the influence of caloric. It would seem, however, from 
ftie analogies presented by certain recent experiments, 
that the distinction between these two classes is rather 
formal than real. In ^hort, that the difference, though 
confessedly jwell marked, depends solely upon those 
temperature* and pressures under which we live and 
make our experiments. For by the skill of Mr. Fara- 
day, many of those gases which formerly were con- 
, sidered as permanently elastic have* been exhibited 
under the liquid form. * • • 

There is, however* so greal unpractical difference 


between the vapour of vfifcer, and off otiMa* . partin'. ’ 

rises at 'so lew a temperature as W» bfc 
sent in our experiments, arid the vapour of pure carbon, * 
which has only been undesigneifly produced daring the 
most intense heats, employed on a large scale, that for 
convenience we shall, in some degree, adhere to the did 
arrangement, and thus speak first of pure and dry gases, 
proceeding afterwards to the vapours. 

To speak with strict precision, as far as our present 
knowledge permits, we may define both gases and va- 
pours to be solid bases, united with such a portion of # 

caloric as that the combination resulting exists in the 
aeriform state, • * ’ 

Pure dry Gases. % 

(74.) It would appear that a difference exists in the Tenuity, 
molecular constitution of gases, both from the differ- 
ence of their specific gravities, their difference of Tenu itp 
proved by the times that given volumes of each gas 
require for passing through orifices of given magnitude, 
and also from certain Chemical views arising out«of the 
theory of Atoms. Mr. Faraday ascertained Jthe times 
requisite lor the escape of different gases from a vessel 
whence they issued through capillary tubes. The pres- 
sure at the outset of the experiment was the same in 
each cas** for all the gases, viz. l^atmosphere. 

# Carbonic Acid escaped in. . . 156',5 

Olefiant Gas 135'.5 

Common Air 128'. 0 

Coal (Jus lOO'.O 

Hydrogen 57 '.0 

Under low pressures (he differences are not so great ; • 
for in one such case a certain volume of olefiant gas, 
and an equal one of hydrogen gas, issued in the same 
interval of time, the pressure being inconsiderable. 

Hydrogen gas, under the pressure of a smull column of 
mercury, escaped through some very small orifices in 
one-third of the time that an equal volume of olefiant 
gas did. The differences between the results of these 
experiments increased in proportion to the resistances 
opposed to the issuing of the fluids, whether these 
resistances arose from diminishing the diameter of the 
tubes, or from increasing their lengths. The propor- 
tionate limes of escape did not vary in any ratio with 
the specific gravities of the gases. And the rat ms 
expressing the issuing powers of different gases under 
the same pressure, did not bear any direct proportion 
to another corresponding set of numbers resulting from 
a similar experiment under a different pressure, (d.) 

M. Girard subsequently made some experiments of a 
similar nature, on a large scaft, from one of the gas- 
ometers for lighting Paris. • 

The comparison refers to common air and earburetted 
hydrogen, issuing from equal orifices, at equal distances 
from the gasometer, under the same pressure, and 
•dftring a given time. The lengths of the pipes through 
which the airs passed were as the numbers 1288,3758, 
and *5228; the quantities of atmospheric air issuing 
were as the numbers 902, 541, and 394, and of carbu- 
retted hydrogen as tfie numbers 1281, il 0, and 541. 

M. Girard’s paper is well worthy of attention. (M 

(75.) The gases differ considerably from each other Weigh* 
in weight, that is in specific gravity. Thus we find our 
atyentiem called to two problems, which frequently 
occur to the practical Chemist for solution. The one 
the determination of the . absolute weight of a given • 
volume .of ‘any gas under q, given temperature and 
* 4 m 2* 
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Cbumiairy. pressure ; and the other* the ratio pf such weights . for 
w-v-*w all the different gases, that is their speciftR gravities, 

• referred to the weight of any one among them as a 
unit For this purpose Atmospheric Air has been 
employed, calling its weight unity in the Series, 

On the general principles of Specific Gravities, if we 
haye the weight of a volume of dry gas and of an equal 
volume of dry atmospheric air, at a given temperature 
mid pressure, the specific gravity of the gas equals the 
weight of the gas divided by the weight of the air. But 
before we enter upon the practical processes for obtain- 
* ing the Specific Gravity of a Gas, we must become 

better acquainted with certain other properties of aeri- 
f * foqn Fluids. 

For the Specific Gravities of the gases see Table 
1 No, 1, and consult References (c.), (d.), (c.), (/.), (g.) 
Compres- (76.) A pure and dry gas is capable of being rne- 
«ion and chnnically compressed when confined in a close vessel, 

Elasticity. an( | U p on the rem oval of the pressure, the aeriform fluid 
returns to its original volume. And when air is con- 
t fined hi a bent tube and loaded with different weights 

of mercury, the spaces into which it is compressed are 
found to fte inversely as those weights. But the weights 
are the measures of the elasticity, therefore the elasticity 
1 always varies directly as the space occupied by the air. 

The density varies inversely as the space, and there- 
« fore the elasticity of air varies directly as its density. 
(Muriottc’s law.) 

Volume. (77.) Hence if V be the original volume of u gas 
under a pressure p % (usually expressed in inches of mer- 
cury in the Barometer,) and V' its volume under a 
pressure //, 

V p' 17 , p' 

V V P 

This formula is employed whenever we have the 
volume of a gas = V' under u known pressure p\ and 
wish to ascertain its volume under some other pressure 
p : in this case V is obtained from the above equation. 

Example. Having 100 cubic inches of gas at Baro- 
meter 28, what is this equivalent to under the standard 
pressure of 30 inches? 

Here V' = 100 p' = 28 and p = 30, 

(78.) If the air or gas be confined in u I all jur or tube 
standing over mercury, .so that the pressure cannot be 
naturally equal within and without the jar, and thence 
the air becomes dilated. 

Let the length of the column of gas in the tube =. x ; 
let the total height of tne column of mercury and gas 
above the surface of the fluid in the trough = h ; the 
altitude of the Barometer = p ■ ; then the true volume 
at that pressure. 


V': 


j- V "(*■')}; 


and V' may be reduced to V, if required, by formula in 
(77.) 

(79.) And should a similar reduction be required for 
gas standing over water, si net p ' refers to u pressure 
made by mercury, the preceding formula will become 

fi ** jc 


V' — 


P’ * l 


P ~ ~ 


13.5 




(80*) The weight of a given volume of any gas (at Part II. 
Barometer 30, Thermometer 60° Fahrenheit) a= V (in Wv 
cubic inches) X Specific Gravity x .305 grains Troy, Weight, 
(the weight of a cubic inch of dry atmospheric air.) 

(81.) The weight of a given volume of air or gas 
varies as its density (49,), and therefore as the pressure 
to which it is submitted. Hence if we Love the weight 
of a given volume of air at a given pressure, it is easy , 

to ascertain, by proportion, the weight of a similar 
volume under any other pressure. 

Generally, ~ = y and W = W • ~T* 

Example.. If 100 cubic inches pf atmospheric air, 
at Barometer 28 inches, weigh 28.466 grains Troy, 
what will a similar volume weigh when the Barometer 
is at. the standard altitude ? 

Here W'= 28.466 p = 30 p* = 28, 

30 

.\ W = - X 28.466 - 30.5 nearly; 

28 

30.5 grains being the weight actually admitted at pre- 
sent on the experiments of Sir G. Shuekburgh. 

(82.) But it is also known that all substances undergo 
a change of volume by Ileut, and that this operates < lurt . e,n ^ era 
upon gases to a very considerable extent. It has been 
shown (Hr. at, 34.) that if V be the volume of any sub- 
stance at 32° Fahrenheit, and V' its new volume when 
heated, t the degrees that it is heated above 32°, and 
K the cubic dilatation of the unit of mass tor each 
degree of Fahrenheit, 

V' = V. (1 + K t). 

Hence if we know the volume of a gas V at 32° 
Fahrenheit, we can learn its volume V' upon its being 
heated any number of degrees ; for it has been proved 
by Dalton and Guy Lussae, that K, the cubic dilatation 
of all gases, is 4 f {ii of the original volume, at 32° Fah- 
renheit, for each degree that they are heated. 

Example. Let it be required to know what will 100 
cubic inches of gas, at 32° Fahrenheit, become in volume 
when heated to 60° Fahrenheit. 

Here V =r 100 t = 28 and K = — — , 

480 

.-.V'=100 . (l +|?) =—^ = 105.83 cubicin. 

(83.) But It has also been shown (Heat, 35.) that the 
volume at any other temperature may be introduced into 
the formula without having recourse to the volume at 
30° Fahrenheit ; and this is a case of more firequent 
occurrence than the 'former. , 

For if V be the volume at 32° Fahrenheit, V' that at 
temperature t\ and V 7 ' that at temperature t ,f , we have 
from the general theorem, culling K the ctibic dilatation 
as before, 

V = V(1+K /') 

• V" = V(1 -f K *"). * * 

Hence by division we have 

K l " 

1 + K tf ’ 

480 -f if' 

480 +y for Fiib v nheft on| y- 

Example. Let it be required to calculate what 100 
cubic inches of gas, at temperature 50° Fahrenheit, would 
become, if heated to 60° Fahrenheit, * 


generally, V" = V' 


or 


= V' 


and thi$ «d«0 may be reduced to the standard .pressure 
p us the priding. \ 


Here V / « l00 He* 18 


<"s=2S 

t 


and K as 


480 ' 
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<3unin'ulty t 


V" as V' 


= 100 “ 9 , 
498 


Hh_K£ 

1+K t' 

102.008 cubic inches. 


vessel 


h 


A eight. 


I’ Dotation of (84.) And since air, or gas, is frequently confined in 
vessels Of glass or metal, which also change their abso- 
lute capacity by change of temperature, it is desirable to 
be able to compute the variations arising from this 
cause. For this we piay employ the general formula 
given in Art. (71.) 

(95.) Let it be required also to introduce into the 
formula last referred, to an expression which may pro- 
vide for simultaneously correcting the volume for any 
change of bafometric pressure from p * to p" during the 
experiment. 

Let p f and p" be the barometric pressures at the 
temperatures *' and *" respectively : then, by Art. (77.) 
we have * 

v« _ v' L 1±** \ 

■ p" ' U + <"K' 1 + *' o V 

which gives us the true volume ?iue to the pressure p' r . 

(8(5.) And if further we wish to reduce this to the 
standard altitude of 30 inches, we have from (77.) 

«" 

V (the volume at standard altitude) = V" 

uU 

(87.) Let us next consider how the weight of a gas is 
made to vary by change of temperature, i. e. 

Having the weight of a given volume of gas at. a 
given temperature, required the weight of the same 
volume at some other temperature. 

Generally, ifY* and V" be any tv. n volumes of gas, at 
temperatures t! and t ,f above 32° Fahrenheit, "'Inch 
\ulumes are both V at 32° Fahrenheit; the weights of 
any given volume of the gas being W 7 and W" at the 
temperatures // and t! f respectively. 

Then, by (82.) . V' = V (1 + k *'), 

and *.* V"=V(1 +£*"), 

. . V' : V":: 1 + kV : i + kt ff . 

But the weights oc as the densities which cc in- 
versely as the volumes. # 

• Hence W' : W" : : l +k *" : 1 + /; *', 

f+ k t f 
1 +kt ,r 

Example . If 100 cubic inches oT gas, at temperature 
50 < * > "Falirenheit % weigh 50 grains, what will an equal 
volume of the same gas weigh at 60° Fahrenheit? 

• l 4. h t f 

Generally, W" = W' 


and 


W" = W' . 


here 


• W' = 50 


i + **" ’ 
*'—18 *" = 28; 
18 


This Problem may Be ^lved attwoftfeps: firstaacer- part u. 
tabling the change from temperature by (83.), and then 
the change by pressure by (77.) ; bqt it is neater to em* 
body both in one formula* 

For this purpose call the original volume# tempera* 
turc above 82° Fahrenheit ; and pressure ; V\ and 
respectively. 

And let i " and p” be the new excess of tempera- 
ture above 32° Fahrenheit and the new pressure ; while 
V" is the new corrected volume. Also let Q he # the new 
volume corrected for temperature but not for pressure* • 


Then by (S3.) Q 
perature only ; 
and by (77.) 


__ V* 1 + * r 


* corrects tern* 


V" _ / 


Q p' 

p 1 

or V" = Q . which corrects for pressure, 

_ r , o' 1 4 k t' \ • «, 

= V' . . y-Tj-rjr by substitution. 

P J *j" a f | 

Example. Having 100 cubic inches of gas at 50° 
Fahrenheit and Barometer 2.9 inches ; required the • 
volume of this at 00° Fahrenheit and Barometer 30 
inches. • 

* ?/ ] -L Iff 

«™.n,%(8 9 .)V=V.i. r ±-*-. 

Here V' = 100 pT = 29 p " s 30 tf = 50 - 32 
= 18 *"=28; 

29 50 H * 

. ■ . V" = 100 . — . = 98.6 cubic inches. 

30 498 

(89.) Similarly. Having the weight, pressure, and The 
temperature of a given volume of gas; required the tor weight, 
weight of an equal volume wffen pressure and temper - 
i ture both vary. 

The same notation remaining, let Q represent the new 
weight produced, supposing the temperature alone had 
varied. 

Then by (87.) Q = W' . 

But weight oc density oc pressure. 


YV" 


- V -:, and W" = Q 


.*.W"=: 50,- 


1 + 480 


1 + 


28 

480 


= 49.015 grains. 


.Pressure 


(88.) It is frequently required to apply both the last 
inut temper- corrections to a quantity of gas obtained in some expe- 

tiSume* riment 5 

, 1 • Having a given volume of gas under*a given pressure 

and temperature; required the t new volitnie when both 
pressure and temperature are changed. # 


Q 1>"~ 

and by substituting the value of Q before obtained 
W » — W' P ''m 1 

y ' i -tki"' % 

Example. If 100 cubic inches of gas, Thermometer 
50° Fahrenheit, Barometer 29 inches, weigh 50 gfains; 
what, will 100 cubic inches weigh. Thermometer 6*0° 

► Fahrenheit, Barometer 30 inchefc ? 

Gc,«r,",. W"=W.£.i±^.- 

Here \V' = 50 p { = 29 p" = 30 , t = 50 - 32 
ss 1 8 und t" = 28 ; ’ , • 

= 50 -s- 555= 

(90.) All that has hitherto been said respecting the Tme lor »ll 
properties of a pure and dry gus applies equally to dry gases, 
atmospheric air,, or to a mixture of gases# provided 
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Chemistry, only that it 6 moisture be present, since it is proved by 
the elperiments of Gay Lussac that all gases undergo 
th£ same dilatations by the same increments of temper- 
ature, And that the actual cubic dilatation of gas, in 
being heated from 32° Fahrenheit to 212° Fahrenheit, 
is r 375 of the original volume: so that (Heat, 52.) 
the cubic dilatation due to one degree 


tiffed of 
moisture 


of Fahrenheit =2 • ~ — ss 0.002083 


1 

480 

1 


of Centigrade — 266.66 


: 0.00375 l of the volume at 
r melting ice. 


of Reaumur = 


213.33 


= 0.0046875 


Moist Gases, 


(91.) The general principles which regulute the 
effects of moisture when present iu gases have been 
already noticed in the Treatise on Heat, (79.) et seq. f 
wo wouW offer, therefore, in as concise a form as pos- 
sible, the practical results which demand the Chemist’s 
remembrance and attention. 

Let V* be the volume of a dry gas and V m the 
volume to which the former increases upon being 
saturated with moisture. 

Let p rr the atmospheric pressure, or the tension of 
the dry gas. 

Let f £2 the tension of the vapour due to the tem- 
perature and to be found from tables. 

Then since the elasticity of a gas varies inversely 
as its volume. 

Elasticity of dry gas (p) : elasticity of moist 1 ; V m : \ dy 
' . • . Elasticity of moist 

V m 

But (Heat, 91.) p = p . ^4 +/ 


Hence 


and 


v - p -f v 

r 

\ m = . v * 
p-i 


and 


easy to reduce this volume to that which is due to the 
standard temperature end pressure by (88.) : but we 
only speak of such a change as shall not condense the 

moisture. 

Thence having the volume of moist gas we obtain the 
volume of dry gas therein contained by (91.) 

(94.) But suppose that we had obtained the specific 
gravity of a gas in a state of saturation ; and that it 
was required to calculate the specific gravity of the 
same gas when dry. * 

Let p = the barometric pressure. 

Let f = the elasticity of the vapour due to the tem- 
perature found from Tables, Heat, Encyclopedia Metro- 
politana , Appendix, Table V. and Art. (79.) of that 
Treatise, and let S d , S B , and S m be the specific gravi- 
ties of the dry gas, the vapour diffused throughout the 
volume of gas, and of the moist gas respectively. 
V m , V 4 , and V w the volumes respectively. 

Then V w S m a = V d S< a -f V w S„ a 9 

where a = the weight of*a cubic inch of the gas at the 
given temperature and pressure ; for instance, in the 
case of atmospheric a?V at Barometer 30 Thermometer 
G0° Fahrenheit, a = .305 Troy grains, 

• ■ . v„ S„ - V-~Jx n S,, + V„ S, ; 

and if we suppose that the specific gravity which we 
have taken from the Table is the one belonging to a 
volume of vapour equal to the entire original volume of 
moist gas, 

v. = v„ 


so tlmt 


S_ = 


S, = 


_ r - f 


S i + s„, 


. (S„ - s„). 


p-f' 

But if, on the other hand, we conceive that the 
volume of vapour is to be estimated on the supposition 
that its volume is reduced to the volume of the dry gas, 
then V t> becomes = V* 


and vve have 




V - f 


(S rf + s„). 


Exatnple . Having 100 cubic inches of gas satu- 
rated with moisture at Barometer 30 and Thermometer 
60° Fahrenheit. Required the volume of this gas when 
dry. 

Here/ =r .524 by llaltdn’s tables p cr 30 \ m = 100 ; 
'30 — 5^4 

. • . V* =2 * — — . 100 98.253 cubic inches, 

30 

(92.) And if V„ represent a virtual volume due to 
the vapour, or, iu otln!r words, the quantity by which 
V rf is increased by the moisture, 

v.= v J + v^£v„- 

V -l x 

* V 

- f V 

or, ~— r A, ■ • : 

(98.) Supposing that we had a giycu volmne of a 
moist gas at some given /eniperature.and pressure, it is 


c — jt£.- s — s 
v-j 

which is the view taken by Professor Thomson, in his 
interesting experiments, First Principles , vol. i. p. 66. 

(95.) Formula for obtaining / immediately may be 
seen in the Treatise on Heat, (79.)— (82.): or its 
value may be found from the Table V., Appendix to 
the same Treatise. 

(96.) I 11 these calculations we frequertly require 
the specific gravity of vapours, especially that of the 
vapour of water at different temperatures. Now, 
far as we at present know, the specific gravity of 
vapour in contact with the fluid from which it is formed 
varies directly as the elastic force of that vapour. 
Encyclopedia Metropolitan#. (77.) * ' 

/. 


Hence 


X S„ 


where S. tend S,1, represent the specific gravities at 
«° Fahrenheit and .2 12! Fahrenheit respectively, f, and 


Rut II. 


Specific 
gravity of 
vapour. 



ItanUtiy. f M the elastic forces due to the temperatures ; which may 
be found from the Table V.* He at, Encyclop&dia Me- 
| tropotitana. Appendix : and B m , from Gay Lus sac’s 

■ experiments, as M2 ; 


■' 5 -=m s2 ' 


(97.) Should the case occur of gas confined in 
vessels standing over other liquids, the same formula 
would serve, varying only the expressions of Art. (79.), 
which depends upon the specific gravity of the liquid ; 
and of Art. (94.), which depends upon the specific 
gravity of the vapour of the liquid, at the temperature of 
any experiment. • 

9 Mixed and Moist Gam . 


(98.) And it is obvious that calculations on mixed 
gases are easily made on the principles already laid 
down ; remembering that they differ in specific gravity, 
but nil undergo equal expansions or contractions by 
equal changes of temperature, or by equul variations of 
pressure. \ 

m 

On taking the Specific Gravity of Gates, 


radical 
let hod. 


(99.) Being now competent to introduce the neces- 
sary corrections, we may proceed to the practical pro- 
cesses tor ascertaining the specific gravity of gases. For 
this purpose we require a good air-pump ; a large flask 
with a stop-cock ; and an air-jar graduated into cubic 
inches and provided also with a stop-cock. 

To obtain then the weight of a known volume of any 
gas, the flask is to be exhausted, then most accurately 
weighed, then filled with the gas by screwing it t ' the 
stop-cock of the air jar containing the gas: the weight 
is to be then again taken, and it is evident that the 
increase of weight is the weight due to the number of 
cubic inches that have entered the flask, as shown by 
the air-jar. • , 

The specific gravity of dry atmospheric air is always 
made unity, and the Weight of one cubic inch of dry 
atmospheric air is .305 grains Troy at Barometer 30, 
Thermometer f>0° Fahrenheit. 

Therefore at any pressure p and any temperature 

Fahrenheit, let V cubic inches of a dry or moist gas 
weigh W grains ; and let a be •the weight of a cubic 
inch of dry atmospheric air at the pressure p and tem- 
perature t° Fahrenheit. ± so that the weight of a volume 
V of dry common air at;; and t wouftl be = a V, then 

• W 

S (the specific gravity of the gas dry or moist) =r — , 

a\ 


^ind from hence, if moist the specific gravity of the same 
gas when dry may be found from Art. (94.) 

(100.) IVofeiteor Thomson has proposed ami em- 
ployed a method still more simple for taking the specific 
gravity of gases, with this advantage, that it is more 
independent of a very accurate exhuustion of the flask. 

Let W, W 1 , and W" f be the weights of the flask 
before exhaustion, after exhaustion, and when filled 
with the gas respectively. 

Then W — W* is the weight of the atmospheric air 
removed from the dusk : and W" — W is the weight of 
the gas admitted ; and since the volumes are in both 
cases the same, the specific gravities are as die weights 
directly. 0 S • 


Hence S (the specific gravity ofthegns) as 

which gives the specific gravity of the gas dry or moist, 
as it may happen to be, and it so far independent Of the 
atmospheric pressure and temperature. 

• 

J Specific Gravity of Vapours 

(101.) By far the best method for ascertaining the Specific 
specific gravity of vapours is that contrived by M. Gay gravity of 
Lussac, and well described in Biot’s Physique , voh i. va P dur# * # 
p. 291. The principle employed is that.of ascertaining 
the relative volumes of a body in the liquid state, and of * % 

the same body when converted into vapour at a known # 
temperature. We fear that it would occupy too much 
space, or the process is well worthy of insertion in this 
place. 

Power of Conducting Heat . 

(102.) A heated body, if placed under similtfr cir- Variable* t 
cumstances, will cool with different velocities in dif- P ower of 
ferent gases. We are of opinion that this can scarcely uct,n * 

be said to depend solely upon a difference in the con* • 
ducting power of these bodies; in some degree this 
may be the case, but probably the effect produced de- 
perils chiefly upon the motion of the gaseous molecules . 
by which currents are produced, and thus the heat is 
successively carried off rather than truly conducted. 

These views are favoured by the circumstance that the 
powers of different gases in favouring the escape of 
caloric from a heated body, seem to be in some inverse * 
ratio of their density. It was found by Dulong and 
Petit that the nature of the surface of the heated body 
did not affect the results ; but it has been shown by 
Count Rum lord’s experiments, that moisture in all 
gases materially aids their power to abstract caloric 
from the heated body. 

This subject has engaged the attention of Mr. Dalton 
and Sir 11. Davy ; the latter suffered the bulb of a Ther- 
mometer, which had been heated to L60° Fahrenheit, 
to cool in 21 cubic inches of each gas, at temperature 
52° Fahrenheit. 

The thermometer cooled down to 106° Fahrenheit 
iu the different gases, in the following times: 


m. see. 


Atmospheric air . . 

2 

0 

Hydrogen 

0 

45 

Olefiant gas , . . . 

1 

15 

Coal gas 

.... 0 

55 

Azote 

l 

30 

Oxvgen 

l 

H7 

Nitrous oxide 

2 

30 

Carbonic acid 

2 

45 

Chlorine 

3 

6 


• ( 103 .) The different gases possess different powers Pover of 
in the propagation of sound ; but this sirbject forms piwlucinf 
rather a part of Science of Acoustics. Put. Kirby, * our *' 1 ' 
Merrick, and X^eslie's experiments, in Nich. Jour, xxvii. 
and xxxiii. ; Phil Mag . xly. ; Trans. Camb. Phil . Soc. 
vol. i. • # 

(104.) It has been already. Stated (66.) and (72.) that • 
certain Solids and Liquids absorb Gases. On this sub- 
ject $e cannot Uo‘ better than offer the following excel* . 

lent statement by Dr. Henry. . , 

44 All solid bodies, that posses# a certain degree of Solids, 
porosity, are* capable of absorbing gases. 
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ChemUtiy. 44 Tills WA* first observed in charcoal. It has been 
found also by Saussure, jun. to belong to a stone Called 
meer-schaum, to adhesive slate, asbestos, rock cork, 
and other minerals ; and to raw silk and wool. The 
following general principles are deducible from the 
experiments of Saussure. ( h .) 

*1. “ It is necessary to deprive the solid of the air 
which it naturally contains. When of a nature not to 
be injured by heat, this is most effectually done by ig- 
niting the solid, and quenching it under mercury, where 
* it is to be kept, till admitted to a given volume of the 

gus to be absorbed. Solids that are decomposable by 
# heat, may be deprived, though less effectually, of air, by 

# placing them under a receiver, which must then be 
* exhausted by the air-pump. 

2. 44 The same solid absorbs different quantities of 
different gases. Charcoal, for instance, condenses ffO 
times its bulk of ammoniacal gas, and not twice its bulk 
of hydrogen. 

8. “ Solids, chemically the same, absorb different 
quantities of the same gas, according to their state of 
mechutiifal aggregation. Thus the dense charcoal of 
box -wood absorbed 7£ volumes of air, while a light 

# charcoal, prepared from cork, did not absorb a sensible 
quantity. 

f 4. M Different solids absorb different quantities of the 

. same gas; the quantity of carbonic acid absorbed by 
charcoal being about seven times greater than that 
absorbed by meer-sclmum. 

5. 44 When the solid exerts no chemical action on 
the gas, the absorption is terminated in 24 or 3fi huiirs. 

6. 44 The effect of moistening the solid is to retard 
the absorption, and to diminish its amount; and when 
a gas has actually been absorbed, it is again driven 
out unchanged, partly by water of the ordinary tem- 
perature, and entirely by exposure to u boiling heat. 

7. “ During the absorption of a gas by a solid, the 
temperature of the latter rises several degrees, and 
bears a proportion to the absorbability of the gas, and 
the rapidity with which it is condensed. 

8. “ Solids condense a greater number of volumes 
of the more absorbable gases, under a rare than under 
a dense atmosphere; but if the absorption be reck- 
oned by weight, it is most considerable under the latter 


state. 

f ti. 44 When a solid, saturated with any one gas, is 
introduced into an atmosphere of any other gas, a por- 
tion of the first is expelled, and a part of Lite second 
tukes its place. 

44 Gases are absorbed by liquids.” 4 

On this subject the Yollowiug general principles may 
be laid down. 

1,. 44 The same liquid absorbs different quantities of 
different gases. Thus water takes up its own bulk of 
carbonic acid, and not one-fiftieth of its bulk of hydro- 
gen gus. «• i 

2. “ Different liquids absorb different quantities of 
the same gns. Alcohol, for instance, absorbs almost 
twice as much carbonic acid as is taken up by an equal 
volume of t/aler. 

5. “ The absorption is. promoted by first freeing the 
liquid from air, either by long-continued boiling in a 
vessel with a narrow neck, or by the air-pump. It re- 
quires also brisk and long-continued Agitation, espe- 
cially with the less absorbable gases, 

4. 44 It does not appear that the gases are absorbed 
by all liquids in the /same order, For example, of 


four gases, naphtha absorbs rfiost olefiant gas ; oil o* 
lavender most nitrous oxide; olive oil most carbonic 
acid ; and solution of muriate of potatih most carbonic 
oxide. 

5. 44 The viscidity of liquids, though it does hot much 
influence the amount absorbed, occasions a longer time 
to be spent in effecting the absorption. On the other 
hand, the amount of uny gas which is absorbed by 
water, is diminished by first dissolving in the water any 
saline substance. 

6. 44 In general the lightest liquids possess the great- 
est power of absorbing gases; whereas, when there is 
no evident Chemical action, the heaviest gases are 
absorbed most copiously, and rapidly, by the same 
liquid. 

7. 44 The temperature of a liquid isf raised by the 
absorption of a gas, in proportion to the amount and 
the rapidity of the absorption. 

8. “ In all liquids the quantity of gases absorbed 
are directly as the pressure. For example, a liquid 
which absorbs its own hulk of gas under the pressure 
of the atmosphere, will still absorb its own bulk of the 
same gas under double, tri pie, &c. pressure ; but its 
own bulk of j^as, twice compressed, is equal to double 
its bulk of gus ordinarily compressed, and so on. The 
proofs of this law I have given at length in the Philo- 
sophical Transactin', ? for 1803. 

f). 44 When water, or, probably, any other liquid, is 
agitated with a limited quantity of any mixture of two 
gases, it does not absorb one gas to the exclusion of 
the other, but absorbs a portion of both. In this case, 
the density of each gas, in the water or liquid, has a 
constant relation to that without, for the same gas. 
Thus in carbonic acid gas, the density is the same within 
and without the water ; in olefiant gas and phosphu- 
retted hydrogen, t lie density within is l-27th of that 
without; in azot** and hydrogen, it is about l-50th, 
according to Dalton, though lie originally stated it to 
be l-(i4th, under the impression that the distances of 
the particles within were always some multiple of those 
without. This concise euuncialipirof the general law, 
deduced by Mr. Dalton from his .experimental inquiries, 
will be better understood by the illustrations contained 
in a Paper published in the Annals of Philosophy , vol. 
vii. p. 21 fi, where the reader vvill find a formula tor ascer- 
taining the quantities of mi\&d gases absorbed by 
water. *. 

* 4 The principle on which gases are absorbed and re- 
tained by liquids is still a subject of controversy. By 
Berthollet, Thomsfbn, Sausstire', and tlie generality of 
Chemists, it is ascribed, in all cases, to the exerfiwi of 
a Chemical affinity between the gas and the liquid ; but 
it is contended by Mr. Dalton and ynyself, that the 
effect in most cases is chiefly, if not wholly, mechanical. 
The discussion would lead me into details of too great 
a length ; and I refer, therefore, for ^statement of the 
argument, to two Papers which I have published in the 
eighth and ninth volume of* Nicholson’s Journal^ to 
Mr. Dalton’s New System of Chemical Philosophy ; and 
to his Essay in the seventh volume of Dr. Thomson's 
Annals , which contains a reply to the objections ad- 
vanced against the mechanical theory }y Sausstire, in 
the sixth volume of the same work. This reply seems 
to have unaccountably escaped the notice of several 
writers, who continue to urge the objections of Saus* 
sure, afto& they' have been fully and satisfactorily an- • 
swered by Mr. JJoltqn ” (i.) 
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Cberrmtry, (IOB.) It is obvious that no Chemical classification The term Alkali is derived from the Arabic name of farHfc 
c&M arise out of the state of aggregation in which bodies the plant (Salsola Kali ), from which one of these sub- 
exist ; this state being entirely dependent upon Pressure stances lias long been extracted. The general prq- 
and Temperature. In the usual condition of things at perties of the Alkalis, especially as developed iri the 
the surface of this Earth we are at present acquainted stronger ones, are as fbllows : — -They change blue 
with four simple Gases, and about seventeen compound vegetable colours to green ; and if such colours haye 
ones. Most of the liquid substances which bear the been changed to purple or to a more vivid red by acids, 

• name of proximate elements, are combinations of those they destroyf that sort of action, and when used in 

* elements with water, but with some, such as the oils, sufficient quantity turn them absolutely to green. The 
the presence of watqr is incompatible. There are same powers they possess even when saturated with 
about forty-six ultimate elements in the solid stale, Carbonic Acid — a property which the Alkaline Earths 
* and a much more considerable number of proximate arc without. Their tawte is acrid, possibly in great 

ones formed by the combinations of these with each degree arising from their power of dissolving all animal * « 

other or with the Gases. The simple elementary matter with an energy proportionate to their state of 
* Substances aftount at present^to fifty-three, as enu- concentration. They readily combine with oils *or fiitty * 

merated in Art. (4.) matters* so as to form soaps. Their carbonates are 

soluble in water, but the carbonates of the Alkaline 


General Chemical Properties. 

» 

(108.) We now advance towards those properties 
which ure more strictly Chemical — the primury object 
of this Treatise. * 

Upon these properties numerous classifications have 
been founded, and although in part abandoned at the 
present time in favour of other terms more rigidly 
Chemical, yet we so frequently 4 -c the words Airs, 
Earths. Metals, Alkalis, Acids, &c., Uiat it will he proper 
"briefly to enumerate the leading characteristics of these 
riasses of substances. 

/ I)r The wordvAir is sometimes employed to designate 

ah the permanently elastic fluids, and in this sense it is 
synonymous with the word (ias ; hut it is more coni- 
iiH>ul\ restricted to the atmospheric air, a mixture 
principally of two Gases, in which we live and breathe. 
The Physical properties of the liases have been already 
adverted to, and their Chemical ones will form a part 
of our future researches, as upon these their distinctive 
characteristics depend. * 

Karili*,. The term Eartjis is still applied to one class of sub- 

stances, though rntljer loosely, for it has been found 
that in all general Chemical properties the. Earths and 
• the Metallic oxides are identical; in fact, t lie Earths 
are all oxides, and nearly all of them have Metallic 
Buses. As an illustration of tin* characteristics of this 

* class of bodies we gife tne following definition from a 

• good but early Chemical author, who says, “ Earths 
are insipid ; soluble, but in very small proportion, in 
pure water or oil; not inflammable, not ductile; not 
fusible per sc. By insipid we are to understand not 

• acid,* nor alkaline. And the powcis of the Voltaic pile 

and the (ias Motvpipe have shown that they are fusible 
per se. Whci^ in the language of modern Chemistry 
the word Earth occurs, we must understand by it some 
one of the following oxides : — Silica, Zirconia, Yttria, 
Glycina, Ttooriia, Alumina, Magnesia, Lime, Stroutia, 
or Baryta. Where the Alkaline Earths are spoken of, 
it^is to the three last enumerated that the term applies, 
aletilv.* The Metals are distinctively recognised to be such by 
their Physical propVrtiys, and not by their Chemical 
ones. Of these the two that arc considered essential, 

I are that t&eyfconduct Electricity, and that they possess 

*■ some degree of lustre. They are all capable of com- 

bining with Oxygen, though with very different degrees 
of facility. The Metals at present known amount to 
* • forty. • * • 

Alkalis. Substances of another sort are galled the Alkalis, 

# a well marked though Hot a numerous class of ^Bodies. 

• # VOL. IV. 


Earths are not so. Three of the Alkalis consist of 
Metallic liases, united with Oxygen: viz. Potassa, 

Soda, and Lithiu. One, viz. Ammonia, consists of * 9 

two Gases, Hydrogen und Nitrogen ; and the vegetable 
Alkalis, which are rather numerous, consist of various 
combinations of Oxygen, Hydrogen, and Carbon. 

The term Acid is in familiar use, and is generally Acids. * 
understood by all : its Chemical sense accords with, or 
is in fact adopted from ordinary language. Acids are - 
Miflstnnces having a sour taste ; they are frequently 
highly corrosive of animal and vegetable bodies, and 
they change purple vegetable colours to a brighter red. 

Their most distinctive Chemical properly is that they 
unite with other substances called bases, such as the # 

Alkalis, the Earths, and Metallic oxides, and form a new 
class of bodies called Salts, in which the antagonist 
properties of both Acid and base undergo great modifi- 
cations, or nre absolutely annihilated. 

We ure in the habit of saying that on*e Acid is 
stronger than another, but the measure of the strength 
of the Acids respectively is not without some uncertainty. 

Various propositions have been made as to the scale to 
be adopted for this purpose, hut none of these are 
quite free from objections. That which is most em- 
ployed was proposed by Berthollel, and is taken from 
the relative quantities of different Acids required to 
saturate a given quantity of some base, but the plan is 
not free from objections. # „ 

The theory of Acidification, that is the effective cause 
producing acid properties, has engaged the attention of 
several Chemists ; but as at this time there cannot he 
said to be any prevailing belief on the subject, we 
content ourselves with pointing 01 ft, by a reference, 
where the student may find any information that lie 
may require on this subject. (A*.) 

(107.) The Etymology of the word Oxygen -per- 
petuates the memory of a belief that once existed of 
jlufct substance forming the element essential to the 
developcmeut of acid properties. This was, however, 
an error, as it will be seen from the following lists that 
the presence of ‘Oxygen ; is not necessary to the forma- 
tion of an Acid ; and tflso that Hydrogen, which is in 
many cases the antagonist of Oxygen, is capabjc of 
becoming the acidifying principle : while in some Acids 
neither the one nor the other exists. * 

' Class 4. Acids with OxygeA, and a nonmetallic ra- 
dical : * 

l. Chloric. 2. Oxiodic. 3. Brornic. 4. Carbonic* 

5. Boracic.. . 6. Phosphorous. . 7. Phosphoric. 8. Hy- 
poguIphuVous, 9* Sulphurous* 10, Hyposulphuric* 

4 M 
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CticmiAtry. 1L Sulphuric. 12* Selenic* 1 3. Nitrous. 14. Nitric. 
15. Cyanic? 

Cltm 2. Acids with Oxygen and a metallic radical. 
f 1. Arsenious. 2. Arsenic. 3. Molybdous. 4. Mo- 
lybdic. 5. Chromic. 6. Tungstic. 7. Columbia. 8. 
AutimoniouB. 9. Antimonie. 10. Titanic. 

‘Claw 3. Acids without Oxygen, but with Hydrogen, 

1, Hydro-chloric. 2. Hydro-fluoric. 3. Hydriodie. 
4. Hydro-bromic. 5. Hydro-sulphuric. 6. Hydro- 
selenie ; with one or two others of more doubtful con- 
t stitution. 

Class 4. Acids without Oxygen or Hydrogen. 

< 1. Boro-fluoHc. 2. Silico-fluorie. 3. Chloriodic. 

‘ ( Class 5. Organic Acids of animal and vegetable 

< origin. Of these there are about sixty, which wo shall 
have occasion to enumerate hereafter. 

From divisions like these no Chemical classification 
can well arise; though it is convenient that they be re 
inembered, for the sake of obtaining general views of 
groups of substances having numerous properties in 
common. 

Organic (108.)^ There are also of another sort, two well- 
Hie bodieT' raar ^ e ^ classes into which all substances are frequently 
« divided. These are Inorganic and Orgunic. By the 
former we understand all such substances, whether 
^ Biniple or compound, as seem not to be capable of 
forming the chief constituents of bodies endowed w : th 
the functions of animal or vegetable lite ; although in 
such bodies they frequently exist as ultimate elements. 
In this division are comprehended the Metals, Earths, 
fixed Alkalis, the stronger Acids, and what were formerly 
called the simple non- metallic elements. 

On the other hand, tliut which is called the Che- 
mistry of Organic bodies, induces an examination of 
the various substances which form the existent ele- 
ments, or the eduets and products of animal and vege- 
table Organization. This branch of our Science 
chiefly refers to proximate elements, of which the num- 
ber is very considerable. The properties of these 
bodies are well and distinctively marked ; though in 
numerous cases the ultimate elements into which they 
* nmy be resolved are precisely the same. Thus the 

Vegetable Acids and Alkalis may all be resolved into 
Oxygen, Hydrogen, and Carbon; and it is the various 
proportions in which these elements exist in the different 
< * substances which form the sole distinction discoverable 

upon ‘heir ultimate analysis. 

Nororn- (109.) We now proceed to the nomenclature of 
rlature. Chemical Compounds, and to the laws which regulate 
them, viz. the doctrines of Affinity, Definite Proportion , 
ancl the Theory of Atoms. Alter a careful examination 
of the systematic Treatises of our own and other Coun- 
tries, and even after having prepared the greater part of 
what wc deemed it advisable to insert upon the subject, 
we have not hesitated to reject it, in favour of the Essay 
of a contemporary writer. In the main, we consider 
* Dr. T urner sanalysis of this part of our subject as the 
most clear that can be presented in the jircsent state of 
our know ledge. We, therefore; .shall make a consider- 
able abstract from his Elements of Chemistry, taking 
orily^the liberty of making some slight alterations or 
additions which appear to us, or which have been 
pointed out by Iris reviewers, to be necessary. In some 
degree we shall also have to bring forwiiwl and discuss 
Professor Thomson’s additions to our nomenclature, 
as developed and employed in his valuable Work on the 
First or Fundamental 'Principles of Chemist ty . 


Ur t 

(110.) u Chemistry k indebted for its nomenclature, P* rt 
to the labours of four celebrated Chemists, Lavoisier, 
Berthollet, Guyton Morveau, and Fourcroy. Thgprin- T 
ciples which guided them in its construction are exceed- 
ingly simple and ingenious. The known elementary 
substances, and the more familiar compound ones, were 
allowed to retain the appellations which general usage 
had assigned to them. The newly discovered elements 
were named from some striking property. Tims, as it 
was supposed that acidity was always owing to the 
presence of the vitul air discovered by Priestley and 
Scheele, they gave it the name of Oxygen, derived from 
two Greek words signifying generator of Acid ; and they 
culled inflammable air Hydrogen, from the circumstance 
of its entering into the composition of water. 

“ Compounds in which Oxygen forms a part were 
called Acids or Oxides, according as they do or do not 
possess acidity. An oxide of iron or copper signifies a 
combination of those ryelals with Oxygen, which has 
no acid properties. The name of an Acid was derived 
from the substance acidified by the Oxygen, to which 
was added the termination ic. Thus Sulphuric and 
Carbonic Acids signify acid compounds of Sulphur and 
Carbon with Oxygen Gas. If sulphur or any other 
body should form two Acids, that which contains the 
least quantity of Oxvgen is made to terminate in ous % 
ns Sulphnror/x Acid. The termination urct was intended 
to denote combinations of the simple non-metallic sub- 
stances either with one another, with a metal, or with a 
metallic oxide.” This plan is still adhere^ to in France 
in the words Chloruret, Ioduret, &c. but in our own 
Country the analogy of the word oxide has been followed 
in the case of the five electro-negative bodies ; thus we 
say chloride, iodide, fluoride, &c. “ Sulplif/rri and 

carbwrri of iron, for example, signify compounds of 
sulphur or carbon with iron*. The different oxides or 
sulphurcts of the same substance were distinguished 
from one another by some epithet, which was com- 
monly derived from the colour of the compound, such 
ns the black and red oxides of i.*uti. il che black and red 
Milphurets of mercury. Though this practice is still 
continued occasionally, it is now more customary to 
distinguish degrees of oxidation by the use of deri\a- 
tives from the Greek. Protoxide signifies the first 
degree of oxidation, De//toxu^e the second, VVitoxide 
the third, and Peroxide the highest.” The last term is 
rather objectionable, being a departure from the 
Greek system of derivation, and as it is liable to be 
changed from new ^discoveries i*i the orient of oxida- 
tion. “ The sulphurets, carburets, &c\ of the ^qnie 
substance are designated in a similar way. The combi- 
nation of Acids with Alkalis, Earths, or Metallic oxides, 
were termed Salts, the names of which w r eri* so contrived 
as to indicate the substances contained in them. If 
the acidified substance contains a maximum of oxygen, 
tfie name of the Salt terminates in ate ; if a" minimum, 
the termination in itc is employed. Thus the snlplu/ie, 
phosphoric, and nrseni/z/r of potash, are Salts of hui* . 
phurie, phosphoric, am! arsenic Acifls ; while the terms 
HulphtVc, phosphite, and ursenite of potash denote com- 
hirmtions of that Alkali with the sulphurous* phospho- 
rous, and arsenious Acids.” This method, however, is 
found insufficient for its purpose, as it only provides for 
two degrees of oxigenation ; hence the intermediate 
terms of hypo ;m<j hyper have been subsequently intro- 
duced. c % 

“ Thp advantage of 1 a nomenclature which disposes 
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Jbwnistry, the different parts of a Science in so systematic an order, 
and gives Such powerful assistance to the memory, is 
incalculable. The principle has been acknowledged in 
all Countries where Chemical Science is cultivated, and 
the minutest details of it have been adopted in Britain. 
It must be admitted, indeed, that some parts of it arc 
defective. The erroneous idea of oxygen being the 
general acidifying principle has exercised an injurious 
m influence over the whole structure. It would have been 
Convenient also to hav$ had a different name for hydro- 
gen ; but it is now too late to attempt a change, for the 
• confusion attending such an innovation would more 

than counterbalance its advantages. The original no* 
menclature has therefore been preserved, and such addi- 
tions made to*it as the progress of the Science rendered 
necessary. The most essentiaf improvement has been 
suggested by the discovery of the laws of Chemical 
combination. The different Sails formed of the same 
constituents were formerly divided # into neutral , super, 
and subsalts. They were called neutral, if the Acid and 
Alkali are in the proportion for neutralizing one another; 
supersalts, if the Acid prevails l and subsalts, if the 
Alkali is in excess. The name i 1 now regulated by the 
atomic constitution of the Salt. If it be a compound 
of one atom of the Acid to one atom of the Alkali, the 
generic name of the Salt is employed without any other 
addition ; but if two or more atoms of the Acid bo 
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attacked to one of the base, or two of more atoms of the Pm It 
base to one Of the Acid, a numeral is prefixed so as 
to indicate its composition. The two Salta of sulphuric 
Acid and potash are culled sulphate and bisulphate*; 
the first containing one atom of the Acid to one atom 
of the Alkali ; and the latter two of the former to one 
of the latter. The three Salts of oxalic Acid and potafeh 
are termed the oralate, 6iw>alate, and quadr * oxalate of 
potash ; because one atom of the Alkali is united with 
one atom of Acid in the first, with two in the jecond, 
and with four in the third Salt. As tile numerals which 
denote the atoms of the Acid in a super-salt are derived 
from the Latin language, Dr. Thomson proposes to « 
employ the Greek numerals, dis, trig, tetrakis , Sfc. to 1 
signify the atoms of Alkali in a subsalt.’' # 

“ This method is in the true spirit of the ‘original 
framers of our nomenclature. Chemists have already 
begun to apply the same principle to other compounds 
besides Salts ; and there can be no doubt that it will be 
applied universally whenever our knowledge shall be in 
a state to admit of it.” (1.) * 

(111.) The following paradigma will, perhaps, render 
the system of nomenclature more intelligible to the 
Chemical student. « 

For the sake of brevity, S. M. is put for sulphate of 
mercury. ” # 


u 


II 


&c. rr Tetarto-tri S. M. zz Tetarto-di S. M. sr Tctarto- 55 S. C. = Tctarto-bi S. M. =r Tetarto-tcr S. M. zz &e. 


3 

* 


I! 


rhtotetraki S. ^1 zz Tnto-tri S M. rr Trito-di S. M. =r Trito- 53 S. M. zs Trito-bi S M. = Trito-ter S. M. zz Trito-quater S. M. 


*3 


II 


*Deuto-telraki S. M. := Deuto-lii M. = Deufo-di S. M. = Dcuto- S. M. ™ Oeuto-hi S. M. = Dcuto* irr S.M . Deulo-quater SbM. 


Proto-tctraki M. = Proto-lri S. M. Proto t)i S. M. zz Proto- ^ S. M zz Pioto-hi S. W, = Proio-ter S. M. = Proti^qualer S, 31. 

OJ 

• • • 1 • 

£ 

! ! 

Sub-tetnki S.M. Sub-tri S. M. zz Sub-di S. M. ~ Sub - S s. M. = Sub-bi S. M. := Sub-tcr S. M. zz Sub-quater S. M. 

«— 4 

O 

• f « * 

■ -o 

'3 * * 

% 


The preceding scheme is oply the figid develop** the Introduction to his First Principles , published in 
went of a plan proposed by •Professor Thojnson, in 1825. . . 4 
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Chemistry. The degrees of oxidation are marked by prefixes 
derived from the Greek, which, to be consistent, run 
Proto*, Deuto-, Trito-, Teturto-, &c. First, Second, 
Third, Fourth, &c. The only deviation from this plan 
occurs in the word Sub, which should have been drawn 
Graco Fonte , but being already in use, any alteration 
might prove inconvenient. 

Upon each decree of oxidation a series of saline 
combinations may be produced; and it is necessary 
that words should he found to express atoms of Acid or 
of bast* so many times taken. Where the atom of base 
remains unity, and the atom of acid is once, twice, 
r thrice, four times. Sic. taken into combination, an as- 

• tending series of Latin numerals is employed* These 
r obviously must be Bis, Ter , Qua ter, &c. And where, 

on the fcontrary, the atom of acid remains unity, and 
the atoms of base multiply, a series of numerals de- 
rived from the Greek arc employed upon Dr. Thom- 
son’s plan. These, of course, must be from the words 
civ, t/jiv, t€t gdm. Sic. as in the parudigmu. 

' ' Th# first part, therefore, of the name of a Salt so 

compounded informs us in what state of oxidation the 
metal exists; the second part gives us the proportion 

t between the number of atoms of Acid and of base. If 
this second part be of Latin derivation, we know that, 
our compound is a Supersalt ; if of Greek derivation, 

* we learn that it is a Submit. ,■ 

For example, Den fo-ter-sulphatr of mercury repre- 
sents a Salt having for its base the oxide composed of 
L l atoms of oxygen -f~ 1 atom of mercury; and con- 
taining 3 atoms of Acid + I atom of base. But by 
r Deuto-tri-sulphate of mercury we should understand 
the same base and the same Acid united in the propor- 
tion of I atom of Acid + 3 atoms of base. 

In compounds of 1 atom of Acid -} 1 atom of base 
we frequency leave out the prefix Prot-, in common 
usage, without inconvenience ; hut in those cases where 
numerous combinations exist, it is necessary always to 
make use of it; otherwise cases like this might occur, 
viz. a confusion between Trito-sylphate of mercury and 
Tri-sulphate of mercury ; which only become sufficiently 
. distinct hy adhering to the canon of nomenclature that. 

gives Tritosulphate of mercury and Proto-tri-su/phate 
of mercury. 

The definite proportions of all combinations between 
* simple substances are expressed by Prot-, Dent-, Trit-, 
Sui. as m the case of the oxides. Thus we say Proto- 
chloride, Deut-iodide, TrUo-sulphuret, Slc. 

Some regard must be had to euphony, and the ordi- 
nary usages of compound words in constructing such 
names ; thus we say Proto-bin- acetate, and not Pro- 
to-bi-acetatc ; *Dcuto-trit-oxalatc, and not Deuto- tri - 
oxalate. 

(112.) There are, however, several metallic oxides 
which the above system does not enable us clearly to 
express. Such are those which we at present describe 
’jn terms of ha\f atoms, saying that there are I£ atoms 
of oxygen -I- 1 atom of base. It is probable that future 
researches will dispel this apparent anomaly, but for 
the present we t are under the necessity of speaking of 
guch combinations, and it would be convenient if our 
nomenclature could truly represent them to the mind. 

1 At* present the oxide of leud containing 1 atom of. 
oxygen *f 1 atom of base is called the Protoxide) thiit 
containing L5 atom of oxygen -f 1 atom of base is 
* called the Deutoxide ; and that containing 2 atoms of 
oxygen -f l atom of base i#co|led the Tritoxides But 
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upon the common principles of our nomenclature; Tfcrt 1L 
we should understand by Iheee three woitls, three Vi **v - **' 
different oxides, containing 1, 2, and 3 atoms of oxygen 
respectively. It is with great diffidence, and with a full 
sense of the evils arising from any change made upon 
established namps, that we venture to propose a plan for 
obviating this inconvenience. To obtain otir end, we 
must borrow a custom from the German language. 

Ask a German what o’clock it is, and he will answer 
you hath sieben, for half-past six j and as we must keep 
to the Greek language for expressing the degrees of 
oxidation, we might use the prefix kemi , (ypiavs, a half). 

Thus we should have in the case of Lead 

»* 

1 Oxygen -f- 1 Metal = Protoxide qf Lead. 

1J ditto -f- 1 ditto = Hemi-deutoxide of Lead,. 

2 ditto -j- l ditto = Deutoxide of Lead. 

In the case of Manganese 

1 Oxygen *f 2 Metal zz: Sub-oxide. 

1 ditto -f- 1 ditto = Protoxide, 

ditto 1 ditto Hemidetitoxide. 

2 ditto -f- 1 ditto = Deutoxide. 

3 ditto -f- 1 ditto = Tritoxidc. 

Iii this manner we <;onld express any known combina- 
tion, so that the name should fully express the relative 
atomic proportions of its constituents. We would also 
adopt the practice of many ( Tioniisf s in banishing for 
ever the prefix Per, which has been used to express the 
highest degree of oxidation, partly because it is a Latin 
word, and therefore should not occur in the Greek as- 
cending series : and partly, because we ore never certain 
that we have arrived at the extreme degree of oxidation ; 
and are, therefore, liable to have many of our names of 
Salts overturned hy the discovciy of a new degree of 
oxidation beyond the one with which we were previously 
acquainted. 

At first sight this system of nomenclature may appear 
to present a formidable array of u^nfrinotiious words, 
but it is to be remembered that only a small proportion 
of fhe compounds so described are at present known to 
exist ; and the advantages arc not inconsiderable in a 
system which provides for lhe # discovery of new sub- 
stances, without requiring any change in names thut * 
may previously exist; aujjJ which always serves as a 
scheme of rnemoria technica for the atomic constitutions 
of the bodies named. We must admit Jliat the plan 
now proposed may b«f liable to this" objection, thatln the 
strict, meaning of the words, Protoxide, Deutoxide, 
the first, second, &t\, oxides are expressed ; so thut if 
what we call a Hemideutoxide exists, the Deutoxide is 
not the second hut the third oxide. To us it seems that 
the choice lies between various methods, which all have 
t their imperfections ; but that the advantage of that 
system which, together with the name of the oxide or Salt, 
gives us its atomic constitution, outweighs nil other con- 
siderations. It is also a serious affair to change terms 
which usage has established, but tjbe plan proposed can 
scarcely be said to do so. 

Affinity, 

(113.) 4 * All Chemical phenomena are owing to Affinity* 
Affinity or Chtyn i <ftil .attraction. It is the basis on which 
the Science of Chemistry is founded. It is the ruling 
power with reference to ftrhich nil 'the operations of the 
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,Ci$w>ktry. Chemist are conducted, and hence it forms the first and 
\m mj mms leading object of his study. 

44 Affinity is exerted between the minutest particles of 
different kinds of Matter, causing them to combine so ns 
to form mew bodies, endowed with new properties. It 
acts only at insensible distances ; in other words, appa- 
rent contact, or the closest proximity, is necessary to its 
action, Every thing which prevents such contiguity is 
an obstacle to combination, and any force which in- 

* creases the distance between particles ulready com- 
bined, tends to separate them permanently from each 

# Other. In the first case they do not come within the 

sphere of their mutual attraction ; in the second they are 
removed out of it. • It follows, therefore, that though 
Afliuityis regarded as a specific power, distinct from the 
other forces which act on matter* its action may he pro- 
moted, modified, or counteracted, by several circum- 
stances ; and, consequently, in studying the phenomena 
produced by Affinity, it is necessary to begin by inquir- 
ing into the conditions that influence its operation. 

44 The most simple instance ofthe exercise of Chemical 
attraction is afforded by the mixture of two substances 
with one another. Water and sulphuric acid, or water 
and alcohol, combine readily. On tire contrary, water 
shows little disposition to unite with sulphuric ether, 
and still less with oil; lor, however intimately their 
particles may be mixed together, they are no sooner left 
at rest, than the ether separates almost entirely from 
the water, and a total separation takes place between 
that fluid and the oil. Sugar dissolves very sparingly 
in alcohol, but to any extent in water; while camphor 
is dissolved in very small quantity by water, but abun- 
dantly by alcohol. It appears from these examples, 
that Chemical attraction is exerted between different 
bodies with diHennt degrees of force. There is some- 
times no proof of its existence at all ; between some 
substances it ucts very feebly, and between others with 
great energy, 

4 ‘ Simple combination of two principles is a common 
occurrence. The glutton of Salts in water, the combus- 
tion of phosphorus ill oxygen gas, and the neutraliza- 
tion of a [Hire Alkali *by an Acfd, are instances of the 
kind. The phenomena arc, however, often more com- 
plex, 1 1 frequently happens that the formation of a new 
, compound is attended iy "the destruction of an existing 
•one. The only condition necessary lor this effect is the 
presence of some third body, vfliich has a greater Affi- 
nity lor one of the elements of a compound, than they 
have fortune atfuther. ftThus oil hug an affinity for the 
volqfjle Alkali ammonia, and will unite with it, forming 

* a soapy substance called a liniment. But tire ammonia 
• has a still greater attraction for sulphuric Acid ; and 

hence, if the Afcid be added to the liniment, the Alkali 
•will quit the oil, and unite by preference with the Acid. 

If a solution of camphor in alcohol be poured into 
water, the camphor will be set free, because the alcohol 
combines with the wutcr^ Sulphuric Acid, in like man- 
. . ndl, separates baryta from Muriatic Acid. Combination 

and decomposition occur in each of these cases ; combi- 
nation of the Sulphuric "Acid with the ammonia, of the 
water with«thf alcohol, and of the baryta with the sul- 
phuric Acid ; decomposition of the compounds formed 
ofthe oil and ammonia, of the alcohol and camphor, und 
of the Muriatic Acid and baryta. These arc examples 
\ , of what Bergmann calls single electireJV.Hinity ; elective, 

because a substance manifests, it were* a choice for 
, one of two others, uniting with it? by J»reterenee*and to 
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the exclusion of the other. Matty of ^decomposition* 
that occur in Chemistry, are instances of single elective 
Affinity, 

44 The order in which thfcsc decompositions take plaJe 
has been expressed in Tables ; of which tire following, 
drawn up by (leoflroy, is an example i 

Sulphuric Acid * 

• 

Baryta. 

Strontia. 

Potash. # m 

Soda. 

Lime. • * 

Ammonia. # * 

Magnesia. • 

“ This Table signifies, first, that Sulphuric Acid has an 
Affinity for the substances placed below the horizontal 
line, antf can, therefore, unite separately with each of 4 

them ; and, secondly, that the base of the Salts so formed 
will be separated from the Acid by adding any ofthe • # • 

Alkalis or Earths which stand above it in the column 
Thus ammonia will separate magnesia, lime Ammonia, 
and potash lime; but none of them can withdraw baryta • 

from Sulphuric Acid, nor can ammonia or magnesia de- • 
compose the sulphate of lime, though stmntia or baryta 
will do it. Bergmann conceived that these decomposi- # 
tiofis were solely determined by Chemical attraction, 
and that, consequently, the order of decomposition repre- 
sented the comparative forces of Affinity: and this view, 
from the simple and natural explanation it afforded of 
the phenomenon, was for a time very generally adopted. # 

But Bergmann was in error. It does not necessarily 
follow, because lime can separate ammonia from Sul- 
phuric Acid, that the lime has a greater attraction for the 
Acid than the volatile Alkali. Other causes arc in opera- # 
lion which modify the action of Affinity to such a degree, 
that it is impossible to discover how much of the effect 
is owing to that power. It is conceivable that the am- 
monia may in reality have a stronger attraction for Sul- 
phuric Acid than lime, and yet the lime, from the great 
influence of disturbing causes, might succeed in decom- 
posing sulphate of ammonia. * 

“ The justice ofthe foregoing remark will be made 
obvious by the following example : when a stream of 
Indrogen Gas is passed over the oxide of iron heated to 
redness, it deprives the iron of its oxygen entirely eoft- * 

bining with it so as to form water. On the contrary, 
when watery vapour is brought into contact with red 
hot metallic iron, the oxygen of the water quits the 
hydrogen, and combines with th$ iron. It follows from 
the result of the first, experiment, according to Berg- 
man u, that hydrogen has a stronger attraction for 
oxygen thuu iron has ; and from the second, that*iron 
has a greater Affinity for oxygen than hydrogen has. 

Ifut these inferences are incompatible with each other. 

The Affinity of hydrogen for oxygen must either he . 
equal to that of iron, or greater or less. U' the first is • 
the case, then tl;e result of hothtcxperimcnts was deter- 
mined by modifying circumstances ; since u6ithcr of 
these substances ought on this supposition to take 
oxygen from the other. If the second, then the de£om 
position in one ofthe experiments must have been deter* • 
niiued by extraneous causes in direct opposition to rhe 
tendency t»f Affinity. 

“ To Berthollet is due the honour of pointing out the ^ 
fallacy of Bergmann’s opinion. .He was the first to 

show that the relative forces 1 of Chemical attraction 

• « 
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Chemistry, cannot always be determined .by observing the order in 
which substances separate each other when hi combina- 
tion, and that the Tables of Geoffroy are merely tables 
df decomposition, not of Affinity. He likewise traced 
all the various circumstances that modify tile action of 
Affinity, und gave a consistent explanation of the mode 
lit which they operate. Berthollet went even a step 
further. Ue denied the existence of elective Affinity as 
an invariable force, capable of effecting the perfect sepa- 
ration of one body from another ; he maintained that all 
f the instances of complete decomposition, attributed to 

elective Affinity, are in reality determined by one or more 
r of the collateral circumstances that influence its opera- 
tion. Hut here this acute Philosopher has surely gone 
< too far. Bergmann is admitted to have erred in sup- 
posing that the result of Chemical action is in every 
case owing to elective Affinity ; but Berthollet certainly 
ran into the opposite extreme, in declariugtthat the 
effects formerly ascribed to that power, are never pro- 
duced by it. That Chemical attraction is exerted be- 
t wee ft bodies with different degrees' of energy is indis- 
putable^ Water has u much greater Affinity for Muriatic 
Acid and ammoniacal Gases than for Carbonic Acid and 
c sulphuretted hydrogen, and for these than for oxygen and 
hydrogen. The attraction oflead far oxygen is greater 
than that of silver for the same substance. The disposi- 
tion of gold and silver to combine with mcmiryi is 
greater than the attraction of* platinum and iron for that 
fluid. As these differences cannot be accounted for by 
the operation of any modifying causes, we must admit a 
difference in the force of Affinity in producing combi na- 
J tion. It is equally clear that in some instances the 
separation of bodies from one another can only be ex- 
plained on the same principle. No one, I conceive, will 
* contend that the decomposition of Hydriodic Acid by 
chlorine, or of sulphuretted hydrogen by iodine, is 
determined by the concurrence of any modifying cir- 
cumstances. 

“ Affinity is the cause of still more complicated changes 
than these which have been just considered. Jn a caso 
of single elective Affinity, three substances only are 
present, and two Affinities are in play. Blit it frequently 
happens that two compounds are mixed together, and 
four different Affinities brought into action. The changes 
that nmy or do occur under these circumstances arc 
mbs! conveniently studied bv aid of a diagram, a method 
that was, I believe, first employed by Dr. Black, and 
has since been generally practised. Thus in mixing 
together a solution of the carbonate of ammonia and 
muriate of lime, th“ir niutual action may be represented 
in the following manner : 

4 

* ' S 

Carbonic Acid N ^ Ammonia 

4 \ / 


^ ^ V. 

Muriatic Acid ' • s Li/ne 

' 

4 ‘ Each of the Acids has. an attraction for both the 
bases, and hence it is possible either that the two Salts 
should continue as they are, or that an interchange of 
principles should ensue, giving rise to two yew com- 
pound**, the carbonate of lime, and muriate of am- 
monia. According to the views of Bergmann, .the result 
is solely dependent ©n the comparative, strength of 
Affinities. If the Affinity of the Carbonic, Acid for the 


ammonia, and of the Muriatic Acid for the lime, exceed . 
that of the Carbonic Acid for Hme, added to that of the i -* 1 Nr rTI1 
Muriatic Acid for ammonia, then will the two Salts ex- 
perience no change whatever ; but if the latter Affinities 
preponderate, then, as does actually happen in the pre- 
sent example, both the original Salts will be decom- 
posed, and two new ones generated. Two decomposi- 
tions and two combinations take place, being an 
instance of what is called double elective Affinity. Mr. 

Kirwan applied the terms quiescent and divellent* to 
denote the t endency of the opposing Affinities, the action 
of the former being to prevent a change, that of the 
latter to produce it. 

“ The doctrine of double elective Affinity was assailed 
by Berthollet on the same ground, and 'with the same 
success tts in the case of single elective attraction. He 
succeeded in proving that the effect cannot always be 
ascribed to the sole influence of Affinity. For, to take 
tlie example already adduced, if the carbonate of am- 
monia decompose the muriate of lime by the mere force 
of a superior attraction, it is manifest that the carbonate 
of lime ought never t« decompose the muriate of am- 
monia. But if these two Salts are mixed in a dry state, 
and exposed to heat, double decomposition does take 
place, carbonate of ammonia and muriate of lime being 
formed ; and, therefore, if the change in the first ex- 
ample was produced by Chemical attraction alone, that 
In the second must have occurred in direct opposition 
to that power. It does not follow, however, because 
the result is sometimes determined by modifying con- 
ditions, that it must always he so. I apprehend that 
the decomposition of the solid cyan ii ret of mercury by 
sulphuretted hydrogen Gas, which takes place even at u 
low temperature, cannot be ascribed to any other cause 
than a preponderance of the divellent over the quiescent 
Affinities.” 

On the Changes that accompany Chemical Action. 

44 The leading circumstance that characterises Chc- 
micul action is the loss of properties, ’experienced by the 
combining substances,. and the acquisition of new ones 
by the product of their combination. The change of 
property is sometimes inconsiderable. In a solution of 
sugar or salt in water, and in mixtures of water with 
alcohol or sulphuric Acid, the compound retains so much 
of the character of its constituents, that there is no 
difficulty in recognising their presence. But more 
generally the properties of one or both of the combining 
bodies disappear erltirely. No ingenuity could* guess a 
priori that water is a compound body, much less that it 
is composed of two Gases, oxygen and hydrogen, neither 
of which, when uncombined, has ever been compressed 
into a liquid. Hydrogen is one of the most inflammable 
substances in nature, and yet wuter cannot be set on 
tfre: oxygen, on the contrary, enables* bodies to burn 
with great brilliancy, and yet water extinguishes com- 
bustion. The Alkulis and Earths were regarded . as 
simple till Sir II. Davy proved them to be compounds, 
and certainly they evince no sign Vhatcver of contain** 
ing oxygen Gas and a metal. Numerous examples of a 
similar kind are afforded by the action of Acids and 
Alkalis on one another. Sulphuric Acid and potash, for 
example, are highly caustic. The former is intensely 
sour, reddens the blue colour of vegetables, and has a 
strong affinity W Alkaline substances j the latter has a 
pungent taste, corjvertg the bli^p colour of vegetables to 
greensand combines readily with Acids. On adding , ti . 
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CMmbtrj. £hese princinles cautiously to one another a compound 
N <* »*/ ** *' Tesults, ca**ea a neutral Salt, which does not in any way 
affect the colouring matter of plant** and in which the 
other distihguishing features of the Acid and Alkali can 
no longer be perceived. * They appear to have destroyed 
* the properties of each other, and are hence said to 
neutralize one another* 

“ The other phenomena that accompany Chemical 

* action are changes of Density, Temperature, Form, and 

* Colour. 

Density. 44 1. It is observed that two bodies rarely occupy the 
same space after combination which they did separately. 
In general their bulk is diminished, so that the specific 
gravity of the new*hody is greater than the mean of its 
components. -Thus a mixture of 100 measures of water, 
and an equal quantity of Sulphuric Acid, does not 
occupy the space of 200 measures, but considerably 
less. A similar contraction frequently attends the com- 
bination of Solids. Gases often experience a remarkable 
condensation when they unite. *The elements of olefiant 
Gas, for example, would expand to four times the bulk 
of that compound, if they were suddenly to become free, 
and assume the Gaseous form. • But the rule is not 
without exception. The reverse happens in some 
metallic compounds, and there are examples of combina- 
tion between Gases without any change of bulk. 

Temper- “ 2. A change of temperature generally accompanies 
ature. Chemical action. Caloric is evolved either when there 
is n diminution in the hulk of the combining substances, 
without a change of form, or when a Gas is condensed 
into a liquid, or when a Liquid becomes solid. The heat 
caused by imping Sulphuric Acid with water is an 
instance of the former; and the common process of 
slaking lime, during which water loses its liquid form, 
in combining with that Earth, is an example of tin* 
second. The rise of temperature in these cases is 
obviously referable to a diminution in the capacity of 
the new compound for cajoric ; but an intense degree of 
bent sometimes accompanies Chemical action under 
circumstances in*whicji an explanation founded on a 
change of specific caloric is quite inadmissible. A l 
present it is enough tT> have stated the fact ; the theory 

• belongs to a different branch of our Science. The pro- 

duction of cold seldom or never takes place during com- 
bination, except thr specific caloiic is suddenly 

, increased by the conversion of a Solid into a Liquid, nr a 

• Liquid into a Gas. All the frigf»rilic mixtures act in this 
way. 

“ 3. The changes ,of form that attend Chemical 
action ?ire exceedingly various, 'f'hc combination of 

• Gases may give r # ise to u Liquid or a Solid ; Solids some- 

• times become Liquids, or Liquids solid. Several familiar 
Chemical phetfomcna, such as explosions, effervescence, 

# and precipitations, are owing to these changes. The 
sudden evolution of a large quantity of Gaseous matter 
occasions An cJtphsum^ as when gunpowder detonates. 
The slower disengagement of a Gas causes rfficrvcscnce* 
m a# occurs when marble Is put into Muriatic Acid. A 
precipitate, is owing to the formation of a new body, 
which happens to be insoluble in the Liquid in which 
its element Tjere dissolved. 

Colour. “ 4. The colour of a compound is frequently quite 
different from that of the substances which form it 
There does not appear to be any uniform relation be- 
. Aween the colour of a body and that of its elements, so 

* that it is not possible to anticipate the Colour of any 

, partietilar compound, by knowing the principles which 


enter into its composition. Iodine, whose vapour is of M 
a violet hue* forma a beautiful red compound with mer- '**\r* m 
cury, and a yellow one with lead. The brown oxide pf 
copper generally gives rise to green and blue coloured 
Salts ; while the Salts of the oxide of lead, which is itself 
yellow, are for the most part colourless. The colour of 
precipitates is a very important study, as it often enables 
the Chemist to distinguish bodies from one another 
when in solution.** 

On the Changes of Circumstances that modify and in- , 

fluence the Operation of Affinity. 

44 Of the conditions which are capable of promoting % % 

or counteracting the tendency to Chemical attraction, 
the following are the most important ; Cohesion, Elas- • 
ticity, Quantity of Matter, rmd Gravity. To these may 
be added the agency of the imponderables. 

4 * The first and obvious effect of cohesion is to oppose Cobetiior, 
Affinity, by impeding or preventing that mutual pene- 
tration and close proximity of the particles of different v 

bodies, which is essential to the successful exercise of 
their attraction. For this reason bodies seldom act 
Chemically in their solid state; their molecules do not 
come within the sphere of attraction, and, therefore, • 
combination cannot take place, although their affinity 
may in fact he considerable. Liquidity, on the contrary, • 
favours Chemical action, it permits the closest possible 
approximation, while the cohesive power is compara- 
tively so trifling as to oppose no appreciable barrier to 
Affinity. 

“ Cohesion may be diminished in two ways; either 
by mechanical division, or by the application of heat. 

The former is useful by increasing the extent of surface ; 
but it is not of itself in general sufficient, because the 
particles, however minute, still retuin that degree of 
cohesion which constitutes solidity. Calorie acts with 
greater effect, and never fails in promoting combination 
whenever the cohesive power is a barrier to it. Its 
intensity should always be so regulated as to produce 
liquefaction. It is often enough to liquefy one of the 
substances, as is proved by the facility with which water 
dissolves many Salts and other solid bodies. But it is 
easy to perceive that the cohesive power is still in opera- 
tion ; for a Solid is commonly dissolved in greater 
quantity when its cohesion is diminished by caloric. 

The reduction of both substances to the liquid ‘<tale is 
the best method for insuring Chemical action. The 
slight degree of Cohesion possessed by Liquids, does not 
appear to cause* 1 much if “ any impediment to combina- 
tion ** % 9 

The force of Cohesion frequently performs on impor- 
tant part in modifying the Physical results which Che- 
mical Affinity would of itself produce. The forms of 
such products seem to depend upon the resultant of 
two forces not necessarily, but vj*ry frequently, opposed 
^o%ach other. The one Cohesion tending to exhibit the . 
molecules of a substance in the solid form ; the other • 
Affinity between the same molecules and a Liquid, tend- 
ing to produce a compound Fluid. In some eases the 
former force predominates, as when Muriatic Acid, Sul- 
phuric Acid, and baryta are. mixed together, producing 
solid sulphate of baryta separated from the Liquid. But • 
in other cases the resultant is. determined in favour of 
thelattd* for«? ;• as when Muriatic Acid, Carbonic Acid, % 
and lime are mixed together, producing a Fluid con- 
taining some of all the three ingredients, though Car- 
bonic Arid' and lime form a Sblid. The same views we 
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Cbttntanr* conceive, lure applicable to the qase of four or more ingre- 
s dieMa, It may be just to state that these opinions are 

* not those of Dr. Turner, to whose Work we are on these 
gpinte so much indebted, mid to which we shall shortly 
return. 

Cryntallixfr Crystal fixation appears to be only a modification of 
lion. the ordinary cohesion of Solids ; it probably depends on 
molecular polarity. A Fluid may contain ^certain quan- 
tity of a Solid in solution; but let a portion of the Liquid 
he evaporated, so that the quantity of the Solid remains, 
while Che quantity of Fluid is diminished. At a certain 
period in this process the Affinity of the Liquid for the 

* t Solid, is in equilibrium with the force of cohesion be- 

* tween the molecules of the Solid ; but let the evapora- 
f tion be continued, the latter force will preponderate, 

and thtfn the particles of the Solid will cohere. In some 
cases the resulting Solid will present a crystalline form ; 
but in others it will be only a powder. This difference 
in result arises from the nature of the attraction with 
which its molecules are endued ; hut as far as Affinity is 
< * concerned, the cohesive force opposed to it differs not 

in kind, Jhough it may possibly differ in intensity. With 
the measure of such difference we are at present unac- 
quainted. Generally speaking, crystalline bodies are 
more soluble than those that are not so, but this rule is 
not invariable, and in many cases the increase of solubi- 

* lity depends greatly upon water of crystallization. , 
Elasticity. 4 ‘ From the obstacle which cohesion puts in the way 

of Affinity, the Gaseous state, in which the cohesive 
power is wholly wanting, might be expected to be pe- 
culiarly favourable to Chemical action. The reverse, 

• however, is the fact. Bodies evince little disposition 
to unite when presented to each other in the elastic 
form. Combination does indeed sometimes take place, 
in consequence of a very energetic attraction ; but ex- 
amples ot an opposite kind arc much more common. 
Oxygen and hydrogen, and chlorine and hydrogen, 
though their mutual Affinity is very powerful, may be 
preserved together for any length of time without com- 
bining. The cause of this is obviously the distance 
between the particles preventing that close approxiina- 
♦ tioti which is so necessary to the successful exercise of 

Affinity. Hence m an y Gases cannot be made to unite 
directly ; which nevertheless combine readily while in 
their nascent state ; that is while in the act of ussuining 
• • th<? Gaseous form by the decomposition of’ some of their 

solid or fluid combinations. 


44 Elasticity operates likewise as u decomposing agent. 
If two Gases whose reciprocal attraction is feeble, suffer 
considerable condensation when they unite, the com- 
pound will be decomposed by very slight causes. The 
chloride of nitrogen, which is an oil-like Liquid, com- 
posed of the two Gases chlorine and nitrogen, answers 
this description completely, and it is remarkuble for 
being the most explosive substance hitherto discovered. 
A slight elevation of temperature, by increasing the 
natural elasticity of the Gases, or the contact of sub- 
stances which have an Affinity for either of them, pro- 
duces an immediate explosion. : 

44 Many familiar phenomena of decomposition are 
owing’ to Elasticity. All .compounds that contain a 
Volatile and a fixed principle are liable to be decom- 
posed by a high temperature.” This statement has 
been objected to (m), and with reason, -if by 44 liable', to” 
we are to understand 44 certain to but, probably, the 
meaning is only that a t tendency thence results, which 
in som£ CHS&pmy produefe decomposition, but in others 


does hot so. In the Review by which the objection ts Part It , 
advanced the following apposite cases are cited, viz, Wyjw* 
that hydrate of copper is decomposed by jbl red heat 
while hydrate of potash is not so. The compound of 
chloride of phosphorus and ammonia, which contains 
three elementary Gases, and a very volatile Solid, is not * 
only very difficult of decomposition, but is not volati- 
lized at a red heat. Where, however, decomposition 
does occur we may return to Dr. Turner’s explanation 
of the process. 44 The expansion occasioned by caloric 
removes the elements of the compound to a greater 
distunce from one another, and thus, by diminishing the 
force of Chemical attraction, favours the tendency of the 
volatile principle to assume the fotm which i.s natural 
to it. Many solid substances which contain water in a 
state of intimate combination, part with it in a strong 
heat, in consequence of the volatile nature of thatLiquid. 

The separation of oxygen from some metals by heat 
alone, is explicable on the same principle. 

44 It appears from these and some preceding remarks, 
that the influence of caloric over Affinity is variable; for 
at one time it promotes Chemical union, and opposes it 
at another. Its action, however, is always consistent. 

Whenever the cohesive power is an obstacle to combi- 
nation, caloric favours Affinity, as by diminishing the co- 
hesion of a Solid, or by converting a Solid into a Liquid. 

As the cause of the Gaseous state, on the contrary, it 
keeps particles at a distance which would otherwise 
unite ; or by producing expansion, it tends to separate 
substances from one another, which are already com- 
bined. There is one effect of caloric which seems 
somewhat anomalous ; namely, the combination of Gases 
on the approach of flame. The explanation given of it 
by Berthollet is, probably, correct, — that the sudden 
dilatation of the Gases in the immediate vicinity of the 
flame, acts as a violent compressing power to the 
contiguous portions, and thus brings them within the 
sphere of their attraction. 

44 The influence of quantity of Matter over Affinity is Quantity c! 
universally admitted. If one body A unites with another Matte 
body B in several proportions, that compound will be 
most difficult of decomposition which contains the 
smallest quantity of B. Of the three oxides of lead, 
for instance, the peroxide parts most easily with its 
oxygen by the action of caloric;* a higher temperature 
is required to decompose the deutoxide, and the prot- 
oxide will bear the strongest heat of our furnaces with- 
out losing u particle of its oxygen. 

“ The influence </ quantity over Chemical attraction 
may be further illustrated by the phenomena of solution. 

When equal weights of a soluble Salt are added in suc- 
cession to a given quantity of water, which is capable 
of dissolving almost the whole of the Salt employed, 
the first portion of (he Salt will disappear more readily 
tljan the second, the second than the Jlhir^j, the third 
than the fourth, and so cm. The affinity of the water 
for the saline substance diminishes with each addition 
till at last it is weakened to such a degree as to be un- 
able to overcome the cohesion of the Salt. The proce$B * 
then ceases, and a saturated solution is obtained. 

44 Quantity of Matter is employed advantageously in 
many Chemical operations. If, for instance, a Chemist 
is desirous of separating an Acid from a metallic oxide 
by means of the superior Affinity of potash for the 
former, he fr^qufcntjy uses rather more of the Alkali than 
is sufficient fbr neutralizing the Acid. He takes the 
precaution of employing an excess of Alkali, in order the 



c h EMi s T r y/ 


CbemiMry. ^ore effectually to bring every particle of the substance 
to be decomposed in contact with the decomposing 
agent. 

But Berthollet has attributed a much greater in- 
fluence to quantity of Matter. It was the basis of his 
doctrine, developed in the StatiqueChimique , that bodies 
cannot be wholly separated from each other by the 

• affinity of a third substance for one element of a com- 

, pound ; and to expluiu why a superior Chemical attrac- 
tion does not produce tjje effect which might be expected 
from it, he contended that quantity of Matter compen- 

• sated for a weaker affinity. From the cooperation of 
several disturbing causes, Berthollet perceived that the 
force of Affinity cafmot be estimated with certainty by 
observing the fcrdcr of decomposition ; and he, therefore, 
had recourse to another method, lie set out by sup- 
posing that the Affinity of different Acids for the same 
alkuii is in the inverse ratio of the ponderable quantity 
of each, which is necessary for neutralizing equal quan- 
tities of the alkali. Thus, if two parts of one Acid A, 
and one part of another Acid are required to neutral- 
ize equal quantities of the ulkali|C, it was inferred that 
the Affinity of* B for 0 was twice as great as that of A. 
He conceived further, that as two parts of A produce 
the same neutralizing effect as one part of B, the at- 
traction exerted by any alkali towards the two parts of 
A ought to be precisely the same as for the one part of 
B ; and in* hence concluded that there is no reason why 
the alkali should prefer the small quantity of one to the 
large quantity of the other. On this lie founded the 
princ iple that quantity of Matter compensates for force 
of attraetion. 

“ Berthollet has here obviously confounded two 
things, namely, force of attraction and neutralizing 
power, which are really different, and might to be held 
distinct. The relative weights of muriat ic and sulphuric 
Acids required to neutralize an equal quantity of any 
alkali, or, in other words, their capacities of saturation, 
are as 37 to 40, a ratio whiih remains constant with 
respect to all otlu*r alkalis. The Affinity of these Acids 
will, according to Bcfthollcl’s rule, be expressed by the 

• same numbers. But in taking this estimate we have 
to make three assumptions, all of which are disputable. 
There is no proof, in the first place, that muriatic Acid 

• .has a greater AfHnit yPfiu^am alkali, suih as potash, than 

• sulphuric Acid. Such mi inference would be directly 
opposed to the general opinion founded on the order 
of decomposition : and though that order is by no 
means* a satisfactory •test of the strength of Affinity, it 

• w ini Id be improper to adopt an opposite conclusion 
without having* good reasons for doing so. Secondly, 
were it established that muriatic Acid has the •» renter 
Affinity, it docs not follow that the attraction of these 

* Acids for potash is in the ratio of 37 to 40. And, 
thirdly, Mqppogiug this point settled, it. is very impro- 
bable that the ratio of their Affinity for one alkuii will * 
apply to all others; analogy would lead us to anticipate 

• the reverse. Independently of these objections, M. 
Dulong has found 4hat the principle of Berthollet is not 
in accord with the results of experiment. 

“ Thodglf this mode <jf determining the relative forces 
of Affinity cannot be admitted, it is possible that quantity 
of Matter may, some how or other, compensate for a 
weaker Affinity, and Berthollet attempts to prove it by 

• experiment. On boiling the sulphate of baryta with 
an equal weight of pur^ potash* the altfafi is found to 
have deprived the barjtaof a s fin all 'portion of jts Acid ; 


and on treating oxalate of li ne with mtric Acid, some Fart <» 
nitrate of lime is generated. As these partial decorn- 
positions are contrary to the supposed order of elective 
Affinity, it was conceived that they Were produced ify 
quantity of Matter acting in opposition to force of at- 
traction. But they by no means justify such a conclu- 
sion. In the decomposition of sulphate of baryta hy 
potash, no care was taken to exclude the atmospheric 
air during the operation ; the alkali mitst consequently 
have absorbed carbonic Acid ; and it is an established 
fact, that carbonate of potash decomposes partially the * , 

sulphate of baryta. A similar omission appears to have 
been made in the other experiments, rirhere decompO- • * 

sition was attempted by pure potash or soda. In many * 
cases the result may fairly be attributed to other causes. • 

A circumstance that influences the result of such expe- 
riments, and which Berthollet left out of view entirely, 
is the affinity of Salts for one another. On the whole 
therefore, we may infer that Berthollet has given no 
satisfactory case in which quantity of Matter is proved 
to compensate for a weaker Affinity. Saline substances * 1 

indeed seem ill udapted to such researches. # For it is 
impossible in many, if not in most cases, to decide 
upon the relative strength of attraction of two Acids for # 
an alkuii, or of two alkalis for an Acid, which, neverthe- 
less, is an important element in the inquiry; and even , 

dial we possess such knowledge, the influence of modi- # 
tying circumstances is such, that it is difficult to appre- 
ciate the share they may have in producing a given 
c fleet. 

“ The influence of Gravity is perceptible when it is Gravity, 
wished to make two substances unite, the densities of • 
which are different. In a case of simple solution, a 
larger quantity of saline matter is found at the bottom 
than at the top of the Liquid, unless the solution shall 
have been well mixed subsequently to its •iormatiun. 
in making an alloy of two metals which differ from one 
another in density, a larger quantity of the heavier metal 
w ill be found at the lower than in the upper part of the 
compound, unless great care be taken to counteract the 
tendency of Gravity by agitation. * This force obviously 
nets, like the cohesive power, in preventing a sufficient 
degree of approximation. 

(114.) The agency of Caloric, Light, Electricity Impoudcr- 
uml Magnetism upon Chemical Affinity has been ul- 
ready generally adverted to. See (5.) — (40.) • • 

On the Measure of Affinity. 

“ As foregoing observations prove that the order of 
decomposition is not always 5 satisfactory measure of 
Affinity, it becomes a question vvhether*ihere are any 
means of determining the comparative forces of Che- 
mical attraction. When no disturbing causes operate, 
the phenomena of decomposition afford a sure crite- 
rion ; but when the conclusions obtained in this way 
arc doubtful, assistance inuy be frequently derived frorn # * 
other sources. The surest indications are procured by 
observing the tendency ; uf different substances to unite 
with the same principle, under the same circumstances, 
and subsequently by marking the comparative facility of 
decomposition when the compounds so formed ure ex- ^ 
posed to the same decomposing agent. Thus on ex- 
posing 'gold,* lead* and iron to air und moisture, the 
iron rusts with great rapidity, the lead is only tarnished, 
and the silver retains its lustre. It is hence inferred * 
that iron has the*greate$t Affinity for oxygen, lead ne^t, 

• 4 a 
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Chemintry. and silver least. This eoncUision is supported by con- 
earring; observations of a like nature* and confirmed 

* by the circumstances under which the oxides of those 
Petals part with their oxygen. The oxide of silver is 
reduced by heat alone ; and the oxide of lead is decom- 
posed by charcoal «t a lower temperature than the 
oftide«of iron. 

“ It is inferred from the action of caloric on the 
carbonates of potash, baryta, lime, and the oxide of 
lead, that potash has a stronger attraction for carbonic 
Acid than baryta, baryta than lime, and lime than the 
oxide of lead. The Affinity of different substances for 

* , water may be determined in a similar manner. 

( • “ Of all Chemical substances our knowledge of the 

, relative degrees of attraction of the Acids and alkalis 
for each other is the most uncertain. Their action on 
one another is affected by so many circumstances, that 
it is in most cases impossible, with certainty, to refer any 
effect to its real cause. The only methods that have 
been hitherto devised for remedying this defect are 
' those* of Berthollet and Kirwan. Both of them are 

founded ^in the capacities of saturation ; and the objec- 
tions which have been urged to the rule suggested by 
the first Philosopher, apply equally to that proposed by 
the second. But this uncertainty is of no great conse- 
quence in practice. We know perfectly the order of 

* decomposition, whatever may be the actual forces by 
which it is effected. 

On the Proportions in which bodies unite , and on the 
Laws of Combination. 

(115.) “The study of the proportions m which bodies 
unite naturally resolves itself into two parts. 'Hie first 
includes compounds whose elements appear to unite in 
a great npiuy proportions ; the second comprehends 
those, the elements of which combine in a few propor- 
tions only. 

I. “ The compounds contained in the first division 
are of two kinds. In one, combination takes place 
unlimitedly in all proportions; in the other, it occurs 
> in every proportion within a certain limit. The union 

of water with alcohol and the liquid Acids, such as the 
sulphuric, muriatic, and nitric Acids, are instances of 
the first mode of Combination ; the solutions of Salts in 
« wa^er are examples of the second. One drop of sul- 

phuric Acid may be diffused through a gallon of water, 
or a drop of water through a gallon of the Acid ; or 
they may be mixed together in any intermediate propor- 
tions, and in each case they appear to unite perfectly 
with one another. A hundred grains of water, on the 
contrary, will ’dissolve any quantity of sea salt which 
does not exceed forty grains, its dissolving power 
then ceases, because the cohesion of the Solid becomes 
comparatively too powerful for the force of affinity. 
The limit to Combination is, in such instances, owing to 
' g the cohesive power; and but for the obstacle which it 
occasions, the salt would, most probably, unite with the 
water in every proportion. 

* " All the substances that unite in many proportions, 
give xxsc to compounds which* have this common cha- 
racter, that their elements are united by a feeble affinity, 
and Reserve when combined more or less of the pro- 
perties 'which they possess in a separate •state." In a 
Scientific point of view, these Combinations are of minor 
importance; but they are exceedingly useful as' instru- 
ments of reBewch. They enable the Chemist* to ’present 
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em- 
bodies to one another, under the most favourable cwr- KuB 
cumstunces possible for acting with effect; the liquid '*^v* ik * 
form is thus communicated to them, while the affinity 
of the solvent or menstruum, which holds them to Solu- 
tion, is not sufficiently powerful to interfere with their 
attraction for one another. , 

II. “ The most interesting series of compounds is 
produced by substances which unite in a Few propor- 
tions only ; and which, in combining, lose more or less 
completely the properties that distinguished them when 
separate. Of these bodies, some form but one Com- 
bination. Thus there is only one compound of zinc 
and oxygen, or of chlorine and hydrogen. Others 
combine in two proportions. For example, two com- 
pounds are formed by copper and oxygeit, or by hydro- 
gen and oxygen. Other bodies again unite in three, 
four, five, or even six proportions, which is the greatest 
number of compounds that any two substances are 
known to produce, excepting those which belong to the 
first division. 

“ Tiic Combination of 1 substances that unite in a few 
proportions only, is regulated by three remarkable laws. 

The first of these laws' is, thut the composition of bodies 
is fixed and invariable; that a compound substance, so 
long as it retains its characteristic properties, must 
always consist of the same elements united together in 
the same proportion. Sulphuric Acid, lor example, is 
always composed of sulphur and oxygen, in the ratio of 
16 parts (hy weight) of the former to '<t\ of the latter: 
no other elements can form it, neither can its own ele- 
ments in any other proportion form it. Water, in like 
manner, is formed of 1 part of hydrogen and 8 of oxy- 
gen ; and were these two elements to unite in any other 
proportion, some new compound different from water 
would be the product. The same observation applies 
to all other substances, however complicated, and at 
whatever period they were produced. Thus sulphate 
of baryta, whether formed Ages ago by the hand of 
nature, or quite recently by the operations of the 
Chemist, is always composed of 40 parts of sulphuric 
Acid and 78 parts of baryta. This law, in fact, is uni- 
versal and permanent. Its importance is equally ma- 
nifest. It is the essential basis of Chemistry, without 
which the Science itself could have no existence. 

“ Two view* have been proposed by way of account 
ing for this law. The explanation now universally 
given of it. is confined to a mere statement, that sub- 
stances are disposed to combine in those proportions to 
which they are so st -icily limited, r in preference to any 
others; it is regarded as an ultimate fact, because* the 
phenomena arc explicable on no other Known principle. 

A different doctrine was advanced by the celebrated 
Berthollet, in his Statiqve Chimique, published in 1803. 

Huving observed the influence of cohesion and elasti- 
city in modifying the action of affinity, as already de- 
scribed, be thought he could trace the operation of the 
same causes in producing the* effect at present under 4 
consideration. Finding that the solubility of a Salt and 
of a Gas in water was limited iq the first hy cohesion, 
and in the second by elasticity, he conceived that the 
same forces would account for the unchangeable com- 
position of certain compounds. He maintained, there- 
fore, that within certain limits, bodies have a tendency 
to unite in every proportion ; and that Combination is 
never definite add invariable, except when rendered so 
by the operation of modifying copses, such us cohesion, 
insolubility, elasticity, quantity of Matter, and the like 
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h to B«rth6llet, mitphate of baryta fs 

v ^ y w^/ composed of 40 parts of sulphuric Acid and 78 of 
baryttf, not because these substances arc disposed to 
unite in that ratio rather than in any other, but because 
the compound so constituted has a great cohesive 
power. ^ 

“These opinions, whi* if true, would shake the 
* , whole Science of Chemistry to its foundation^ were 

founded on observation and experiments, supported by 
all the ingenuity of that highly gifted Philosopher. They 
were ably and successfully combated by Proust, in 
• several Papers published in the Journal de Physique, 

wherein he proved that the metals are disposed to com- 
bine with oxygen atid with sulphur only in one or two 
proportions, It Inch are definite and invariable. The 
controversy which ensued between these eminent Che- 
mists on that occasion, is remarkable for the moderation 
' with which it was conducted on both sides, and has 
been properly quoted by Berzelius as a model for all 
future controversialists. IIow much soever opinion 
may have been divided upon tfiis important question at 
that period, the dispute is now at|an end. The infinite 
variety of new facts, similar to those observed by 
Proust, which have since been established, lias proved 
beyond a doubt that the leading principle of Berthollct 
is quite erroneous. The tendency of bodies to unite in 
definite proportions only, is indeed so great as to excite 
a suspicion that all substances combine in this way ; and 
that the exceptions thought to be afforded by the phe- 
nomena of solution, are rather apparent than real ; for 
it is conceivable that the apparent variety of proportion 
noticed in such cases may urise from the igixture of a 
few definite compounds with each other. 

“The second law of Combination is still more re- 
markable than the first. It lias given plausibility to an 
ingenious hypothesis concerning the ultimate particles 
of matter, called the Atomic Theory. The law itself, 
however, contains nothing hypothetical, being the pure 
expression of a fact first established by Mr. Dalton, 
and subsequently 4>y rfiutiy other Chemists. The nature 
of it will he at once understood by a simple perusal of 
• the following table : 


Water is composed of hydrogen 

1 + oxygen 

8 

DeutoxUle of hydrqgeg 

ditto 

1 + 

ditto 

16 

Carbonic oxide 

carbon 

6 + 

ditto 

8 

Carbonic Acid 

ditto 

6 + 

ditto 

16 

Ilyposiilphurnus Acid . 

sulphur 

1 6 + 

ditto 

8 

Sulphumus^Acid . v . 

ditto 

ir, + 

ditto 

16 

Sulphuric Acid 

ditto * 

16 + 

ditto 

24 

Nitrous oxide 

jnitrogcn 

0 + 

ditto 

8 

Nitric oxide 

ditto 

14 + 

ditto 

16 

Ilyponitroiw Acid. . . . 

ditto 

14 + 

ditto 

24 

Nitrous Acid 

ditto 

14 + 

ditto 

32 

Nitric Acid 

ditto 

14 + 

ditto 

40 

“ Now’ it will be perceived that in all 

• 

these com- 


Rpmids, the numbers denoting the oxygen, which is 
attached to a given weight of the same base, hear a 
very simple ratio to one another. The dcuioxide. of 
hydrogen contains just twice as much oxygen as water 
does, ^Tfiefixygon in carbonic Acid is double (hat of 
Uarbonic oxide. The oxygen in the compounds of 
nitrogen and oxygen is in the ratio of 1, 2, 3, 4, and 5. 
So obvious, indeed, is this law, thut it is observed at 
• once when we compare the result *of 4 4 ’evv accurate 
analyses together ; and the only subject of surprise is, 

1 that it WAS nut discovered before. It is by m> means 


I S T R Y/ ’yv 637 

confined to the compound# of combustible® with oxygen. 
Thus the sulphur in the two sulphurets of mercury, the 
chlorine in the two chlorides of mercury, is as 1 to 2, 
It extends also to the Salts* The bicarbonate of potass!, 
for example, contains twice at® much carbonic Acid as 
the carbonate ; and the oxalic Acid of, the three oxa- 
lates of potassa is in the ratio of 1, 2, and 4. We mdfct 
regard it, therefore, as a general law, the enunciation of 
which may be stated in the following terms. When 
two substances, A and B, unite chemically, the gnanti* 
ties of the two bodies must either be equal. Or in the 
ratio of multiples or submultiples of each other. It is 
often called the law of multiples, or of Combination in 
multiple proportion. * 

“Every one who hears this singular law announced 
for the first time, will naturally inquire if it reafly holds 
good in all cases. It may be stated in reply, that the 
examination of numerous compound bodies leaves no 
room to question the universality of the law ; but that 
it is impossible from the present condition of the Science 
that every instance should be in accord with it. * Two 
causes are in operation which tend to prevent such 
perfect coincidence. In the first place, we are not yet 
acquainted with all possible combinations; and secondly, 
our know ledge of the composition of known substances 
is not always precise ; circumstances which will not 
exaite surprise when it is considered, thut the Science of 
* Chemistry itself, and especially the Art of making accu- 
rate analyses, is of very recent origin. The mode in 
which the first cause operates is obvious: the effect of 
the second may he illustrated by u few examples. A 
few years ago Chemists. were acquainted with only two 
compounds of sulphur and oxygen, the tulphurouff 
and sulphuric Acids; the former of which is composed 
of Hi sulphur and 16 oxygen, and the latter of 16 
sulphur and 24 oxygen. The quantity of oxygen com- 
bined with the same weight of sulphur in these com- 
pounds is iu the ratio of 2 to 3. But this exception to 
the law of multiples was only apparent, arising from 
our ignorance of the hyposulphurous Acid, a compound 
which was first noticed by Gay Lussac in the year 1813. 
It is composed of 16 parts of sulphur and 8 of oxygen, 
so that the oxygen in the three compounds is as l, 2, 
and 3, Arsenic affords an example of the same kind, 
in which, however, the anomaly is not yet explained. 
We know only two combinations of arsenic and oxygen* 
which are thus constituted : 

Aisenic. Oxygen. 

Arsenious Acid 3H + 16 

Arsenic Acid ^ 3^ -f 24 

in which the oxygen is as 2 to 3. But we may confi- 
dently expect, on two grounds, that an oxVle of arsenic 
will hereafter be disc overed ; first, because there .is the 
analogous case of sulphur to justify such a supposition ; 
aqd, secondly, because arsenic may he expected to form, 
like the other metals, a salifiable base with oxygon. 
The three compounds of oxygen and lead arc composed* 
of 

Lead. Oxygen. 

Protoxide *104 4- 8 

Dcutoxide (hemideutoxide, E. M.). . 104 + # 12 
Peroxide (deutoxide, K..M.) 104 4 16 

and the proportion of oxygen, therefore, is as l^IJ. 
and 2. But it is manifest that the discovery <>l au 
oxide formed of 104 to 4 of oxygen, would at omie 
make theoB compounds harmonize with Mr. Dalton's 
^w. ’ , 
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Chwnutry. “ The third law of Combinations is as fully as remark* 
s — v- **' able as the preceding, and is intimately connected with 
f . . it. Water and hyposulphurous Acid may be adduced 
V % way of illustration. The former is composed of 8 
oxygen + 1 hydrogen; the latter of 8 oxygen *f Id 
sulphur. Now it is singular, that the well-known sub- 
stance, sulphuretted hydrogen, is constituted of 1 hydro- 
gen -f 18 sulphur; that is, the quantities ofhydrogen 
and of sulphur, which combine with the same quantity 
of oxygen, combine with dne another. Again, 40 parts 
of selenium with 8 of oxygen form the oxide of sele- 
nium, and with l of hydrogen, seleniuretted hydrogen : 
36 parts of chlorine with 8 of oxygen constitute the 
Oxide of chlorine, and with 1 of hydrogen form muriatic 
Acid Gas; 16 parts of sulphur combine with 36 of 
chlorint to form the chloride of sulphur. 

“It is manifest from these examples, that bodies 
unite according to proportionable numbers ; and hence 
has arisen the use of certain terms, as proportion, com- 
bining proportion, or equivalent, to express them. Thus 
the combining proportions of the substances just alluded 


to are t 

Hydrogen 1 

Oxygen 8 

Sulphur.... 16 

Chlorine 36 

Selenium 40 


“When one body combines with another in more 
than one proportion, then the law of multiples already 
explained comes into action. Thus, 

Sutphui. nxy^rii. 

Hyposulph. Acid is composed of 16 or 1 pr. + 8 or 1 pr. 

Sulphurous Acid 16 or 1 pr. -f 1 6 nr 2 pr. 

Sulphuric Acid 16 or l pr. 4-2-1 or 3 pr. 

“The njost common kind of combination is one pro- 
portion of one body cither with one or with two propor- 
tions of another. Combinations of 1 + 3, or I -f 4, 
are very uncommon, unless the more simple compounds 
likewise exist. Ammonia, however, is a singular in- 
stance of the reverse*. It is composed of nitrogen 14 
parts hydrogen 3 parts. Now, 14 is the precise 
quantity of nitrogen which unites with 8 of oxygen ; 
and, therefore, 14 is considered as one proportion of 
nitrogen, which is consequently combined with three 
proportions of hydrogen. It is probable that com- 
pounds of 1 -f- 1 and 1 4- 2 will hereafter be discovered, 
but they are quite unknown at present. 

“ But this law does not apply to elementary substances 
only, since compound bodies have their combining pro- 
portions, which may likewise be expressed in numbers. 
Thus, since water is composed of one proportion, or 8 
of oxygen, and one proportion, or 1 of hydrogen, its 
combining proportion is 9. The proportion of sulphuric 
Acid is 40, because it is a compound of one proportion, 
or 16 of sulphur, and three proportions, or 24 of oxygeft : 
' f and in like manner the combining proportion of muriatic 
Acid is 37, because it is a compound of one proportion, 
or 36 of chlorine, and one proportion, or*l ofhydrogen. 
Tile proportional number of potassium is 40, and as 
that quantity combines with 8 oY oxygen to form potash, 
the combining proportion of potash is 48. Now when 
these compounds unite, one proportion of the one corn- 
bines with One, two, three, or more proportions of the 
other, precisely as the simple substances do. The 
hydrate of potash, for ^ example, is constituted of 48 
potash and 9 of water* and its combining proportion is 
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consequently 48 + 9 ‘ss 67. The sulphate of potash Il- 
ls composed of 49 sulphuric Acid 4* 48 potash ; and the 
muriate of the same alkali of 37 muriatic Acid* + 48 
potash. The combining proportion of the former Salt 
is, therefore, 68, and of the latter 85. 

“ The composition of tl^ Salts affords a very neat 
illustration of this subject r and to exemplify it still 
further, a list is subjoined of the proportional numbers » 

of a few Acids and alkaline bases. 


Fluoric Acid 

. 10 . 

. s Lithia . . . . . 

. 18 

Phosphoric Acid . 

. 28 . 

. . Magnesia . . 

. 20 

Muriatic Acid . . . 

. 37 .. 

. . Lime 

. 28 

Sulphuric Acid. . . 

. 40 . 

. . Soda 

. 32 

Nitric Acid 

. 54 . 

. . Potash, . . . . 

. 48 

Arsenic Acid .... 

..62 . , 

. . Strontia. . . . 

. 52 



Baryta 

. 78 


“ It will bo seen at a glance, that the neutralizing 
power of the different alkalis is very different; for the 
proportion of each bast* expresses the precise quantity 
required to neutralize a proportion of each of the Acids. 
Thus, 18 of lithia, 32 ff soda, and 78 of baryta, combine, 
with 10 of fluoric Acid, forming the neutral fluates of 
lithia, soda, and baryta. The same fact is obvious with 
respect to the Acids; for 28 of phosphoric, 40 of sul- 
phuric, and 62 of arsenic Acid, unite with 28 of lime, 
forming a neutral phosphate, sulphate, and arseniate 
of lime. 

“ These circumstances afford a ready explanation of 
a curious fact, first noticed by the Saxon Chemist 
Wenzel ; that when two neutral .Salts mutually decom- 
pose each other the resulting compounds are likewise 
neutral. The cause of this fact is now obvious. If 88 
parts of neutral sulphate of potash are mixed with 132 
of the nitrate of baryta, the 78 baryta unite with the 49 
sulphuric Acid, and the 54 nitric Acid of the nitrate 
combine with the 48 potash of the sulphate, not a par- 
ticle of the Acid or alkuli remaining in an uueombined 
condition. 

Sulphate of potash Nitrate of baryta. 

Sulphuiie Acid. . 40 -54 Nitric Acid. 

Potash 48 78 Baryta. 

88 132 

« 

“ It mutters not whether more or less than 88 parts 
of sulphate of potash are added ; if more, a smaller 
quantity of sulphate of potash will remain in solution; 
if less, nitrate of baryta will be imexcess ; but in. either 
case the neutrality will not be affected. * . 

“ The utility of being acquainted with these important 
laws is almost too evident to require mention. Through 
their aid, and by remembering the proportional num- 
bers of a few elementary substances, the composition 
of an extensive range of compound bpdie^. may be 
calculated with facility. By knowing that 6 is the 
combining proportion of carbon, and 8 of oxygen, it is 
easy to recollect the composition of carbonic oxide and 
carbonic Acid ; the first being 6 carbon -|~ 6 oxygen ; 
and the second 6 carbon 4~ 16 oxygen. Forty is the 
number of potassium, and potash being its 'protoxide, h 
composed of 4 potassium -f* 6 oxygen. From these 
few data we know at once the composition of. the cat* 
bon ate and bicarbonate of potash. The first is '22 caff 
borne Acid 4* a 48° pwta$h ; the second, 44 carbonic Acid 
4- 48 potash, 4 This is „ done with very little effbtt of 
the mcritjory; and the assistance derived from the 



C H E M 1 S T R lf. 




Chemi«try. iiictb(Ki vyill be manifest on comparing k with thccom- 
mon practice of setting 1 down the composition in 100 
..parte* ' r 

Carbonic oxide. Carbonic acid. 

Carbon..*.... 42.86 27;2t 

Oxygen 37.14 72.73 

Carbonate of potash. Dicarbonate of potaah. 

• Carbonic Acid . 31.43 47.83 

. Potash 68.57 52.17 

# * Prom the same data* calculations, which would 
4 otherwise be difficult or tedious, may be made rapidly, 

and with ease, without reference to books, and fre- 
quently by a simple mental process. The exact quan- 
tities of substances required to produce a given effect can 
he determined with certainty, ‘thus affording informa- 
tion which is often necessary to the success of Chemical 
processes, and of vast consequence both in the prac- 
tice of the Chemical arts in^i in the operations of 
Pharmacy. 

%i The same knowledge affords a good test to the 
analyst by which he may judge |>f the accuracy of his 
result, and even sometimes correct an analysis which 
he has not the means of performing with rigid precision. 
Thus a powerful argument, for the accuracy of an ana- 
lysis is derived from the eorresjyjndence of its result 
with the laws of Chemical union. On the contrary, if 
it form an exception to them, we are authorized to re- 
gaid it as doubtful, and may hence be led to detect an 
error, the existence of which might not otherwise have 
been suspected. Ihun oxidized body is found to con- 
tain one proportion of the combustible with 7.99 of 
oxygen, then the inference is unavoidable, that S, or 
one proportion of oxygen, would have been the result, 
had the analysis been perfect. From the same cause, 
the discovery of a new compound, whether it has been 
formed by the Chemist, or exists as a mineral in the 
earth, is always interesting : curiosity is excited to ascer- 
tain the ratio of its constituents, and see if il be such as 
reasoning from t?i£ established data would lead us* to 
conjecture. 

. “ The composition of a substance may sometimes be 

determined before any analysis of it has been made. 
When the new alkali lithia was first discovered, Ghe- 

• mists did not possess 5 sufficient quantity of it for deter- 

. * mining analytically how much oxygen it contained. Rut 

it is known that (tie neutral sulphates of the alkalis and 
earths are composed of one proportion of each constitu- 
ent, and that The oxidb contains oi** pmportion of oxy- 
% gen* If it he found, therefore, by analysis, that the 

neutral sulphate of lithia is composed of 40 parts of 

* sulphuric Acid and 18 of lithia, we conclude, since 
40 is one proportion of the Acid, that 18 is the cquiva- 

• lent for lithia, and that the oxide is formed of S oxygen 
and 10 of ljthiiyn. . 

“ The method of determining the proportional numbers 
be anticipated from, what has already been said ; 

• ■ the commencement is made by carefully analyzing a 

definite compound of* two simple substances, which pos- 
sess an extensive range* of affinity. No two bodies are 
better aduptefl for this purpose than oxygen und hydro- 
gen ; and that compound is selected which contains the 

• smallest quantity of oxygen. Water is such a substance, 
and it is, therefore, regarded as a compound of one 

• • proportion of oxygen + 1 proportion of Rydwgen. But 

analysis prove** that it is composed of 8* parts of the 
former-f 1 of the latter*; by whfth tfie relative weights 


of their proportions afje dewrmined ; that of oxygen 
being B times heavier than that of hydrogen. 

“ Some compounds are next examined, which contemn 
the smallest pmportion of oxygen of hydrogen, in com- 
bination with some the cju^ntitk* of 

each being the smallest that together, Car- 

bonic oxide, with respect to cttTbon.and sulphuretted 
hydrogen, wvth respect to sulphur, descrip- 
tion perfectly. The former consists of &qxygeu and 
6 carbon : the latter of 1 hydrogen + ei&sulpbui* The 
proportional number of carbon is, eon**equeutly* *<1, and' 
of sulphur 16i The proportions of all other bodieg lhay 
be determined in the sflme manner. * K ''\' * 

“ Since the proportional numbers merely express the 
relative quantities of different substances which combine 
together, it is in itself immaterial what figures are em- 
ployed to express them. The only essential point is, 
that the relation should be strict’y observed. Thus we 
may make the combining proportion of hydrogeu 10, if 
we please : blit then oxygen mu^t be 80, carbon 60, 
and sulphur 160, We may call hydrogen 100 or 1000, 
or, if it were desirable to perplex the subjecPas much 
as possible, some high uneven number might be selected, 
provided the due relation between the different numbers 
is faithfully preserved. But such a practice would 
effectually do away with the advantage ascribed to the 
u*L* of the proportional numbers, and hence it is the 
object of every one to employ such simple ones, that 
their relation may be perceived by mere inspection. As 
the opinion of different Chemists concerning the sim- 
plicity of numbers is somewhat at variance, we possess 
several series of them. Dr. Thomson, for example, 
makes oxygen 1, so that hydrogen is one-eighth of 
unity, or 0.125, carbon 0.75, and sulphur 2. Dr. 
Wollaston, in his scale of Chemical equivalents, fixes 
oxygen ut 10, by which hydrogen is 1.25, tfarbon 7.5, 
and so on. According to Berzelius, oxygen is 100. 
And, lastly, several other Cherrnsts, such as Dalton, 
Davy, Henry, and others, call hydrogen 1, and, there- 
fore, oxygen 8. One of these series may easily be re- 
duced to any of the others, by an obvious and simple 
Arithmetical process ; and, excepting that of Berze- 
lius, whose numbers are inconveniently high for prac- 
tice, it is not very material to which of them the prefer- 
ence is given. In this Work the last method is adopted, 
in consequence of its containing no fractional putts. 

On the Atomic Theory of Mr. Dalton . 

(1 10.) “ The brief sketch which has been given of the 
law s of combination, will serve to set the importance of 
this department of Chemical Science in its true light. It 
is founded, as will have been seen, on experiment 
alone, and the laws which have been stated are the pme 
exyression of fact. It is not necessarily connected with 
any speculation, und may be kept wholly tree from it. 

“ The reason why persons, partially acquainted * 
with the subjeot, have supposed it to lie of an hypo- 
thetical nature, is sufficiently obvious. It wus impos- 
sible to reflect on the regularity* and constancy. with 
which bodies obey the laws of proportion, without spe- 
culating about the cause of ’that regularity ; and conse- 
quently,, the facts themselves were no sooner noticed, 
that* an atterrfpt’was made to explain them. Accord- 
ingly, when Mr. Dalton published his discovery of 
thcHe law$,, jie at once incorporated the description of 
them with hjs notion of their Physical cause ; and even 
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expressed the former in language suggested by; the 
hitter, Since that period, though several British Che- 
ousts of eminence, aud in particular, Dr. WoUepton 
and Sir H* Davy/have recommended and practised an 
opposite course, both subjects ; haye weii but;5too com- 
monly comprised under the 9^$# Atomic Theory^; 
aifd hence it has often happene$f ifctrt beginners have 
rejected the whole as hypotheticni, because they could 
not satisfactorily distingpMir^^ was founded 

on fact* and what was coifectural. All such perplexity 
‘ would have b'een^ avoided* and this dpiartment of 
the Science have bean fa* better mideimbod, and its 
v^lue more justly ippreci atetffnad the dismission con- 
cerning the atomic constitution of btMdies been ulways 
kept distinct from whai. v it was intended to explain. 
When employed in this limited sense, the Atomic Theory 
may he discussed in a few words. 

“ Two opposite opinions have long existed concern- 
ing t^c .ultimate elements of Matter. It is supposed, 
according to one party, that every particle of Matter, 
however small, may he divided into smaller portions, 
providedenir instruments and organs were adapted to the 
operation. Their opponents contend, on the other hand, 
that Matter is composed of certain atoms, which are of 
such a nature as not to admit of further division. These 
opposite opinions have, from time to time, been keenly 
contested, and with variable success, according to the 
acuteness or ingenuity of their respective champions. 
But it was at last perceived that no positive data ex- 
isted capable of deciding the question, and its interest, 
therefore, gradually declined. The progress of modern 
Chemistry has revived the general attention to this con- 
troversy, by affording a far stronger argument in favour 
of the atomic constitution of bodies than was ever ad- 
vanced before, and which seems almost irresistible. 
We have utily, in fact, to assume, with Mr. Dalton, 
that all bodies are composed of ultimate atoms, the 
weight of which is different in different kinds of Matter, 
and we explain at once the foregoing laws of Chemical 
union. 

44 According to this view, every compound is formed 
by a combination of the utoms of its constituents. An 
atom of A may combine with 1, 2, 3, or more atoms of 
if an arrangement on which depends the law of mul- 
tiples. If w ater, for example, is composed of an atom 
of h)drogen and an atom of oxygen, it follows that 
every compound of hydrogen with an additional quan- 
tity of oxygen, must contain 2, 3, or more atoms of 
oxygen; some multiple in a word by a whole number 
ol the quantity of oxygen contained in water It is 
equally clear, from this view of the composition of 
wafer, that {he weight of’ an atom of oxygen is eight 
time*, heavier than an atom of hydrogen. The relative 
weight of the atoms of other substances may be deter- 
mined,. in a similar manner. Thus an atom of carbon 
is 6 times, an atom of sulphur 16 times, and an atom* 
of chlorine 3o times heavier than an atom of hydrogen ; 
and this explains why they unite with ring another in the 
proportions expressed by those numbers. What are 
called the pioportimml numbers are, in fact, nothing 
, <5lae £ui the relative weights of atoms. 

“ No one cun suppose that the laws of Chemical 
union are the cflcct of chance : there must be some cause 
for them In the nature of the ultimate particles of Mat- 
ter, Thitf; cause, as we have just seen, is completely 
imppliei^by the supposed atomic constitution of bodies, 
which accounts* 4br the phenomena in the most beautiful 


aud consistent manner; So perfect, indeed, fa the 
explanation; that the existence of these laws might have 
been predicted by the aid of atomic hypothesis long 
before they %«rfe actually discovered by analysis.. But 
these are wot the only arguments which we at present 
possess in fatfouir of the existence of ultimate indivisible 
particles ftf Matter. Dr. Wollaston, in his Paper on the 
Finite Extent of the Atmosphere, ( Philosophical Trafi»* 
actions , 1822,) has defended this side of 'the question 
on a new and independent principle, and the proof he 
has given of the atomic constitution of bodies appears 
decisive. 

“ Some Chemists, even without expressly adopting 
the Atomic Theory itself, have followed Mr. Dalton in 
the use of the terms atom and atomic weight, in prefer- 
ence to proportion , co fab ini proportion , equivalent , 
and others of a like kind. All these appellations, how- 
ever, have the same signification ; and, in using the 
word atom, instead of the others, it should be held in 
mind that it merely denotes the proportions in which 
bodies unite : that it is the expression of a fact w r hich will 
remain the same, whether the atomic hypothesis which 
suggested the employment of the term be true or false. 

44 There is one circumstance which, at the first view, 
seertis hostile to the supposed atomic constitution of 
Matter. In describing the law of multiples, it was 
mentioned that the oxygen in the three oxides of lead 
is the ratio or 1 1 $ : 2 : so that if we regard the prot- 

oxide as composed of one combining proportion of lend 
to one proportion of oxygen, the second will contain 
one proportion and a half, or, according to the atomic 
theory, one atom ami a half of oxygen, Now, though 
the half of a combining proportion may be admitted, 
the existence of half an indivisible particle of Matter is 
inconceivable : and this circumstance would be fatal to 
the Atomic Theory, were there not some satisfactory 
mode of accounting lor it. Several explanations might 
be brought forward. One of them, as has already been 
mentioned, rests on the supposition that what is called 
th# protoxide, is, in reality, con posfd of one atom of 
lead to two atoms of oxygen ; and that the real prot- 
oxide has not yet been discovered. Another mode of 
accounting for the anomaly is, by regarding the pre- 
sent deutoxide as composed of the protoxide aud per- 
oxide combined villi each other. A third method is, 
by doubling both elements of the anomalous compound, 
by which the exact ratio is preserved, and the idea of 
the fraction of an atom is uwiided. Thus the protox- 
ide and peroxide of iron are composed, the first^ of one 
proportion, or 28 of metal 4* 8 of oxygen, and the se- 
cond, of 28 of metal ~f- an atom and /i half, or 12 of 
oxygen ; or what amounts to the same thing, of 56, or 
two atoms of iron, to 24, or three atoms of oxygen. 
These observations prove, thut the occurrence of half 
proportions is not inconsistent with the atomic constitu- 
tion of ‘bodies; they show that the difficulty is explica- 
ble, and probably will, in the progress of discovery, be 
entirely removed. In the mean time, however, it woutd 
be inconvenient to allow any speculative notions on the 
subject to interfere with actual 1 practice ; and, there- 
fore, it is best at once to admit the oectii^enee of half 
proportions : and, if any one prefer the term atom to 
equivalent or proportion , he must submit to the some* 
what jarring expression of half an atom.. 

“ J4r. Dalton* suppose# that the atoms of bodies are 
spherical, and* ha# invented certain symbols to repre- 
sent the tnode in Whiclrhe conceives they may combine 
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Chemistry, together/' See his tfe to System tf 'Chemkid Philo* 
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“ There ere reverabquestions relative to the ttaiure of 
atoms, iriost of which will, perhaps, neverbe decided. 
Of this nature are the questions which relate to the 
actual form, size, and weight of atoms, and to the 
cumstances in which they mutually differ, A#} that we 
know with any certainty is, that their weights do differ, 
and by exact analysis the ratios between diem may be 
determined. The numbers which indicate the com- 
bining proportions of*bodies, are, in fact, the relative 
weights of their atoms. 

u It is but justice to the memory of the late Mr. 
Higgins, of Dublin, to state, that he first made use of 
the atomic hypothesis in Chemical reasonings. In his 
Comparative View of thz^hlogistic and Antiphlogistic 
Theories, published in 17§0, he observes, (pp. 36 and 
37,) that 44 in volatile vitriolic Acid a single ultimate 
particle of sulphur is intimately united only to a single 
particle ofdephlogisticatod air; land that in perfect vitri- 
olic Acid, every single parlicleiff fudphur is united to two 
of dephlogisticatcd air, being thtlquantity necessary to 
saturation : w and he reasons in tne same way concern- 
ing the constitution of water and the compounds of 
nitrogen and oxygen. These remarks of Mr. Higgins 
do not diminish Mr. Dalton’s claim of originality. 
They appear to have been quite mTknown to him at the 
time he published his New System of Chemical Phi- 
losophy ; and indeed they were made in mj casual a 
manner, as not only to escape observation, but to prove 
that Mr. Higgins himself attached no particular in- 
terest, to them. Mr. Dalton’s real merit lies in the 
discovery of the laws of combination, a discovery 
which is solely and indisputably his ; hut in which he 
would have been anticipated by Mr, IJiggins, hud tha*. 
Chemist perceived the importance of his own opinions. 
The merit of applying the atomic hypothesis to account 
for these luws likewise belongs to Mr. Dalton ; nor is 
his ingenuity in the least affected by the circumstance 
that another person had previously explained insulated 
Chemical facts on the same principle. * 

On the Theory of Volumes, 

*( 1 17.) 44 Soon after tlie publication of the New System 
of Chemical Philosophy ini HOB, in winch Work Mr. Dalton 
explained his views of the atomic constitution o( bodies, 
a Paper appeared in the second volume of the Memo ires 
d'Arcueit , by M, Gay ljussac, on flic Com hi nation of 
Gaseous Substances with each other, lie there proves 
that Gases unite together by volume in very simple arid 
definite proportions. In the combined researches of 
lurnself and M. Humboldt, those gentlemen found that 
water is composed precisely of 100 measures of oxygen 
and 200 measures of hydrogen; and M. Gay Lussuc? 
being struck by this peculiarly simple proportion, was 
induced to examine the Combinations of other Gases, 
with the view of ascertaining if any thing similar 
occurred in other instances. 

** The first ^compounds which he examined were 
those of ammonittcai Gas with muriatic, carbonic, and 
tiqoboric Acid Gases* 100 volumes of the alkali com 
billed with precisely 100 volumes of muriatic Acid Gas, 
and they could be made to unite in up oilier ratio. 

• With both the other Acids, on the cantmryvtAro distinct 
combinations were posable. Tht$e are : 


100 Fluoboric Aoi<H5U*s With 100 ammoniacal Gas. 

100 ; * •/o$00. * ditto. 

lot) Carbonic AcMt ‘ ditto, 

10 ditto, ■ • 

1 oWn ex ai^ 

Btmhollet to*4bpidst oWttfO 
volumes of tiydrpgen. 

Acid and &0 volumes of ffltyfhsn sulphuric k 

Acid* Carbmiic Acid is c(>mpQre$ : %^niO;;-|^AiheM of' 
oxygen and luO volum#gof carl^tmic 5 v 

“ Frntr/ these and other installed M, QaV J^UfcSwc 
established the fact, that 'Gaseous substao^a unite th 
the simple ratio of 1 to 1, 1 to 2, 1 to 3, 1 fyc,; add' ; 
this original observation has been confirmed by such, a 
multiplicity of experiments, that it may he regarded aa 
one of the best established laws in Chemistry. Nor 
does it apply to the true Gases merely, but to vapour# 
likewise. For example, sulphuretted hydrogen* sul* 
pimrous Acid, and bydriodic Acid Gases ure con)* 
posed of # 

100 vol. hydrogen + 100 vol. vapour of sulphur, ;> 

100 do. oxygen. . + (00 do. do. do, 

100 do. . .do. ... + 100 do. do. iodine. 

V There are very good grounds to suppose, also, that 
solid bodies which are fixed in the fire, would, when in 
the form of vapour, be subject to the same law. By a 
method which will be hereafter explained we may cal- 
culate what the Specific Gravity of carbon would be, if 
converted into vapour, and 0.4166 is the number so 
determined, atmospheric air being unity. Now if we 
assume that carbonic Acid is formed of 100 volumes at 
c.xygen + 100 volumes ofthe vapour of carbon, condensed 
into the space of 100 volumes, the Specific Gravity of 
carbonic Acid will be 1.1111 (the Specific Gravity of 
oxygen) -f 0.4166= 1.5277, which is the precise num- 
ber determined by experiment. Again, it follows from 
our assumption, that carbonic Acid is composed by 
weight of 

Oxygen ] .1 1 1 1 16 or 2 prop. 

Carbon 0.4166 6 or 1 prop. 

as ascertained by analysis. 

“ If we assume that carbonic oxide is com posed qpf 
50 volumes of oxygen, and 100 volumes of the vapour 
of carbon, condensed into the space of 100 volumes, 
then its Specific Gravity will be 0.5555 (half the Specific 
Gravity of oxygen) -f- 0.4166 = 0.9721 ; and its com- 
position will be s • • 

Oxjgen 0,5555 8 or 1 prop. 

Carbon 0.4166. ..... 6 or 1 prop. 

both of which results have been determined by other 
methods. . , 

# . Fhc compounds of carbon and hydrogen are 
equally illustrative of the same point. If light ear* 
buretted hydrogen is formed of 200 volumes of hydro- 
gen -f 100 volumes of the vapour of carbon, condensed 
into 100 volumes, its Specific Gravity shoufd be 0,1388 
(twice the Specific Gravity* of hydrogen) -f- 0.4166 
— 0.5554 ; and its composition by weight will he 

f •, Hy/Irogen. . . . 0.1388 2 

Carbpu. 0.4166 6 

u If olefiant Gas is comjwsed of 200 volumes of hy- 
drogen -f* 200 volumes ofthe vapour of car lion, its 
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Specific Gravity will be 0.1388 + 0.8332 £=; 0,9720 ; 
and its composition by weight must be 

• Hydrogen. .. .0.1388 2 

Carbon 0.8332. 12 

both of which results have been obtained by analysis. 

t“ Another remarkable fact established by M. Gay 
Gussac in the same Paper h that the^diminution of 
bulk which Gases frequently suffer in dbmbining, is 
also in a very simple jatip. Thus the 4 volumes of* 
which Ammonia is constituted, (3 hydrogen + 1 nitro- 
gen,) contract "to a half or to 2 volumes when they 
unite. There* is a contraction to two-thirds in the 
formation pf nitrons oxide Gas. The same applies to 
the combination of Gasqs and vapours. There is con- 
traction to a half in the formation of sulphuretted 
hydrogen ; and to a third in that of sulphurous acid. 
The instances just quoted relative to the vapour of 
carbon confirm the same remark. There is a contrac- 
tion to two-thirds in carbonic oxide, to a half in car- 
bonic Acid, to a third in light carburetted hydrogen, 
and to a fourth in olefiant Gas. 

, “The rapid progress which Chemistry has made 
within the last few years, is in a great measure attri- 
butable to the ardour with which Pneumatic Chemistry 
has been cultivated. That very department, which at 
first sight appears so obscure and difficult, has afforded 
a greater number of leading facts thqtn any other; hud 
the law of Gay Lus^ac, by giving an additional degree 
of precision to such researches, as well as from its own 
intrinsic value, is one of the brightest discoveries that 
adorn the annals of the Science. The practice of estimat- 
ing the quantity in weigh* of any Gas by measuring its 
volume, of itself susceptible of much accuracy; is ren- 
dered still more precise and satisfactory by the opera- 
tion of tins law. It will not, pet haps, be Kupeifiiious, 
therefore, to exemplify tile method of reasoning em- 
ployed in these investigations by a few examples, which* 
will serve, moreover, as a useful specimen to the be- 
ginner of the nature of Chemical proof. 

44 One essential element in every inquiry of this kind, 
which is indeed the keystone of the whole, is a know- 
ledge of the Specific Gravity of the Gases. But it is 
exceedingly difficult to determine the Specific Gravity of 
the Gases w'ith perfect accuracy; for not only Ho slight 
alterations of temperature and pressure during the ex- 
periment affect the result, but thq* presence of a little 
watery vapour, atmospheric air, or other impurity, may 
cause a material error, especially when the Gils to be 
weighed is either very light or very heavy. The Specific 
Gravity of impoitifnt Ohses has accordingly been stated 
differently by different Chemists, and there is none in 
regard to which more discordant statements of this 
fact 1 have been made than of hydrogen Gas. Fortu- 
nately we possess the power of correcting the results, 
and of estimating thvir accuracy, by means of oilujr 
data, upon which greater reliance may be placed, Ac- 
cording to bur best data, the Specific Gravity of oxygen, 
hydrogen, and nitrogen Gases, air being 1, is 

.Oxygen 1.1111 

♦ Hydrogen . . , . .* 0.0694 

Nitrogen,... 0.9722 

44 It has been proved by analysis that 200 volumes of 
nrnmmdacal Gas are composed of 300*voiumo# of hydro- 
gen fend 100 volumes of nitrogen, from which the Spe- 
cific Gravity of that felkuJi may be calculated’. 

Thud; 0,0722 f (0*0694 X 3) = Hi 804, 


fetid 1.1804 -s- 4is the Sped&c-Grovity m ftyt lb 

should have, did its constituents suffer no contraction ; 
but as they contract to one half; the rbal Specific Gravity 
is double what it otherwise Would toe, dr is 0.5902. 

Now, if by weighing a certain quantity of ammoniacal 
Gun, the same number is procured for its Specific Gra- 
vity, it fallows thfct all the elements of the calculation 
must have been correct. 

44 N itric oxide is composed of 100 volume* of nitrogen 
-f 100 volumes of oxygen, nnitrd without any contrac- 
tion, and forming, consequently, 200 volumes of the 
compound. Its Specific Gravity must, therefore, be the 
mean of its constituents, or (l.llll -f* 0.9722) -r 2 
=r 1.0416. The coincidence of this calculated result 
with that determined. by weighingthe Gan itself, proves 
that all the data are trtte. It is obvious, indeed, that 
the calculated results, as being free from the unavoid- 
able errors of manipulation, must be the most accurate, 
provided the elements of the calculation may be trusted. 

44 Dr. Henry has proved by careful analysis that 100 
volumes of light, caybulretted, hydrogen Gas, a com- 
pound of carbon andmydrogen, require 200 volumes of 
oxygen for complete combustion ; that water and car- 
bonic Acid are the sole products; and that the latter 
amounts precisely to 100 volumes. From these data, the 
proportions of its constituents and its Specific Gravity 
may be determined. c FW 100 volumes of carbonic Acid 
contain 100 volumes of the vapour of carbon, which 
must have been present in the carbureted hydrogen, 
and 100 volumes of oxygen. One half of the oxygen « 
originally employed is thus accounted for, and the re- 
mainder must have combined with hydrogen. But 100 
volumes of oxygen require 200 volumes of hydrogen 
for combination, all of which must likewise have been 
contained in the carburetter! hydrogen. The 100 vo- 
lumes of light carburet ted hydrogen submitted to 
analysis, are hence composed of 100 volumes of the 
vapour of Carbon, and 200 volumes of hydrogen. Its 
Specific Gravity must, therefore, be 0.5554, that is 
0.1 1 66 (the Specific Gravity of earboiiwupour) 4*0.1388, 
or twice the Specific Gravity of hydrogen Gas. 

44 Having ascertained that light earhuretted hydrogen 
Gas is composed of two measures of hydrogen to one 
of the vapour of carbon, it is easy to calculate the pro- 
portion of its constituents in Weight. For this purpose 
we need only multiply the bulk of the Gases by their 
respective Specific Gravities Thus, 2o0 X 0.694 ss 
13.88, and 100 X 0.4166 cr 41.66. Hence, light car- 
buretted hydrogen |s composed Vy weight of 

Carbon . . . /. . 41.66 .... 6 

Hydrogen. ... 13 88 . . 2 

“The theory of volumes has very considerable analogy 
to Mr. Dalton’s law of multiple proportions. The for- 
mer is indeed, to a certain extent, a consequence of the 
Ritter f for if one body unites with aiwthev in several 
proportions, the quantities of the variable ingredient 
will stand in the same relation to one another, when 
expressed by volume, as they do by weight. But there 
is one remarkable difference. ,Thfc weights of the two 
elements of a compound have no apparent dependence 
on one another. Thus, 6 carbon and 8 oxygen form 
carbonic ucid ; 8 oxygen and 14 nitrogenjbrm nitrous 
oxide; 8 is no multiple by any whoke number of 
nor 14 of 8. • But the elements of & compound fere 
always unfit*! by*votume, in the rfetio of l to J, Ftp 2, 
l to 3, and so cm. This distinction » certainly very 
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Cheraiitry. obvious | but still there fe otherwise «ucb ft similarity in 
w-v-w the two laws, that the peculiar nature of the ultimate 
particles of Matter which gives rise to the one must 
surdy be the cause of the other. It is to be hoped, 
therefore, that the connecting link wilt soon be supplied* 
and one fact of great interest lias already been deter- 
mined, which may ultimately be of use in accounting 
for this difference. In the Vlth volume of the Annat * 


make the atoms and volumes of bodies correspond to 
one another ; and that lt ^ight be effected by consider- 
ing water as a compound Ofan atom of oxygen d- two 
atoms of hydrogen. Sir ftv Bgvy has accordingly done 
so in hi * Element* of Chemical Philosophy, and the atom 
of oxygen will, therefore, be lt); while that of hydrogen 
is unity. But the inconvenience ftrikittg from, tjuis 
practice is far greater than the 'wfl it was intended 


of Philosophy^ 0. S. T Dr. Prout published an Essay to remedy. ^ For on this supposition* sulphuretted 
On the Helation between the Specific Gravities of Bodies g hydtp^ must be held as an atom of sulphur with 
in their Gaseous state and the Weights of their Atoms , two atoms of hydrogen, while it is composed tof ong. 

. .... . , .1 . . it _ .• L... f lU A..U 


in which he showed that the atomic weights, or equi- 
valents of several substances, are multiples by a whole 
number of the atonic weight of hydrogen gas. Dr. 
Thomson too^ up this idea, and in his recent admirable 
Treatise on the First Principles of Chemistry , has 
proved that it applies generally ; that the atomic weights 
of all the simple substances he examined are not only 


volume of each of its constituents. Muriatic Acid 
Gas would consist of one atom of chlorine, and two 
atoms of hydrogen, though formed of one, volume tit 
each Gas. The same remark applies to Hydriodic Acid, 
Hydrocyanic Acid, and most other compound Gifree 
containing hydrogen. i 

“ The reason of this is that the atoms and volumes 


multiples by a whole number of the atomic weight of of all the simple Gases, .^oxygen excepted,) and many 
hydrogen, but with very few e%ceptions of two atoms compound ones also, according to the received system, 
of hydrogen. k . , • correspond with one another. Sulphuretted hydrogen 

“D& Prout pointed out another circumstance of is composed of one volume or one atom of sulphur to 
much interest with respect to thilquestion, in thePaper one volume or one atom of hydrogen. Muriatic Acid 
above alluded to. He showed that in general the Spe- is composed, in like manner, of one volume or one atom 
cific Gravity of w body in its gaseous state may tjfypb" of each of its constituents. Light carburetted bydro- 
tained by multiplying its atomic weight (the alofii of gen is a compound of two volumes of hydrogen to one 
oxygen being taken as unity) \fy 0.555, or half )he vojume of the vapour of carbon, or of two atoms of 
Specific Gravity of oxygen Gas ; and Dr. Thomson, in hydrogen to one pf carbon. All this advantage is lost 
the VII th chapter of the Work just mentioned, has by regarding water as a compound of two atoms of 
discussed the subject at considerable length. The fol- hydrogen to one of oxygen ; and this forms a sufficient 
lowing explanation will I hope make the reason of this reuson for not adopting the method of Sir II. Davy.” 
rule intelligible. Water is composed of one volume of Berzdiv,. 

oxygen to two volumes of hydrogen ; and as Chemists a J 

regard it as a compound of one atom of each element, (11$) 14 It is well known that the celebrated Pro- 
it, of course, follows that one atom of hydrogen mu t fessor of Stockholm has for many years devoted himself 
occupy twice the space of an atom of oxygen. It to the study of the laws of definite proportions, and 
would be exceedingly convenient, did the atfinte of that he lias been led to form a peculiar hypothesis, by 
different bodies occupy the same space When in the way of generalizing the facts which his industry had 
gaseous form ; tor then the atoms would be represented collected. To give a detailed account of his system 
by volumes, and she numbers which express the relative does not fall within the plan of this Work : to treat of 
weights of the former would be identical with the spe- the atomic theory without alluding to the labours of 
cific gravities of the gases. But it has been already Berzelius, would, on the other hand, be inexcusable: 
stated, that nn atom of oxygen occupies one half the a middle course will here be adopted by stating briefly 
bulk of an atom of hydrogen ; and it follows, therefore, the principal opinions of that eminent Chemist, offering 
that the Specific Gravity of the former Gas must be at the same time a few comments upon them, 
twice as great as it would be, clkU;it occupy the same “ Berzelius informs us in the Historical introduction 
apace as the litter. Hence tfoc rule, to his Treutise on tfie %heory of Definite. Proportion * , 

that he commenced his researches on the subject in the 
year 1807 ; and that they originated in the study of 
the Works of Richter. From Richter’s explanation of 
the fact, that when two neutrnf Sails decompose one 
another, the resulting compounds are likewise neutral, 
he perceived that one good analysis of a few Salts 
would furnish the means of calculating the composition 
of all others. He accordingly entered upon an inquiry, 
♦vlach was at first limited in its object; but as he pro- 
ceeded, his views enkriged, and advancing from one , 
step to another, he ut length set about determining the 
laws of comhiYiation iff general. In perusing his 
account of the investigation, we are at a # Ioss whether 
most to admire the number pf exact analyses which he 
performed, the variety of new facts he determined, his 


as 1 : 0.1*25 :: 0.5555 : ,0.0(594, 

in whidi 1 is the atomic weight of* oxygen ; 0.125 the 
atrfmic. weight of hydrogen; 0.5555 half the Specific 
Gravity of oxygen Gas; and 0.0694 the fourth propor- 
tional, the Specific Gravity of hydrogen. 

# ** The atoms of several other substances besides 
hydrogen, occupy in the gaseous state twice the space 
of an atom of axygen ; indeed, as far as is yet (known, 
every simple substance, though naturally solid, is in 
R|is condition, besides the majority . of compound 

* Gases ; arid in all such instances it is cosy to calculate 
the Specific Gravky^of n body, by multiplying its atomic 
weight by 4).E^>&5, ct half the Specific Gravity of oxygen. 
This rule applying only when the weight of the atom 


$$ expressed according to the oxygen scale* If hydro- ncuteness in detecting sources of error, his ingenuity 
gen be represented by unity, then the rule ?s to multiply in'devismg ufew analytical processes, or the persevering 
0.5555 by the atomic weight .of the body, and divide by industry which he displayed in every part of the inquiry, 
6, the frtomki weight of oxygen* * • • But it is at the same time impossible to suppress regret* 

“ It appears at featy eight tcfbe*n easy matter to that instead of forming a complex system oi his uwn* 
voi*, xv. ■ ' • , 4 *. * 
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he did not adopt the simple views of Mri Dalton, 
This he might have done with Very great propriety; 
since the fundamental laws which he discovered, are, 
0 i\t\i -very little exception, either identical with those 
previously pointed out by the British Philosopher, or 
are the direct result of* their operation. 

“ Berzelius assumes with Dalton the existence of 
ultimate indivisible utoms, to the combination of which 
with one another the laws of Chemical proportion arc 
owing. ; * *'• * 

« The first law of Berzelius the following : ‘ One 
atom of one element unites with 1, 2, 3, Sr more atoms 
of auothcr element.* This is the grand law of Mr. 
^Dalton, and requires no comment, further than that it 
has been amply confirmed by the labours of JJerzelius. 
The second is, that ‘ two atoms of one element combine 
with three atoms of another/ These are the two laws 
which regulate the union of simple or elementary 
atoms* 

“ The combination of compound atoms with each 
othev /obeys another law, and is confined within still 
narrower limits. ‘Two compounds which contain thq 
same electronegative body, always combine in such d 
manner that the electronegative element of one is a 
multiple by a whole number of the same element of 
the other/ Thus, for instance, if tvyp oxidized bodies 
unite, jthe oxygen of one is a multiple by a whole num- ’' 
her of the oxygen in the other, ^Various examples 
may be given of this. The hydrate o% potash is com- 
posed of >h 

Potash 48, the oxygen of whicli is 8. 

Water 9, the oxygen of which is 8. 

“ In like manner, if two Acids or two oxides combine 
the same will be observed. 

“ In the earthy minerals which contain several 
oxides, the same law is found to prevail with great uni- 
formity. 

“ The composition of the Salts, likewise, is under its 
influence. Carbonate of potash, for example, Js com- 
posed of 

Carbonic Acid 22, the oxygen of which is 16. 

Potash 48, the oxygen of which is 8. 

And sulphate of potash of „ . * 

i' Sulphuric Acid 40, thd oxygen of which is 24. 

Potash 48, the oxygen of which is 8. 

" Berzelius has remarked that the nitrates, phos- 
phates, and arseniates, may prove exceptions to fche law 
in some instance*. Hhere is also a similar relation in 
Salts which contain water of crystallization, between 
the oxygen "of the base of the Salt and that of the 
water. For instance, crystallized sulphate of soda is 
Composed of 

Sulphuric Acid 40. 

Soda 32, the oxygen of w hich is 8. 

Water 90, the oxygen of which is 80. 

• 

u Double Salts are also influenced by the Rome law. 
fn the tartuite of potash and soda, for example, the 
daymen of the potash is exactly equal to the oxyge n in 
the soda; and the oxygen* in the turtarie Acid, which 
neutralizes the potash, is equal to that of .the soda. 

** But this is not all that Berzelius hWremarkedwith 
respedt tp the constitution of the Salts. He. observes, 
that in ctcfe series of S.alts the same relation always 

" * ‘r j',*.. \ ■, , » * 


exists between the oxygen of the AcM and qf the base 1 ;;l*rtrlt' 
In all the neutral sulphates this ratio is as three to one ; ■ 
as may be seen in the sulphates of soda &nd potasb. 

In the carbonates, the oxygen of the Aeid is double; 
and in the bicarbonate* quadruple the oxygen of the 
base. 

“ The existence of these remarkable laws was dis- 
covered by Berzelius at a very early period of his re* 
searches; and he mentions, that as subsequent obser- 
vation during the course of several years has not 
afforded a single exception to' them, he now regards 
them as universal. H e accordingly places unlimited con- 
fidence in their accuracy, and is in the constant habit of 
calc ulating the composition of bodies on this principle. 

“ It will, of course, be interesting to inquire into 
the cause of these phenomena ; to ascertain if there Is 
any property peculiar to oxygen, or other negative 
electrics, which might give rise to them, Berzelius 
himself says, that ‘ the cause is involved in such deep 
obscurity, that it is irA, possible at the present moment 
tp give a probable guqpssit it^* 1 (says Dr. Turner) have 
the misfortune to dijier entirely from Berzelius on this 
A^uqfrtSom So far from being obscure, >dt is perfectly 
^ihteUigi^ble, and is precisely what might have been an- 
ticipated from the present state Uf CltUjfuical knowledge. 

“Most of tlie Salts called neutm sulphates, are com- 
posed of one proportion or o ncjatpim of sulphuric 
Acid, and one atom 1 of some peroxide. This is the 
ca*e with all the alkaline and earthy sulphates, and 
with several of the Common metals, as lead, zinc, and 
iron. Now an atom of sulphuric Acid is composed of 

Sulphur .. 16 .... 1 atom. 

Oxygen . . 24 . . .3 atoms. 

And every protoxide of 

Metal . . I atom. 

1 . Oxygen . *V 8 . , , . 1 atom. 

“ Hehcfe" number of law* may be deduced, which 
must bold in every sulphate of a protoxide. 

“ 1. The oxygen of the Adtj^ a Multiple of that in 
the base . ^ 

“ 2 l^ie Acid contains three times as much oxygen a* 
the base ; 

“ 3. The sulphur of t^#AcM ip ju*t, double the oxy- 
gen of the base. r v 1 M 

1 4. The Acid itofcdjf is five times as nuictras the oxy- 

. r ii. i 1 " v 


gen 


of the base. 


* 


“ Metallic sulphurets are frequently composed of an 
atom of each element ; ^d Miould oxidation ensue, so 
that the sulphur is converted into sulphuric Acid f and 
the nietnl into a protoxide, they will be in the exact 
proportion for forming a neutral sulphate. Berzelius 
has proved by analysisjtlmt this happens"* frequently, and 
he is jRppObed to convert it into a general law. 

“ Again, the carbonates are composed of one atom of 
Carbonic Acid, and one atom of some protoxide ; but an 
atom of carbonic Acid is composed of 
Cfcrbnn.... 6 
Ox} gen 16 
And every protoxide fcf * 

MeUl r .'v., r . 

, Oxygen. ft 

“ It is inferred, therefore, that in Ml tlietarbonfttei* 
the oxygen of the Acid is exactly double that of the 
base ; and like safne mode of reasoning is applicable 
to the variou* gmetf of Salt*, These fe# vx^htplea 


*1 atom* 

. -Asjfc atom!', , 

• ■ < "1 ■' '1 , i ' 

v>' 

. 1 1 atom/ 1 ' 

•• 1 atom;, 



y.* 


845 


Charmfttry. 


_ to show, that what seemed so ohseurie to 

is rendered quite obvious by the Daltonian 
method. We perceive, moreover, that no constant 
ratio can exist between the quantity of the oxide and 
that of the Acid,, or oxygen of the Acid ; and the reason 
ia, because the atomic weights of the metals are differ- 
ent* But this view of the subject answers another 
Useful purpose ; it enables us to see whether the law of 
Berzelius is oris not universal. The observations made 
on this subject by Dr. Thomson in his First Pri/tcipkut, * 
are so much to the potnt that they are here, given in his 
own words. 

“ • Before concluding these general observations,’ says 
Dr. Thomson, ‘ J muy sav u few words on Berzelius's 
law, that in idl Salts the atoms of oxygen in the Acid 
constitute a multiple by a whoJe number of the atoms 
of oxygen of the base. This law was founded upon 
the first set of exact analyses of neutral Salts which Ber- 
zelius made. Now, as neutral Salts in general are com*» 
binations of an atom of a prAoxide with an atom of 


salts he has examined is ^xceedingly smal]; because hie 
4 object was not to investigate the truth of BerztslWss 
law, but to determine the quantity of water of crystal 
zation Which the Salts contain/ He observes that * it 
would certainly be a most remarkable circumstance if 3 
atoms of any protoxide were incapable of combining 
with 1 atom of any of the 13 Acids in the preceding 
list.' Dr. T. adduces seven instances in which this 
does happen, throe of which are completely in point, 
bein^a#ub^uliAiate of alumina, a subacetateo Head, -and 
a sufeelnt^ of capper: and he is ‘ persuadfd that 
many more J Will be discovered whenever the attention 
of Chemists is particularly turned to the subsets/ He < 
also mentions other kinds of Salts; in regard to which, 
for eqimlly obvious reasons, the law cannot and docs 
not hold. • 

‘ f These extracts will suffice for placing the law of 
Berzelius in its true light; for showing that it is a 
direct consequence of the general operation of the laws 
of definite proportion : and that we must expect to find 


ton ft. 


an Acid, it is obvious the rooms of oxygen in die some exceptions to his law, derived from the very*caUse 
Acid must in all such Smalts be multiples of the atotp of \ which gives rise to it. It is to be hoped that Jlerzeliua 
oxygen in tlje base ; because every whole number will lake the remarks of Dr. Thomson into mature 
multiple of unity. JVe*itt*al Salts, therefore, are qpjttfae consideration, by which be will probably perceive that 
kind of Salts by merits of which^the precision of tllfs ^his favourite canon is not so universal as he imagines, 
supposed law can (w&pitt to the test.’ '' T f, and be led to avoid the errors to which, from an iv>dis- 

•‘Even in ibeflhbsaW, cbmpftsed of one atom oT ' ajmiimte Employment of it, both himself and .hyt pupils 
Acid united to two atoms of, base, it is obvious enough 4 might other wiswe fa* exposed, 
that the law will hold whenever the Acid, combined with 
the base, happeris to contaiti 2 or 4, or any even num- 
ber of atoms, because all even numbers are multiples 
of 2. Now this is the case with the following Acids : 


That pgtfljjpf the law w hich applies to the combined 
water is likewise friore than doubtful. When the base 
contains 2 atoms of* oxygen, and an uneven number of 
atoms of water are present, it cannot be correct. When J 
the base contains 3 atoms of oxygen, the law' would 
not apply whenever there chanced to he 2, 4, B, or JO 
atoms of water. When the base has only I atom of 
oxygen, then it must hold for obvious reasons. When' 
the base bus 1 J atom of oxygen, the law can only be 
true^whcii 3, G, 0, or J 2 atoms of water are in combi- 
nation^ With 1, 2, 4, 5, ?, 8, or 10 it must fail. The 
hydrate of the peroxide of iron is an exception of this 
kind, and similar ones are to he looked tor among the 
crystallized Salts of the peroxide, 

“ An admirable attempt has been made within this 
few years to determine the atomic constitution of mine*, 
rals, in which Berzefujs i|^s highly distinguished him* 
self. The composition of {ninernls must of course* he 
influenced hy the mural laws of combination, though 
tlioie are sometimes obstacles in the way of discovering 
it. In the compounds made artificially, Chemists 
possess the power of having each constituent perfectly 
pure ; but unfortunately we cSnuof always command 
the same condition with respect to natural productions. 
The materials of which a mineral is composedj once 
formed a part of some heterogeneous fluid or semi- 
fluid mass, and in assuming the solid form are very 
dikdy to have enclosed within ‘them some, substance. 


Phosphoric. Nitrous, Antimonio. Citric. 

Carbonic. Titanic. Manganesie. Sat-lactic. 

Borncie. Arseuious. Molyhdous. Chromoua. 

•Sulphurous. Sclenie. Dram tie. 

Consequently the law tnust hqld good ih g{\ combi na- 
tions of 1 atom of these Acids with 2 gtoms of base. 

“ In the rasc^if all fjtatto Aeids which contain only 
J atom of oxvgtli, the subsalts composed of one 
atom of the Acid ttriffred to 2 atoms ol the base, the 
law will also in some, son hold; tor the atoms of the 
o\\gen i« such Acids beingjl, this number will uhvays 
be u submultiple, 'of 2, tjie U timber of atoms of oxygen 
4ii 2 atoms df base. Tilts is the case with the following 
Acids. ' • !■ 

Silicic. oyposulphurmis. 

Phosphorous. t f OflUdc o#* Tellurium 
# “ # It is only in the subsalU of ’’Acids containing an odd 
number of utoms of oxygen, that exceptions to the law 
can exist. It is to them, therefore, that we must have 
recourse wheil we wish to determine whether ttyis em- 
1 piricul law of Berzelius be founded in Nature or not. 

Now, there are 13 acids, the integrant particle, s^of which 

contain mi* odif number of atoms of oxygen. The fol- , - 

lowing Tuhle exhihitsthe names of theerift Acids, together vv ldch. Chemically ^considered, does not Iprm a part of # 
tUth the number of- atoms of* oxygen in each. tnineral. The result ot Chemical analysis, accord- 

ingly, does not always* give us a view of the actuul 


i number of > 

Sulphuric Acid;i. *3 
Ai^eilic Aiid . *' 

Chromic Acid .... 3 
Molybdic Acid .... 3 
Tungsde Acid .M, r ; . 3 
Oxalic Acid . 3 
Formic Acid 3 

'** Dr, Thomfion tofowns ns tlfat the number of sub* 


oxy^j 

Acetic Acid 3 

t Aiccinic Acid .... 3 
BeUzoic Acid .... 3 

Nitric Acid b 

Tartu nc Acid .... 5 
Hypos ul ph uric Acid 2 £ 


constitution of a mineral species; some substances are 
oiten detected which are* foreign to it, and the Clrtimist 
must exercise his jiidgment in determining what is and 
what is not essential* Now nothing is so well cal- 
culated* to direct him as a knowledge of the laws of 
combination : but as a great discretionary power is in 
Ills hands, it is important that bis mode of investigation 
shduld be* the simplest possible* and that his rules 
• 4 v 2 • 
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Chemistry, should be founded on well-established principles, which 
W v — »✓ iniMve nothing hypothetical. It is but very lately that 
' due care has been bestowed in selecting sufficiently pure 
specimens for examination, or in performing the analyses 
themselves with the precision necessary for determining 
tins Chemical constitution of minerals. It were much 
tp be wished that our first essays in this difficult field 
should he confined as much as possible to such minerals 
as contain but few substances, and whicll occur in dis- 
tinct transparent crystals. 

M We are indebted to Berzelius fdr this mode of 
r studying the composition of minerals ; add fcertainly if 

• t skill in analytical investigation could encourage any one 
c to muke the attempt, none could undertake it with 

( greater chance of success than the indefatigable Pro- 
fessor s>f Stockholm. Unfortunately his theoretical 
views are unnecessarily complex, and I much doubt, 
for reasons already stated, if his ruling law about mul- 
tiples of oxygen deserves the confidence he bestows * 
upon it. It will not, 1 am convinced, be adopted by 
' the (Chemists and Mineralogists of this Country, and I 

am much mistaken if, notwithstanding the great repu- 
tation of its author, it stand its ground long upon the * 
Continent. To give a particular description of his 
1 method is foreign to our purpose, bul the reader will 
find m able account of it in the lXtb volume of the 
« Anna/s of Philosophy, New Series, by Mr. Children/’ 
(/*) 

(119.) The early Chemical writers were accustomed 
to represent all the elementary bodies by certain sym- 
bols, arbitrarily adopted, and by combinations of these 

* they also expressed the compound substances. Should 
curiosity lead any oue to examine this matter, we refer 
him to Bergmuu s Work on Elective Attractions, 

Professor Berzelius has adopted a method in some 
respectB similar, but in a greatly improved form, more 
suited to (he present state of our Science. His funda- 
mental symbols are formed by adopting the initial or 
leading letters which commence the Latin name or each 
substance; and by the help of figures and “ points, 
placed like indices over these symbols, he represents 
the atomic constitution and the degree of oxidation of 
each substance. It was our original intention to have 
given a statement of hi* method, but we fear that want 
of space may prevent us from so, doing. We, therefore, 
fot the present must refer our readers to his Essai sur la 
Tht'orte des Proportions Chimiques , Paris, 1819, or to 
Mr. Children s analysis above quoted ; hut should we 
J find sufficient space, the symbols themselves shall be 

given in a Tabular form at the end of this Treatise. 

(120.) It only' now* remains, before we proceed to 
the. Chemical properties of bodies, that we should pre- 
sent a diagram of the method according to which each 
element, whether ultimate or proximate, will be con- 
sidered. 

A. History' of discovery, and natural state. . c 

* B. How obtained pure; its constitution if a com- 
c pound. 

C. Physical properties. 

• D. Mutual action with oxygen. 

, K* Mutuaf action with chlorine. 

L Mutual action with fluorine. 

< CL Mutual action with iodine. 

/ Mutual action with the nonmetallic -electro-posi- 
tive elements. 

L Mutua l jetton with the inetallic electro-positive 
element*/ < ' r #.\ * . * 


r . V 5 » , » . , r ' -i 

K. Mutual action with ' 

L. Mutual action with reageuts, or diftmetive pro- 
perties. , . ' ' ' , ’■ / 

M. Uses in Medicine and the Alt*. 

It will he obvious that, by a constant use of theabove 
letters, simplicity of reference will be obtained, and re- 
petitions or confusion will be avoided * 

Bromine is not inserted in the above scheme, 2h ton- 
sequence of the little that .is at present known of Us 
mutual action with other bodies. 

References from (41.) to (120.) inclusive, 

(a.) Faraday, Journal of Science , vol. iii. p. 354 ; 
and vol. vii. 100. «(/>.) Annates de Chimie et de 
Physique , vol. Xvi. p. 129. (c.) Professor Thomson, 

An. Phil, vol. xvi. ( d .) Gay Lussac, An. PhiL vol. ix, 
p. 10. (e.) Meinecke, Jour, of Science, vol. iii. p. 415, 

( f.) Berzelius and Drtong, Ah n ales de Chimie et de 
Physique , vol. xv. pJ 360. (g.) Thomson on True 

Atomic Weights, p. p2. (A.) Thomson, Annals , vol, 

v». p. 241. (i.) Henry,' Chemistry , vnj, i. p. 144, 

edit. JO, Lavoisier, Elhmem, ( k .) Kirpan on the Com- 
position of Acids in his Essay on Phlogiston . Berthol- 
iet, Chim. StaL Davy, Elements / toavy *PhiL Trans. 
1810. Murray, Edih. PhiL Tram, vnL viii. (1.) Tur- 
ner, Elements of Chemistry, p. 9S. (m.) An. Phil. 

N. vol. i. p. 3h0. (n.) Turner, Efepients of Che- 

mistry, p. 148. 
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Non-MdaUic ( Electronegative P) Elements. 

Of the five substances that come under the above (> XVH . 3 . 
denomination, the t\yo*first, oxygen ami chlorine, when 
quite pure, are seen only in the gaseous forbi at all 
temperatures with whieh^ we ate .acquainted ; though 
under strong pressure, the latter iVa liquid. Fluorine 
has not as yet been exhibited in An independent form, 
while iodme and bromine are solid, liquid, or gaseous, 
according to the temperature at which we examine their 
properties. * ( 

S' 1 - -bi'ygen. 

(121.) A. Oxygen Gas mgy be said to have been 
first discovered by S>r. Priestley, “for on the 1st of Au- 
gust, 1774, he obtained it by exposing the red oxide* of 
mercury to the heat produced by condensing the ray* 
of solar light, in the focus of a lens. 'I^hus separated 
tie examined its properties, and named it dephlogis- 
tieuted air. In the year following, Seheele, without 
being aware of Priestley’s discovery, obtained it by 
other methods; and by Lavoisier, who undertook a 
further examination of its pto|K?rties its present native 
of oxygen was proposed. ; 

Although the word Oxygen t stands at the head of 
this section, we are unable to sj&ak of oxygen in it* 
simple state. It has typver yet been seen other than in 
the gaseous form, whep It is supposed to Chtt|ist of the . 
true base, oxygen, united with calorie. When in com- 
bination it frequently loses that farmjfcncl than become* 
a constituent part of solid or liquid substance*. It is, 
wall to bear i^ ipipd distinction between oxygen 
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Chemistry. and oxygen Ga$» though the terms tire frequently made 
tm of indiscriminately ; this would not, however* be 
s 'the cftee were caloric a ponderable body, for now we 
may say, that oxide of zinc consists of 435 paHs (by 
weight) of metal united with 100 parts of oxygen* or 
of oxygen Gas indifferently. 

Oxygen exists in its gaseous state as a constituent 
part of the atmosphere : forming that portion which is 
essential to animal life and to combustion. Of almost 
every form and kind of matter which surrounds us it 
forms an ingredient its compounds are more nume- 
rous and diversified than those of ntiy other substance 

# with which we are acquainted. It produces most 

powerful effects in ^changing the properties of other 
simple bodies with which it combines. Thus when 
United to azote in one proportion it formfe the genial 
air we breathe. Mild and salutary as ar^ the properties 
of this Well-known substance, yet if the proportions of 
the combining bodies be changed we have a powerful 
liquid Acid — the nitric* capable of dissolving metals 
and acting as an escharotic op living animal bodies. 
It forms a part of every earth w\ tread upon, augl of 
every vegetable we see around 3s ; and when com- 
bined with artbther gaseous body, hydrogen, it forms 
water : an important and essentia] form of food $6 ail 
the (initnal and vegetable creation. t 

(122.) B. There are several methods by which 
oxygen Gas may be obtained ( for experimental pur- 
poses. * 

1. Priestley's mode already described, (rr.) 

2. Scheclc obtained it by the distillation of nitre. 
This method is still at times resorted to, but such oxy- 
gen is not very pure. A pound of nitre thus distilled 
in an earthen retort, at a red heat, will yieUl about 
1200 cubic inches of Gas. ( b .) 

3. Scheele also obtained it from a mixture of black 
oxide of manganese and sulphuric Acid. In this pro- 
cess 4 parts of manganese may h# mixed with 3 parts 
of sulphuric Acid, in a glass retort, and the Gas may 
be disengaged by Jhe heat of an Argaiid's lamp. 

4. Lavoisier, who Ijftd been informed by Priestley of 
his own researches, expelled the oxygen from red oxide 

• of mercury by heating it in a retort ; and described his 
process to the lioyul Academy in J755. 

5. The hernideutoxide # of lead, minium, or red lead 
jai commerce, gives on? pure oxygen Gus by (lie appli- 

• "cation of heat and is converted into the protoxide. 

6. Oxygen Gas is, however, obtained most plentifully 
for experimental purposes, by placing any quantity of 
the corrwion black oxide of manganese in an iron 

• relorfror bottle having a tube passing from it into a 

# gasometer; this •retort is placed in a fire, so as to 
receive a modo/ate red heat, when the oxygen Gas is 
expelled in considerable quantity, 

7. But should the Gas be required of great purity it 
is usual to. pirt n small quantity of the chlorate n£ 
potash into a glass retort, and to apply cautiously a 
ye|y moderate lamp or smidbeat. The Salt first fuses 

• * and then gradually parts with a considerable quantity 

of very pure* oxygen* Gqs. In this case the oxygen is 
disengaged fixyi the chloric Acid, which consists of that 
substance and chlorine ; and also from the potash, which 
consists of qxygen and potassium ; so that dry chloride 
of potassium is the fcole residuum found in the retort. 

, Some core is necessary in this proeess, 4 e 9 pccial!y if a 

• • tjnkeri glass retort be employed : as tlfe alktdine matter 

combines with the glasf and th^fbotfcora of the retort 


#tr t* * ' ; m 

give® way. For thi# reason it in to emr* HH ft, 

ploy a sand-bath in Which tberetort may be safely ahpn S 0 * y * m * 
ported, ' 

(123.) C. Oxygen Gas thus obtained has the follow* 
ittg physical properties. It j» without colour. It fob* 
lows the general laws applying to all gaseous matter 
with regard to pressure and temperature. (7& and 
It is heavier than common air, its Specific Gravity re* 
ferred to that* substance being 1.1111, As 100 cubic 
inches of dry atmospheric air, thermometer 60° Fah- 
renheit*^ barometer 30 inches, weigh 30.5 troy gfains 
accordipg to Sir G. Shuckburgh, if the above Specific 
Gravity be correct, (and it rests upon the reasoning of * 
the accurate Dr, Prout, confirmed by the experiments* 
of Professor Thomson,) the same volume of oxygen, 
iiitdem posiiis , will weigh 33.888 grains. It has neither 
smell nor taste. By a sudden and violent condensation 
oxygen Gas emits both light and lieaL All Gases thus 
» evolve heat upon condensation, but, according to M. 

Saissy, oxygen, chlorine, and common air are the only 
Gases that emit light under these circumstances. » Of 
these oxygen emits the most, then chlorine, and, lustly. 
air. Of all (jhscs, oxygen has the least refractive power 
upon light. If the refractive power of air be 1, that of 
oxygen is 0.8616. Oxygen is more strongly eleetronegn- 
ti\c than any other body at present known. When dis- 
engaged from' all other substances in Nature by Voltaic 
eleelncity, it and its compounds invariably go to the 
positive pole of the pile. 

When oxygen Gas is left in contact with water the 
quantity of Gas absorbed is scarcely perceptible ; but 
I)r. Henry found that 10U cubic inches of water, which * 
hud been freed from all air by boiling and the air-pump, 
would absorb 3.55 inches of Gas. (r.) Saussnre esti- 
mated that 100 cubic inches would absorb 6 55 cubic 
inches of Gas, (d.) but Dalton considers the former 
estimate much more uccurate. (e.) 

(1240 E. See chlorine, sect. 2. reference D. 

(12$-) F. See fluorine, sect. 3. ref. D. 

(126.) 4 G. See iodine, sect. 4. ref. D. 

(127.) H. Oxygen unites with all the substances 
fulling under this division; it forms compounds of very 
varied* properties. With hydrogen it forms water, 
chap. iii. sect. 2. subsect. 1. With azote it forms atmo- 
spheiic air and some strong Acids, chap iii. sect. 8. 
subs, is 2,3,4, and 5. tWith sulphur it forms Acid* 
chap. iii. sect. 6, subs. 1, 2, 3. and t. With selenum it 
forms a gaseous oxide, chap. iii. sect. 7. subs, l. With 
phosphorus it forms acids, chap. iii. sect. 5. subs. 1 and 
2. Willi carbon it forms an oxide and an Acid, chap, 
iii. sect. 3. subs. I and 2. With bfiron it forms an 
Acid, eli. iii. sect. 4. subs. 1, And with silicon it forms 
a compound which on the whole may be considered as 
having acid properties, chap. iii. sect. 1. subs. 1. * 

(128.) 1, With the metals oxygen invariably unites. 

# Ti* some cases in one propoition only; in others in 
two or more proportions. Sometimes it is held by a 
strong affinity, sometimes the affinity is of the feeblest 
possible kind. From some -of these unions with the metals 
we obtain Alkalis ; from others Earths ; and from others 
Acids. These properties will be considered in each 
individual case under the medals, respectively, but as 
general views on this subject are of fundamental im- 
portance,, we offer, the following general summary by M 
Then&rd* 

The phenomena which oxvgfen Gas presents when 
in contact with mptals are of. fetich importance ah to 
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Cliwnistry." deftmndotir utmost attention. W« ought to examine 
* 1 0 * ^ 0 **,, tt |[ jhps^ causes- which may conduce to their production, 
tmd register the effects respectively produced by them. 
These causes, independent of affinity, arise principally 
From the hygrometric state of the oxygen Gas, and from 
temperature. 

« 4 * Dry oxygen Gas at ordinary temperatures is absorbed 
by potassium ; and hence we might be led to conclude 
that it would be also absorbed * by hmriuin, lithium; 
strontium, calcium, und by the metals of the first sec- 
. tion; f, (/. c. tho*e of our chap. iv. class 1.) but at the 
same temperature it is not absorbed by sodium, nor by 
’ f any of the metals belonging to the last four sections. 

' fl, A certain elevation of temperature favours this uution 
r prodigiously; so that in Jiict by this mean it may he 
made to act upon all the metals, with the exception of 
those of the last section, (class 6.) A considerable 
number of them absorb oxygen when the temperature 
is sufficiently elevated, with the evolution of light; viz. 
all the metals of the second class; zinc, iron, tin, and 
cadrtiium, in the third; arsenic, antimony, tellurium, 
bismuth, in the fourth. Tin, antimony, and bismuth 
being those whose combustion h most, feeble. It may 
f seem, perhaps, extraordinary to find tellurium burning 

with the evolution of light, while manganese, which lias 
much greater affinity for oxygen than it has, does nut 
J possess that property. The reason, however, is shy ply 

this, that tellurium, being both fusible and volatile, forms, 
dafu frnipore , a much greater quantity of oxide than 
manganese which is fixed arid almost infusible. In 
(act, in order that any substance may burn with flame 
' it must not only have a great affinity for oxygen but 
it must also cuter into fusion readily, or be volatile, 
or rather, perhaps, if the oxide which it forms is rea- 
dily fusible or volatile: without this, the contact be- 
tween t^ie substance burning and the substance 
burned, not being intimate, the combustion cannot be 
vivid. 

“ The combi nation of metals with oxygen Gas may 
almost always be elfected by filling a small retort or bent 
tube with the Ga* f over mercury, and after having intro- 
duced a certain quantity of the metal by means of a bent 
wire, applying the heat of* a spirit-lamp and agitating 
the metal with the wire if necessary, It is only when 
tin- heat required is very considerable indeed, that a 
4 porcelain tube is employed. This tube containing the 

metal may pass through a small furnace, and may com- 
municate by means of small glass tubes, at one extre- 
mity with an empty bladder, and at the other extre- 
mity with a bladder full of oxygen. After the furnace 
is lighted and the porielam tube has become white hot, 
the oxygen Gas is to be passed slowly backward and 
forward from one bladder to the other several times. 
The absorption will be entire if there be sufficient metal 
in the tube. 

Action of 44 Oxygen Gas wheh in a humid state attacks not :mly 
moist °>.y* the metals of the two first classes; but even many of 
those belonging to the third, the fourth, and even the 
fifth class. With regard io the former, oxidation takes 
‘ place at once at the expense of the free oxygen, and 

alswt of the oxygen of the water, which is decomposed 
and its hydrogen liberated. Wiih regard to the lat- 
ter, the, metal receives only the free oxygen ; and in 
th& case We suppose the aqueous vapop’r to. possess a 
twofold action ; on the one hand it may partly become 
liquid and /HHd in Solution a portion of the oxygen* 
thus WdMl*? foi# oitygen, when deprived qf its Has- 
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ticity, more capable of combfhing with the metal ; on JM 1 &: 
the other hand, it may still further promote the combi* ' 
nation by its own tendency tp unite, with the metallic 
oxide bnd form an hydrate. Be this as it may, the 
oxidation so produced is generally only superficial* 
and is always very slow in its progress: the interior 
parts of the metal are always protected by the exterior 
film, or at least a considerable time must elapse before 
they undergo any considerable alteration. The metals 
which most readily oxidize in this manner are arsenic* 
manganese, iron, zinc, lead, copper, Ac. ; those of the 
Mxth class being unalterable, 

“ When the oxygen, whether it be dry or moist* is Atom- f 
mixed with azote, its action upqn the metals is the spheric air. 
same as if the jttzote were not present, <*xcept that pos- 
sibly that action may be less intense; for the azote acts 
only mec hanically by diminishing the points of contact 
in a given space between the oxygen Gas and the 
metals. But since atmospheric air is composed of 
about four-fifths azotf and one-fifth oxygen, with a 
little aqueous vapour/uud a little carbonic Acid Gas, it 
ought to act upon /» metals in the same manner as 
oxygen does, but with some difference of intensity. 

This is in fact what happens: when dry, it only attacks 
at ordinary temperatures the metals of the first two 
Hasses, and even is without action upon sodium: when 
moist, if* nets not only upon all these, but also upon 
many metals of the third, fourth, and fifth classes. 

Whether dry or moist, it acts upon all by the aid of 
heal : those of the last class alone excepted. The 
result of this action is an oxide, or an hydrate. But if 
the process take place in the open air, the product is 
frequently a carbonate, especially at common temper- 
atures: thus it is that the air, being perpetually re- 
newed, is continually yielding small quantities of car- 
bonic Acid to the oxide, whenever these two bodies 
have sufficient affinity to enter into union. Thus brass 
slat ucs become gradually covered with carbonate of 
copper ; and in leaden reservoirs, there is formed im- 
mediately above the surface of jhe yatet, not oxide of 
lead, but carbonutc of load.** , 1 

“ No carbonate can, however# be formed if the tem 
perature be considerably elevated, except those of 
barium, potassium, sodium, und probably lithium; 
because all the carbonates decompose at that temper* 
ature except those of barytes, potash, soda, and appa- 
rently of litliia. ( f ) 

(1 29.) K. Though it does not immediately appear 
that any actions of the kind to which this reference % 

applies can he described, yet we are of opinhm that, 
with a due consideration of the mutual agenciea-of all 
bodies, it would require only ordinary-ingenuity tp dis- 
cover a series of effects which might be ranged under 
this head : especially if we subscribe to Berzelius's 
views of the constitution of mineral bodies* and extend 
them to all substances in Nature. * 

(130.) h. Oxygen Gas is distinguished from all 
other bodies by the folloWijig properties. Jt is pot 
inflammable ; is not absorbed by a solution of caustic 
potassa ; it is capable of resto^ing^to full Combustion a 
match which has been partially extinguished ; it com- 
bines by the electric tfpark with twice its volume of 
hydrogen, forming water and leaving no gaseous re- 
siduum. ‘ 1 

(131.) M. C^tygen Gas is essential to the animal eop* " * * 
nomy : ancf tdthotfgh, from its powerful excitative effects, 
it cannot be long tespfred alone with impunity, yet when 
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with four times its volume of aaot« it forms pany Combustion "be evplatfted »* a eoUBequence oftb* ; 

j'iL t-.« _i_ j 'sHNi,.. '/ > * '' '■•■ 


the adapted to our organs of respiration, 

tjfe.ibeair w^j breathe* If the oxygen be in les^ pro- 

r rtion, the air is tiot salubrious* and if totally absent, 
wilt not support life ior a moment When pure 
oxygen <3a» i» respired, the evil effects of an accelerated 
circulation arise: the lungs become inflamed and the 
whole system enters upon a state of fevered excitement, 

Attempts have been made to exhibit oxygen in some 
$a6e$ of disease, but as yet these have been attended 
With but slender success. It is not to be understood 
that oxygen is the only Gas that can be breathed ; but it 
is the only one that can be permanently breathed with- 
out derangement of* some sort or other arising in the 
system. A singular instance of its action has been re- 
lated. Three men who were employed in clearing out 
the vault of a cabinet d'aisance at Paris were sulfbeated 
by the sulphuretted hydrogen, which always exists abun- 
dantly in such places. W hen taken out, they were con- 
veyed to the Hotel Dieu: two dilid on the way thither; 
the third arrived there alive, butavithont any power to 
move his limbs. Jn the haste t| contrive something 
that should be administered to him, a bladder full of 
oxygen presented itself, and he was made to breathe it ; 
the man immediately sat up, hut again fell down and 
expired. It lias been supposed that he might have been 
restored to life, if a small quantity of chlorine Gas, 
mixed with a considerable quantity of atmospheric air, 
had been similarly administered to him. 

Combustion. 

Combine (132.) It might not, perhaps, be quite satisfactory 
tion. were v\o entirely to omit all consideration of Combus- 

tion , and yet we feel that little real knowledge is to be 
gained by any detailed views of the numerous explana- 
tions thar have Len proposed on this subject. In the 
first place, the word itself is ruthcr vague in its appli- 
cations by different writers. Originally, Combustion 
was synonymous •with, what in common language is 
culled the burning of any thing. The Chemist was 
justly called upon to explain, in. the terms ot Science, 

• the conditions, the operations, and the result of that 
process. Subsequently, however, the explanations which 
were thus given led to n jgreat extension of the applica- 
tions of the dogmas advanced ; and the term Oombus- 
* tion was made use of in casos where burning in its 
ordinary sense could not be suid to exist. If hv Com- 
bustion we infill thermion of oxygen with certain 
bodies, "attended by the production fff light and heat, it 
• Is fltte thing : and in this case mere oxidution is ex* 

• eluded. Rut if*we apply the term to any Chemical 
change betweea the elements of Matter, wherein light 
/md heat are evolved, it is quite another thing, and 
there is no essential necessity for the presence of oxygen. 

We are of opinion that the introduction of confusion i» 
tdl that is obtained by continuing to employ the word in 
any other than a popular^erisc. 

Still it may be necessary, for the information of some, 
to state that 'the first Scientific explanation of Combus- 
tion was givey by Stahl, who conceived that there ex- 
isted in all combustible bodies a certain elementary 
principle which be called phlogiston, and that the (133.) A. It is now the prtw ailing opinion that Chlo- Chtonm* 
process of Combustion depended upon the evolution of Hue is a* simple .elementary body, and as such it will 
illia principle. Thus a body that had Hjeeii burned or here 'be considered. The origin of this opinion must, J 

' * # Widated^eteiineddwhlogisticated^bpP^bf?^ 10 have with reference to our scjieme oF description, form the 

9 it^ plilogaston, Tht heat aijtl light which accorn- early History- of thiy substance, and may be briefly stated 


rapidity with which that principle was evolved, Tfeuti 
in truth, substituting a description of what took place/ 
viz. the heat and the light, in place of the word Com** 
bustiou ; and affording no real explanation of the pro- 
cess. •’ • 

The researches of Lavoisier overturned the theory 
of Stahl, and ^introduced another explanation of Com- 
bustion, resting fur more securely upon an experimen- 
tal basis. Oxygen had recently become known to 
Chemists, and Lavoisier showed that a dephlngisdcated 
substance had in fact gained something, instead of 
having parted with something, as Stahl’ hud asserted. 
He proved that those substances which were capable* 
of Combustion, were to be considered as the more 
elementary of the two classes: that in the process of 
burning they gained weight; and that this gain of 
weight was due to their having taken a quantity of 
oxygen into combination, which they might, by certain 
processes, be compelled again to evolve. It. only re- 
mained that he should, like Stahl, attempt to sayVliy 
Combustion was attended with heat and liglp. Or, 
R lack’s doctrines of latent heat and specific caloric 
seemed to afford a plausible explanation of this circum- 
stance. Lavoisier, therefore, asserted, that in some 
cases the heat and light were due to the change of 
Physical state of the combining bodies* as for instance, 
‘that when phosphorus was burned in oxygen Gas, the 
effect was due to the great condensation experienced by 
the latter, in passing from the gaseous to (he solid 
form. In other cases it, was urged that the specific heat 
of the compound being less than that of the simples, 
such an evolution must take place. It has, however, 
been found, that those principles are insufficient to 
serve for a general explanation of the phenomena of 
Combustion. All that we now dare to assert is, that 
great heat, and sometimes light also, is evolved where 
no oxygen is present: and that intense Chemical action 
is all that can be supposed to be essentially present in 
all cases. The experiments of Dulong and Petit have 
proved that the specific caloric of combining and com- 
bined bodies will not afford the explanation thence an- 
ticipated l>v Lavoisier, (u.) And ns Chemical action or 
affinity is all that we can recognise in the process, it. has 
been supposed that the heat and light are due to (he 
union of opposite electricities : a supposition that cift) 
satisfy those only who, with Davy ami Berzelius, believe 
Chemical affinity to arise only from the opposite elec- 
trical states of the molecule* of matter. Consult, also. 
Sir H. Dav y’s Memoirs on Flame and* Combustion, (A.) 

References in Oxygen. • 

( a .) Priestley on Air, vol. ii. p. 154. (b.) Scheelb on 
Air and Fire, p. 43. (c.) PfuL Trans. 1803, p. 174. 

( d.y An. Phil . O.S. vol. vi. p. ‘340. («\) An. Phil. 

O. S. vol. vii. p. 218. (f.J Thennrd* Sy$L vol. i, p. 273, 
(g.) Dulong and Petit, An. de Ch. et Ph . vol. x. (A.) 
Davy, PA//. Trifns. 1817: 

§ 2. Chlorine . * • 
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' jCh<rtm»try. am folkjWB. Muriatic, or marine Acid, as it was first instant of their disengagement from combination, •* , 

called* Was known to Chemists. Scheele first ob- union may be effected. . ? < ^ 

tained Chlorine from it iri 1774, and called the new sub- Io this manner four or five Combinations With oxygen 
stance dephlogisticated marine Acid, consonant to his may be obtained. See subsects, I, 2 f 3, 4, and 5. 

,, own doctrines respecting phlogiston. The French f 137*) F. Unknown 

Chemists changed this name to that of oxygenized t^8.) G. Chlorine unites with iodine, forming the 

muriatic Acid, and this was again altered by contracting chloriodic Acid. See sect. 4. subject. 2 Of this Chapin 
it to oxyniuriatic Acid. # (139,) H. Chlorine unites with hydrogen, carbon, 

Chlorine has not been discovered in an uncombined phosphorus, sulphur, selenion, and nitrogen. ‘ The com* 
form in Nature : it exists, however, in great abundance pound with hydrogen is muriatic Acid, or as Jt Is more 
. as a Constituent of muriatic Acid, which again is ncu- properly termed, hydro-chloric Acid. SeesubseCt. 6. 

# trali/cd by various alkaline substances. Thus, as With carbon, Chlorine forms three combinations; 

• f muriate of soda, it exists in the waters of the ocean : the sub-chloride of carbon, the proto-chloride of carbon. 

# f and is also found in the solid form (common salt) in and the henddeuto-chloride of carbon, Called the per- 

f large deposits in various parts of the Earth. chloride, by Mr. Faraday, who discovered it. These 

(134.) B. Chlorine Gas is most readily obtained by compounds will be described in the section on carbon, 
putting two parts of strong muriatic Acid mixed with Two chlorides of phosphorus exist, which will be de- 
ft one part of the common black oxide of manganese into a scribed in sect. 5. So also for the chloride of sulphur, 

glass retort and applying a gentle heat. The Gas is see sect. 6. For its union with selenion, see seel. 7. 
evolved in considerable quantity, and should be re- And for the chloride ojmitrogen, (azotane.) see sect. 8. 

' ‘ eeivtd in inverted bottles over the pneumatic trough. (140) I. The muys have in general a strong affinity 

The winter with which (he trough is filled should be for Chlorine ; and it urould seem th^t both true chlorides 
quite warm, and the bottles when tilled should all be and chlorides of tlieir oxides exist. In fact, every 
closed with glass-stoppers, to which a little lard has metal seems to be capable of uniting with Chlorine, 

f been applied. Want of space will, for the most part, and sometimes in more than one proportion. All these 

prevent us from tracing the progress of most of the de- compounds are solid, with (he exception of the deuto- 

• compositions which the processes recommended in c this chlorides of tin and arsenic, which are liquid and vola- 
Treatisc may present : but such considerations uro of tile. Many of the chlorides are crystalline powders, 
first-rate importance to the Chemist, and as an example Generally speaking, the metallic chlorides are not de- 
we shall here note the rationale of the above decompo- composed by heat, but those ufgnld and platinum a^e so. 
sition. Black oxide of manganese consists of one atom The chlorides of the first two classes of metals are in- 
of metal + two atoms of oxygen. Muriatic Acid of one fusible below a red heat, and are not volatile. But 
atom of Chlorine 4- one atom of hydrogen. In the those of the other metals are much more fusible, and 
mutual reaction of these substances, an atom of the frequently very volatile. All are soluble in water, 
oxide is decomposed, so that it is reduced to a lower excepting the chloride of silver and the proto-chloride 
state of pxidution ; the atom of oxygen that is set free of mercury: they for the most part absorb moisture 
unites with the atom of hydrogen from the muriatic with avidity. It appears, however, that in most ca es 
Acid so as to form water: the remaining atom of Chlo- their union with water is not a case of mere solution, 
rine is set free j the newly formed protoxide of manga- but that a portion of the water is decomposed, so that 
nese unites with an uualtered atom of muriatic Acid, its hydrogen unites with the Chlorine to form hydro- 
and a proto-muriate of manganese remains in the chloric Acid, while the oxygen goes to the metal, so as 

• retort. l to produce u metallic oxide which, uniting with the 

For the purposes of the manuiacturer a cheaper pro- hydro-chloric acid, produces a Salt. These phenomena 
cess is employed. Three parts of common salt are arc not, however, obvious in their progress, but it is 
well mixed with one part of the black oxide of manga- very generally supposed tluft, ki dissolving a metallic 

• • dese, and then put into a retort. To this a mixture of chloride, a solution of a hydro-chlorate is produced . 

four parts of diluted sulphuric Acid (containing 3-5ths and conversely, that Irn drying a hydro-chlorate suf- 
acid ami 2-5lhs water) is added, and a moderate heat ficiendy a metallic chloride is the result, 
applied as before. These generalisations, however, are not free from 

(135.) C. Chlorine Gas has a yellowish green colour, some exceptions, and some doubts which we Imye not 
from whence its numb is derived. (^X/c/jov.) It is vio- space here to examine. * 

lently irritative both to the nostrils and to the fauces, (1 41.) K. It is obvious that, strictly speaking, Chlo- 
aud highly disagreeable and injurious if even in small rine has no action that can be referred to this division 
quantity it reaches the lungs. By violent condens- of our scheme. 

ation it evolves both light and heat. Under a pressure (142.) L. The distinguishing properties of Chlorine 
of four atmospheres it forms a bright yellow liquid, *are, that it has a greenish yellow colour : that it isunal- 
■ # which doeg not freeze at zero, Fahrenheit. Its Specific tered by exposure to heat; that it immediately combines 

Gravity is 2.5. (Thomson.) Cold water freed from witli mercury at ordinary temperature^; that it destroys • 
common air by boiling will absorb arid retain twice its vegetable colours. When present liquid, a white 

* volume of yds Gas. When Chlorine Gas saturated with curdy precipitate is produced by nitrate of silver ; which 
tvtmaiure is exposed to a. cold of 32° Fahrenheit, yellow precipitate is insoluble in nitric Acid/bui soluble in 
crystals are formed, containing, according to Mr. ammonia. A solution of the white of egg (albtnnm) 
Faraday, a definite proportion of one atom of Chlorine produces a white fioculent precipitate composed of 

sterns of water. • / . fc flexible and el^i^c fibres, which are insoluble iu wuter 

P* Chlorine and oxygen when mixed together and alcohol/ ** f l , , * ^ 

nb rdMttial action ; but if either of the elements ha (143.) M, The fir^t and most important use Chin* 
present ln A nascent state, by which is meant, at the rine ip the Arts in Bleaching, which will form a por 
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v tIon df Aa application* %t Chemistry to the Arts, This 
Gas is also Ac most powerful corrective or destroyer of 
noxious miasmata. For this purpose it has Jong been 
employed in luzarettos and hospitals. It forms the 
powerful ingredient in Labaracq’s disinfecting liquor; 
where it is combined with lime or soda. This last pre- 
paration has only recently been introduced into this 
Country, under the name above mentioned : and we 
think that, in cases of infectious disease, even in private 
families, its use cannot be too strongly recommended. 

• # 

Subsect. 1 . — Protoxide of Chlorine . 


than chlorine or its protoxide, living an aromatic fwfl* 
odour without any smell ofaMofUta* It does not 
Hue with mercury, but is absorbed by water in consider- 
able quantity. It does not combine with alkalis, but^it 
destroys vegetable blue colours Without previously red- . 
dening them, in which respect itt differs from the prot- 
oxide. Phosphorus introduced into it produces decojn- 
position and undergoes combustion. By the experi- 
ments of D&vy and Gay Lussue, it appears that 40 
volumes of the Gas become 60 after explosion ; and are 
then found to consist of 40 volumes of oxygen sand 20 
of chlorine. ’ 


(144.) All the combinations between chlorine and 
oxygen are held together by a very feeble affinity, and 
are* therefore, # readily dccomposjtJ. Four are at present 
known, though from inadvertency tWo only are put 
down in our synoptic view. (4.) The atomic constitu- 
tion of these, together with the circumstance just ad- 
verted to, would lead us to supjmse that some interme- 
diate combination may lie found V *xist whensoever our 
means may be found sufficiently radicate for their detec- 
tion. Indeed a fifth oxide is described by Count Von 
Sladion, 

Protoxide of chlorine was discovered by Sir H, 
Davy in 1811, and was named by him Etichlorine. 
It is most readily obtained by placing two parts of the 
chlorate of potassa, one part of muriatic Acid, and one 
w pf water, in a small retort, and thou applying a Very 
gentle heat. The Gas evolved should be collected over 
mercury. A portion of chlorine is produced, but this 
unites with the mercury, .while the protoxide of chlorine 
is collected pure. 

The colour of this Gas is u yellowish green, but more 
vivid than that of chlorine. It has a smelt something 
like that of burned sugar. Water will absorb eight or 
ten times its volume of this Gas. Euchlorme does not 
unite with alkalis. Like chlorine it discharges vegeta- 
ble colours, but with less energy than the latter sub- 
stance. It is so # highly explosive, thut the heat of the 
hand is sufficient to .produce a separation between its 
constituents. Phosphorus, also, immersed in it, produces 
explosion and undergoes combustion. When exploded 
with hydrogen by the electric spark, water ami muriatic 
Acid uie the lesults. Euchloriue consists of two vo- 
a lames of chlorine and # one of oxygen. Its atomic con- 
stitution and Specific Gravity yill be seen in the gene- 
ral Tables, (a.) 

• Subject. 2~TrUoxide of ^Chlorine. 

• 9 

(145.) The trhoxidc of chlorine was discovered and 
lft described by J'ount Von Stadiou in Gilbert’s Annalen . 
.(*•> Some doubt, however, yet remains about this sub- 
stance. 

• • a 

Subsect, 3. — Tetartoxidc of Chlorine . ( Peroxide of 
• t ) 

(146.) The tMariocei.de of chlorine was discovered by 
Sir H. Davy m 1815, and also by Von Stadion about 
the same period. About 50 or 60 grains of the chlmate 
of potassa is reduced to fine powder, and formed into 
u paste with strong sulphuric Acid. This paste is to be 

C into a glass retort, and then to be submitted to the 
t of a water bath, not reaching sa High* as 212° of 
temperature, The Gas ^evolved is of a higher colour 
tol. iv. # * * 


Subsect, 4. — Chloric Acid. (Pemptoxide of Chlorine.} ' * 

(147.) Chloric Acid was first recognised as .such in * 
the chlorates, and pointed out by Mr. Phcnevix. ’Its 
more careful examination was undertaken by M. Vau- 
qqelin (<£) ami by M. Gay Lussac. (e\) 

Vauqueliu’s process for obtaining it is as follows. To 
a solution of pure chlorate of baryta add, by degrees, t 

diluted sulphuric Acid as long ns any precipitation takes 
plhce. Thus the chloric Acid remains pure, combined 
with water only : care must of course be taken to add 
no more sulphuric Acid than is just sufficient to effect * 
the separation of the baryta. The true point has been 
obtained when neither sulphuric Acid nor chlorate of . 

> baTyta will produce a precipitate when added to sepa- 
rate portions ol the Liquid. 

The solution of chloric Acid thus obtained is colour- 
less, having mi acid or astringent taste. It reddens # 

litmus : is volatilized by heat, hut undergoes some de- , 
composition m the process. It does not produce any 
precipitate from nitrates of silvei, mercury, or lead. 

When chloric Acid and hydrochloric Acid are mixed 
logetlter in just proportion, a complete decomposition is 
effected, chlorine and water resulting. It Is decom- 
posed by sulphuretted hydrogen or by sulphurous Acid, 
but none of the Acids which ure saturated with oxygen 
have any action upon chloric Acid. It is also decom- 
posed by all the metals which are capable of decom- 
posing water, and chlorides of then* oxides aie pro- 
duced. The constitution of chloric Acid is most gene- 
rally supposed to be one atom chlorine + fi*e atoms 
oxygen. (/) 

Subsec t. 5. — Perchloric Acid . (Htptoxide of Chlorine .) 

(1 18.) In obtaining the tetartoxidc of chlorine by the 
piocess already given, (146.) a peculiar Salt was de- 
tected in the residuary matter J>y Count Von Stadion. 

It is found in octahedral crystal-- mixed with bisulphutc 
of potash. These crystals arc soluble in hot water, and 
also in 55 times their weight nt water, at 60° Fahren- 
heit, It is insoluble in alcohol. By mixing this Suit 
wit(| an equal quantity of sulphuric Acid, and distilling 
it at a temperature of 280 ' Fahrenheit, the suit is 
decomposed, and an Acid which has btvn called the • 
perchloric may he distilled over, (g.) 

Subsect. 6. — Uydro-chbric Acid. (Mur iatic Acid.) 

(149.) A. Professor Thomson is of opinion that hy Hydro-talo* 
drorchloric Acid was known to the alchemists, and stales ric Acid, 
that it isrtientibued in the writings of Basil Valentine. y 
Glauber, he says, seems to have contrived the present 
mode of obtaining it by dUtilhtion from sulphuric 
' 4q 
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Ctomittry. Acid and common suit, Mr. Cavendish first described 
S pp v «»i/ the mode of obtaining it in the Gwsfeou* form. In 1766. 

r?) 4 «tfoy more fully described its properties, (t.) 
^Tie experiments of Gay Lussac and Thenard (ft.) 
tended to prove that muriatic Acid Gas is a compound 
^ of chlorine and hydrogen: and the further researches 
and reasoning of l)avy went far towards establishing 
tie same opinion, which is in fact now almost univer- 
sally admitted. (/.) 

Muriatic Acid exists, as has been already stated, 
(133.$ in great abundance in the earth and in sea 
> * water, combined with alkaline bases : but in the state 

of a free Acid f it does not seem to exist at all, unless, 

9 * rpossibl), it may be evolved among the Gaseous products 

of active volcanos. 

r ( 1 5Q-) B. Hydro-chloric Acid, as it is commonly 

known and made use of, is a Liquid, consisting of the 
pure Acid Gas combined with water. This Gas is most 
readily obtained by putting chloride of sodium, (com- 
mon Salt,) well dried, into a tubulated retort, and then 
f adding to it strong sulphuric Acid. By applying the 

heat of a sand-bath, muriatic Acid Gas is evolved in 
considerable quantity. If this operation be conducted 
over mercury the Gas is obtained in great, purity, but 
c not without a considerable degree of hygrometric water. 

If, however, the beak of the retort be made to terminate 
t in a receiver containing water the Gas is absorbed, and 
a strong liquid solution of the Acid is obtained. But in 
purposely preparing the liquid muriatic Arid, it is 'most 
convenient to employ a series of two or three Woulfe’s 
bottles, having a small quuntity of water in each, so that 
whatever (las may escape from solution in the first 
bottle, can only pass on ami be taken up by the Liquid 
in the second ur third. The proportions recommended 
for this process are as follows : dried chloride of sodium 
eight parts ; strong sulphuric Acid seven parts ; water 
placed in* the WouHe’s bottles five or six parts. The 
proportions recommended by the College of Physicians 
is two pounds troy of dry chloride of sodium ; 20 
ounces troy of strong sulphuric Acid mixed with half a 
pint of water. A pint of water is to he put into the 
receiver to absorb tbe Gas. For a very clear view of 
the rationale of this process for obtaining muriatic Acid, 
see Mr. Phillip’s excellent and scientific translation of 
the Pharmacopoeia. 

^Hydro-chloric Acid Gas may also be formed bv the 
4 direct synthesis of its constituents. Thus, if equal 

volumes of chlorine and hydrogen Gases be mixed 
together in a bottle, and kept from the influence of 
light, no change is produced ; but by applying a lighted 
taper, or passing an electric spark through the mixture, 
or even by exposing it to the light of the sun, combina- 
tion is instantly effected. Mr. Braude found that the 
intense light from charcoal points, ignited by the Vol- 
taic. pile, were capable of producing the same effect : 
O w.) and Seebeck states that, among different colours, # 

. the blue rays of the spectrum are more effectual than 
t those which are red. (//.) 

Hydro-chloric Acid Gas, for experiment, may also be 
obtained by heating a little strong muriatic Acid in a 
retort over a spirit-lamp. TJiis Gas, when quite dry, 
consists of one atom chlorine 4- one atom hydrogen, or 
i 0? of the former Hh one of the latter by weight. 

, (151) C. In the Gaseous state, hydro-chloric Acid bus 
the following Physical properties. Its smell ami taste 
x lire pungent, and it is quite unfit for respi- 

ration, ’ , ^t i »:/jhwwief thap common air; the best esti- 
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mate of it# Specific Gravity bdtg L2848fifi. (Thomson.) -IM#; 
By heat alone it undergoes *jo change. Under i/jasi' 
sure of 40 atmospheres, and at a temperature of W° 
Fahrenheit,, it becomes a Liquid* It instantly 
gulshes flame, .* 

(152.) 1), When oxygen and hydro-chloric Add Gases 
are mixed together, aud either pasaed through a red-hot 
porcelain tube Or submitted to the electric spark, the 
chlorine is set free, and the oxygen unites with the 
hydrogen to form water. Dr. Henry states, that a 
similar decomposition +is effected by inserting spongy 
platinum iu the mixture at a temperature of 250° 
Fahrenheit. 

(153 ) E* No effect is to be expected under this head. 

(154.) F, Unknown. a 

(155.) G. Iodine ip ^lightly soluble in liquid hydrate 
of muriatic Acid; but with any action between the two 
substances in the Gaseous state we are not acquainted* 

(156.) H. Muriatic Acid 1ms no action on silicon, or 
its oxide silica. Neither has it upon hydrogen. Carbon 
is not soluble in it, bjk (joniinmi charcoal will condense 
in Us , pores an enormous quantity of hydro-chloric Acid 
gas. * Wc urc not aware of any action between boron 
and this Acid. The same may be’ said of phosphorus, 
sulphur, selenion, and nitrogen. 

Muriatic Acid possesses a very strong affinity for 
water : insomuch that it is extremely difficult to obtain 
it quite free from that substance. When a lump of ice 
is admitted to a jar of muriatic Acid Gas confined over 
mercury, the ice liquefies as rapidly as if it had been 
placed iu a tire. According., to Dr Thomson, one 
cubic inch of water, temperature 0 9° Fuhreu.ieit, will 
absorb 418 cubic inches of muriatic Acid Gas, pro- 
ducing an Acid the Specific Gravity of which is 1.1958. 

A useful Table has been given by Thomson, showing the 
quantity of real Acid in solutions of different Specific 
Gravities : it is calculated on the principle that, iu form- 
ing a solution of marble, in this Acid, every 50 giains 
dissolved indicate 37 grains of real Acid. See Fart V, 

Table II. 

(157.) I. As muriatic Acid is ipcrtpable of affording 
oxygen, it does not act, energetically upon the metals: 
but by its determining power of affinity it induces many 
of the inetals to decompose water when present, and 
thus to obtain oxygen. Sucl^ is the case with iron or 
zinc, when hydrogen is evolved. When potassium, tin# 
or zinc is heated iu hydrochloric Acid Gas over mercury, 
the Gas undergoes decomposition, a metullic chloride 
is formed, and hydrogen is set frije. 0 

(158.) K. With other Acids the hydro-chloric "cannot 
be said to act us a base, though some mutual actions 
take (dace on their admixture : these ftre generally in- 
stances of decomposition dependent principally upon 
either the affinities of oxygen and hydrogen for each , 
oilier, or upon that of chlorine for the radical pf the 
other Acid employed. Thus it is decomposed by the 
nitric, chloric, iodic, chromic, and niolyhdic, so that it 
cannot exist with these in the same solution. i 

Hydro-chloric Acid exerts a strong affinity toward# 
metallic oxides, and decomposes^ of iy of their combina- 
tions with other Acids, The muriates, or fys we should 
more strictly cdl them, the hydro-chlorates, form 4" 
numerous and important class of Salts, which we shall 1 
have frequently to mention. All the true hydro-chm- 
rates arc .neutraL^and alt contain water ; for when, % 
great heat, this Liquid is driven off, they pass to the 
state of chlorides, ddl #re decomposed by the sulphuric 
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’•V^' «n w MttC ‘ Wjwj heat the muriate* are decomposed ourselves from absolute eeiHtate, by eayfhg that 

Oy •* phoaOlmhe, arsenic, ahd boraclc Add* when adopt the opinions of Sir Hi iMfj, by i>*. ' ,■ ’ 

;ittttri«-pM«eBt. Toe nitric Acid bos the same pro- Thomson, and perhaps byBcnseliua alsO. On the whole* 

POrty in projiortion to its strength. it seems to us the more plausible Of the two generally u . 1 

(15#.) I*. Ihe hydro-chtoric Acid is recognised in a proposed. It may be well just briefly to State that tho 
solution' by Its property of producing a white curdy one of these suppositions is. that Fluorine is a higljly 
precipitate with nitrate of silver, a test of very great electronegative body, (analogous to chlorine,) and 
delicacy. The precipitate thus produced is the chloride that by its union with Hydrogen Fluoric Acid is fonned, 

<«f silver, Which should be well washed, dried, and fused which should, therefore, be called hydro-fluoric Acid, 
in a glass vessel. In-Shis state it contains one atom ot On the other supposition Fluorine is n base, (antilogous. 

. chlorine -f- <>n« atom of silver, or 86 parts of the former to boron,) and that Fluoric Acid arises from the ttition 
4- 110 of the latter by weight, indicating 37 parts by of this base with oxygen. . 

weight of dry muriatic Acid. (163 .) a. Fluorine is so far from existing at all fret * 

(160.) M. *In the Arts hydro-chloric Acid is fre- in any part of the kingdom of Nature, that it has never 
fluently employed us a solvents and, in Medicine it is yet been exhibited alone and nncombined by the utmost ‘ 
given as a tonic. Dr. Prout made the singular discovery efforts of Chemical ingenuity. Fluoric Acid had lota? 


given as a tonic. Dr. Prout made the singular discovery 
of its existence among the fluids of the stomach, some- 
times in considerable quantity, in which case it seems to 


been suspected to be a compound of some unknown 
base with oxygen : but in 1810, M. Ampere was led by 


indicate a diseased fiction of tha*«organ : and the mode of the analogy of chlorine to view it in the light of ,a com- 
1 its production there appears extntordinary, since he could pound of that base with hydrogen. This he communi- 
detect its presence in the MoniucJa of rabbits wh%b had rated to Sir H. Davy, who published in 1818 and 1814 
been fed on substances not apparently containing that two very valuable papers in support of that* opinion: 
Add or its chief elementary constituent, chlorine, (o.) To these papers we are indebted for the little that we 


Jo these papers we are indebted lor the little that we 
(161.) We have adverted only slightly to the contro- know concerning the base of Fluoric Acid, 
versy that has existed between Chemists of first-rate (164.) B. Sir H. Davy did not obtain Fluorine in a 
excellence respecting the nature oPchlorine and muriatic separate state, but the lollowing were the modes bv 
Acid. Ihe one party having regarded chlorine as the which he attempted to do so j together with the eviw 
simple elementary body, and muriatic Acid a compound deuce which he obtained in favour of Ampere’s and his 
formed by the addition of hydrogen: the other party hav- own opinion. Potassium was added to FluoricAcid, a 
ing supposed muriatic Acid Gas the simple bod), or at violent degree of action ensued, hydrogen Gas was 
least that it consisted df an unknown radical united to evolved, and a solid white residuum was obtained, 
oxygen ; and that chlorine, or as it was by them Now, if it were certain that Fluoric Acid contained no 


least that it consisted df an unknown radical united to evolved, and a solid white residuum was obtained, 
oxygen ; and that chlorine, or as it was by them Now, if it were certain that Fluoric Acid contained no 
termed, oxymuriutic Acid Gas, was a "ompound of water, we must infer that the Fluoric Acid underwent 


oxygen with muriatic Acid Gas, The former, which is decomposition by the escape of its hydiogen, and that 
now the prevailing opinion, we have followed ; but there the white mass was a Fluoride of potassium. To ascer- 
is much in the controversial writings on this point that tain whether the strong liquid Fluoric Acid (Specific 
we strongly recommend to the attention of the Chemical Gravity 1.UG09) contained water, Davy enclosed some 
reader, produced as they have been by the most dis- in a platinum capsule within dry ammouiacal Gas, until 
tinguished Chemists ol the Age. For this purpose con- it becume saturated with that alkali. Thus dry Fluate 
suit reference, (p.) * of ammonia was obtained. According to the belief of 

P * t & 2 J)av >' Thomson, when any Acid that contains 

eeiences o$ . water is combined in this manner with ammoniacal Gas, 

((7.) Davy, Phil. Trans. 1811. ( b ,) Von Stadion, ^ we * ,rat tJle & alt formed, water is always disengaged. 

JThiwis An. O.S. vol.*ix.*p. 22. from Gilbert’s Annalen , Thus sulphuric, or nitric, or phosphoric Acid, when satu- * 
vnl. iii. p. 197. (c.) Davy, Phil. Trans. 1815, PartJI. rated with ammoniacal Gas and heated, give out always 

( d ). Vauquelin, An . de Ch. v5l. xcv. p. 102. (r.) Gay abundance of water.” (Thomson.) Fluate of ammonia 

Lussac, An. de Ch. vol. xci. p. 111. ( f.) Ibid . (ir.) thus treated gave out no water. («.) Upon this ground 

Von S pul ion, fit suprA. Gay Linear, An. de Ch. vol. n s(I ^n»ed that Fluoric Acid contained no water, 
lx* # (h ) Phil* Trans, vol. Ivi. p. 157. (/.) Priestley, The analogy with muriatic Acid seems plausible also 

On Airs , vol. ik p. 276. (k.) Mem. d* A renal , vol, ii. B y heating potassium with mfiriatt* of ammonia, the 

p. $07, 320, 322. (/.) Phil. Trans. 1809. (m.) Su,t and its Acid are both decomposed.. Chloride of 


Lussac, An. de Ch. vol. xci. p. 111. (/!) Ibid, (***.) 
Von S pul ion, fit suprft. Gay Linear, An. de Ch. vol. 

. (h.) Phil. Trans, vol. Ivi. p. 157, (/.) Priestley, 

On Airs , vol. ik p. 276. (A:.) Mem. d* A renal, vol, ii. 

p. 307, 320, 322. (/.) Phil. Trans. 1809. (m.) 

Brand*, Phil.TTrans. 1820. (71.) Secbeck, Nich. Jour. 

• toh xxxiv. p. 220. (0.) Prout, Phil. Trans. 1824, p, 

«■ (P) Memoirs by Dr. Murray and J. Davy, Nich. 

Jnur Hi- U Tihil r P - loio * 


potussium is formed, and the hydrogen and ammonia 
both escape, in the proportion of one volume df the 
former to two of the latter. So also if Fluate of ammo* 


Jour, vol* xxxiv. Sir H. Davy, Phil Trans. 1818, *p. he heated with potassium, h mixture of hydrogen 
169. Tram. R. 8. Edit}, voi, viii. An. Phil O. S. vol. anc * ammonia escapes containing precisely the same 
xn, p. 379. and vol. xiii. pp. 26, 285. Phillip, An. proportions as in the former case, and a* solid white * 


$ 3. — Fluorine. 


.fluorine. 


PmL N. 8. v<d. i. p. 27. residuum is fob ml and’ by analogy inferred to be the 

• fluoride of potassium. (6.) 

• * 5 3. — Fluorine. Again, by Exposing Fluoric Acid to ^he GaWanic 

, pile * hydrogen was evolved at the negative wire, and the 

Un2.) In assigning to Fluorine its present situation in opposite wire, which was of platinum, w'as coated with 
our system* we acknowledge that we are acting upon sup- a chocolate-culoured powder, (c.) When muriatic Acid 
poattion, and not upon fact. We are aware that in so h similarly acted upon, hydrogen is given out at the 
1 . ** n<1 opiniom 01 sortie very distiiiH n«Mtive‘ wire, and a chloride is formed round the 
vbenuitta opphsed ^ to 4e 4mt after all, in a extremity of the positive wire, * Keasoning* nphn ihta 


positive wir 
4 q2 
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XHwmttry. analogy* the chocolate powder, would seem to be m 
' FluOTlde Of plfttittOm. 

, When Fluate of silver or fluate of mercury is exposed 
^0 the action of chlorine, and heated in a glass vessel, 
to metallic chloride is formed, the glass is corroded, and 
a quantity of Gas evolved, which is found to consist of 
ogygen and silicated Fluoric Acid Gas. In this case it is 
supposed “ that the Fluorine is disengaged, that it im- 
mediately acts upon the silica hi the glass, disengaging 
its oxy&en and forming silicated Fluoric Acid, which may 
be considered as a compound of Fluorine and silicon.” 
* (Thomson.) 

. Such are the views of the able Chemist whose name 

< has just occurred, in illustration of Davy’s hypothesis. 
They seem to have much weight : but it may be fair to 
add that their accuracy has been questioned by other 
-writers on this subject. 

The attempts made by Davy to obtain fluorine sepa- 
rately, by repeating the last-mentioned experiment in 
silver or platinum vessels instead of glass, were always 
rendered unsuccessful by the Fluorine entering into 
combination with those metals respectively. 

(165. f C. D, E. G. None, or unknown. 

(166.) H, Of the substances under this head, the 
€ compounds of hydrogen, boron, and silicon, with Fluo- 
rine, are all that have yet been examined. These, as 
« they form peculiar Acids, will form three subsections, .to 
be noticed shortly. 

(167.) I. We have already seen that Fluorine unites 
energetically with potassium, and also with platinum 
and silver ; and may consider it probable that it will do 
so with every other metal Those who entirely adopt 
Davy’s views of Fluorine, will consider Fluor spar (or 
Fluate of lime, as it must be on the opposite creed) as 
a true Fluoride of calcium. Suppose a piece of this well- 
known and beautiful mineral to be acted upon by sul- 
phuric Acid, which with the aid of heat is capable of 
effecting its decomposition. The water also of the sul- 
phuric Acid is decomposed, its hydrogen unites with the 
fluorine to form hydro-fluoric Acid, which is one pro- 
duct, and its oxygen unites with the calcium to form 
4 the base of sulphate of lime, the other product. 

(168.) K. L. M. Unknown. 

. Subsect. 1 . — Hydro-fluoric Acid. 

* Hydro- (169.) A. Hydro-fluoric Acid has been long known 
fluonc Acid- by the mime of fluoric Acid. The following is Thom- 
son’s summary of its history. 

** Fluor spar, a well known mineral, is mentioned by 
Agrioola under the name of floor as a flux for metallic 
ores, (e.) 1 1$ property of corroding glass when mixed 

with sulphuric Acid was known at Nuremberg as early 
as 1670. The first attempt to ascertain the composition 
of this mineral was made by Mnrgraaf. His experi- 
ments were published in* the Memoirs of the Berlin 
* Academy for 1768, but he informs us that they hud 
•been made in 1674. He reduced the mineral to 
powder, mixed it with its own weight of sulphuric Acid, 
, and distilled it in a retort. He obtained a white, 
ft&lint sublim.ite, and remarked with surprise that the 
retort was corroded into holes in several places. (/) 
* In the year 1771 Scheele published a set of experiments 
on fluor spar, in the Memoirs of the Academy of $ti- 
mm of Stockholm. He showed that the mineral was a 
compound of tyme and of a peculiar Acid, to which he 
gave the name of fldork Acid. He determined the 


properties of this Add, % :*a 

every 'Other previously known, (jr;) Br. PHwiBey fbohfl 
that the Acids when obtained hy Schecie's procesfi. io^ , 

Gas possessed of peculiar properties, whlch he invOSti- 
gated and described, (A ) *. " 

“It was shown by Weiglib (L) and Bncfoola, {#) 
and still more completely by Meyer, (L) that the fluoric 
Acid of Scheele contained silica as a constituent ; and 
Dr. John Davy ascertained the proportion of fluoric 
Acid and of silica that exist in the Acid bf Scheele, and 
demonstrated that it is ti peculiar compound of fluoric 
Acid and silica, in which the constituents always exist in 
the same proportions, (m ) Gay Lussac and Thenard/ 
in 1811, published a method of preparing pure fluoric 
Acid, and were the first to determine its froperties."(rt.) 

Four filiates exist in Nature ; the one already mentioned, 
fluate of cerium, double fluate of cerium and yttria, and 
the double fluate of soda and alumina, cryolite. 

(170.) B. The method of Gay Ltissnc and Thenard 
is generally adopted.; A retort and receiver of lead 
are made to fit well father. Into the retort put a 
quantity of pure fluorspar in fine powder, together with 
twice its weight of sulphuric Acid. Lute the apparatus, 
ami apply a gentle heat to the retort ; at the sume time 
surrounding the receiver with a freezing mixture of 
snow and salt. The fluoric Acid is condensed in the 
receiver in the liquid form. 

(171.) C. “At 32° Fahrenheit it is a colourless Liquid, 
like water. It does not congeal though cooled down to 
— 4° Fahrenheit, und it remains a Liquid at 60° Fahren- 
heit. Its boiling point has not been determined, but it 
is low. When exposed to the air, it smokes violently, 
giving out a smell similar to that of muriatic Acid, but 
much stronger. It is very speedily dissipated in open 
vessels, and can only be preserved in metallic ones. 

The best arc those formed of pure silver, and they must 
have a silver stupper which should be air-tight/’ 
(Thomson.) 

This Acid* as obtained by Davy at its utmost conccn 
tratiou, was of Specific Gravity 1.06^9. In this state 
he considered it quite free from wafer. If a drop of the 
Acid be let fall into water it combines with a hissing 
noise, like that which would be produced by red-hot 
iron ; but when a few drops of water are poured into 
fluoric Acid ebullition is produced. 

Fluoric Acid acts powerfully upon the animal system, 
the least drop acting as an eseharotic, and producing a 
sore which is healed with difficulty. The fumes of it 
are repelled by the lungs with viulcuee, and arc dele- 
terious that scarcefy the smallest portion can entet 
those organs with impunity. 

(172.) D. The actiou ol hydro-fluoric Acid upon the 
metals has been already noticed (I63.) r in connection 
with what we conceive to be the decomposition of this 
Acid to obtain fluorine. Its union with potussium and 
sodium, us examined by Thenard and *uay # Lussac t is 
extremely violent, great heat, with effervescence, and 
the evolution of hydrogen, all resulting. Thenard states, 
also, that they tried three other metals, zinc, iron, and 
manganese. All three decompose the hydro-fluoric 
Acid with the evolution of heat mid hfdro^en Gas. 

M. Thenard considers it scarcely probable that any 
other metals, except those of his first two sections, ana 
perhaps tin and cadmium, would producc any Sction 
upon this Acid. • have already stated ertrr belief thdt 
fluorine will uhite with^ every metal; but this is/tfdt op- 
posed to M* Thenarfl’s opinion, b^cause it does not thebe* 
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Cbrntoty. foflm* that every metal wftl decompose the hydro-fluoric 
>i Acid for the purpose of uniting with its base, without 
same other detet mining agency; such, for instance, is 
Voltaic electricity. 

(173.) E, Thenard states that the non-metalhc com- 
bustibles, both simple and compound, have no action 
upon hydro-fluoric Acid. 

174. ) E. and F, none. 

175. ) G. none, or unknown. 

(176.) I. none, or unknown. 

(177 ) K* With regard to the compounds formed by 
hydro-fluoric Acid with salifiable bases, we shall abridge 
the following general notice fiom Thenard’* system. 

The hydro iluate of ammonia is obtained by adding 
a dilute holutjpn of aminoma to hydro-fluouc Acid, 
until the alkali be slightly in excess, and then evapo- 
rating by a gentle heat 

Of the metallic hydro-fluates there ore twenty-one 
single ones already described, besides some double 
ones Of thest twenty-one, fifteen belong to the first 
three sections, and the six other > aie those of cobalt, 
coppet, silver, Uud, and meicury 

All these hydro-fluates ure fusible by he it, provided 
they do not undergo decomposition. None of these 
Suits, if perfectly dry, could be decomposed by fire , but 
if humid, it is possible that many of them might un- 
dergo partiul or total decomposition, because water has 
a strong afh nit yh i hydro-fluoric Acid, and consequently 
in disengaging itself it might cither wholly or in part 
carry oft the Acid along with it This elltit i* never 
produced upon the neutral liydio-fluatc s of the second 
section, nor on those of magnesia, silvu, /me, and 
iron , but it does hike place with those of lead, colmlt, 
and coppei, and they become reduced Ic *he state of 
snbhydro fluutes. 

With regard to the action of the simple combustibles 
upon the hydro fluutes, much might be said, winch 
entirely depends upon the theoretic d view taken ot the 
elemenUiy body we me now describing The relation 
existing between boron* and this base has already been 
noticed , and it seuns probable that combinations with 
other substances of this class may vet be discovered. 

* (17B) Water diHsolvts none of the metallic hydro- 

fluates at present known when in the neutral state , 

. except those of potash* Midi, and silver. Rut ull aie 
.soluble m an excess of Acid 

(179 ) The salifiable bases seem to unite with hydro- 
fluoric Acid through the medium ot water in this order- 
lime, barytes, strontian* potash, soda, ammonia, mag- 
nesia, At. * 

• ) “ The ^oracic Acid is the only one which is 

• capable of decomposing the h)dio-fluatespcr ac, without 
the aid of water If a mixture of two parts ot floor 
frpat and one part of boiacic Acid lie heated nearly to 
redness in a bent gun bairel, we obtain a residuum of 
hydro-fhiate*of Wine and bout fluoric (fluo-boric) Ai ut 
Gas Ofl the^other hand, theie are manv Acids capable 
. of decomposing the hydro-fluates through the medium 
of water; such are Jhe sulphuuc, the phosphoric, the 
arsenic When a concentrated solution of these Acids 
is heated with % hydro-fluate in a leaden or silver vesstl, 
tbeje results a fixed sulphate, phosphate, or arsenmte ; 
aprd a compound of hydro-fluoric Acid and water, winch 
is disengaged with effervescence, and disperses white 
* pwigcnt vapours through the atmosphere t Sulphuric 
Acid cm even decompose many of these "Salts at our 
ordinary atmospheric temperature? Many also tyre de- 


’ > > ^ 1 ■ y ' 1 1 1 < ’ - '* '•( i 

i 'Sir it T # 

/ 1 4 

composed by the nitric pydriodtft, ami ftfajJfc 

especially by the ftydro-sttlphuric ; but In tfo tm by 
the sulphurous, nitmus, or cariwmic Aei4« * 

(181.) Silica. has, hke wttW* property of facltW 
tatmg the decomposition of the fiydro-fitiales. For 
example, if pure fluor spar be calcined with acid phos- 
phate of lime in an iron tube, the vitreous Acid phos- 
phate of lime does not decompose the fluor at the 
highest temperature. But if pure dry silica or wifld be 
added, the decomposition takes place at a low red heat $ 
and phosphate ot lime, with a gieat quantity of lihco* 
fluoru Acid Gas, are the results. From this experiment 
Thenard infers, that most of the hydro*fluatex of t|je 
last four sections, which are not decomposable by char* 
coal at any temperature when dry, might easily be 
decomposed by that body if a quuntity of siltdb were 
added to the mixture Oi even it is probable that thin* 
might be t fleeted by silicd alone ; for on the one hand* 
it would temd to unite with the metallic oxide, and on 
the other hand, with the h)dro-fluon< Acid, and, in- 
deed, it is not impossible that many fluutes of the 4 hrst 
two sections may be similarly affected, especially at 
\cr> elevated temperatures 

(1P2) It a solution of h^drofliuite of ammonia, 
potash, oi r oda, be added to a solution of a ^alt of 
bntyles, stroutian, lime, magnesia, alumina, zinc, iron, 
leaj, mercury, &t the insoluble hydio fluutes of these 
4 bases nu precipitated , at least if the solution be 
nearly neutial Rut the soluble salts of glycma, 
vttrio, and /iruuna piestut some singularities In fact, 
by adding a solution of hydro fluatt of potash slightly 
acid to a solution ot the hydio chlorate of each ot these 
salts, all being slightly acid, we obtain on the one hand 
a piecipitsite of the neutral insoluble hydro fluates, 

\nd on the other, the soluble hydro-chlorate of potash 
sensibly alkaline (o ) , 

(1S3 ) L On this point we have little to add to that 
information which may be collected from the last 
article The presence of hydio-fluonc Acid m a com- 
pound is usually recognised by decomposing that com- 
pound with sulphuric Acid, and allowing the escaping 
Gas to corrode glass, Ber/ehus has given modes for 
ret ognismg it in mineral bodits m his l\s it de l 1 Employ 
duChalttmeau, p L59. 

(184) M The only use to which the hydio-flnoru 
Aud has been applied is in the etching upon glasl 
This process is not difficult, and is sometimes ve*y 
useful Coat the glass with a tlnn hut uniform layer 
of bees* wax, then write oi scrape o(T the parts that are 
to be etched with some sharp uisti undent, so as to leave 
the surface of the glass cpnte exposed Then mix 
some well pounded fluor spar with sulphuric Acid m a 
leaden or pi uiiiuin crucibh , and expose it to a moderate 
lamp heat The hydio fluoric Acid Gas will escape in 
white fumes, mid cat into the exposed surface ot the 
gla«^ The wax may then be removed by heat and an 
mdehble writing or etching is found ixptn tip? glass. • 

2. — Sil ico+ flrumte Acid 

(185 ) By this teim we mean the sihcated fluoric Gas Sihto- 
of Scheele, fluo-sihcic Acul of Thomson, and fluaft vl fhwie^nd, 
silica of Thenard. It may be said that, as we adopt • 
Davy’s and Thomson's opinions on the natuu oi this 
Acid, we* ought t& adopt Thomson's name for it We 
by no means claim the right of introducing new names, 
a prote^s ever replete with confusion , hut tf the com- 
pound of hydrogen'wiih fluorine be called hjdio-fluone 
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tfhcjwwry. Acid, so bIsq should the compounds of silicon and 
'***Sf**~ / boron, being also Acids, be called sflico-fluoric and boro* 
fluoric Acids. Witness also hydro-chloric Acid, hydrip- 
C$ acid, hydro- sulphurous Acid, &c. 

(186,) A. We now return to the acid compound of 
silicon and fluorine mentioned Art. { 1 63.) a Gaseous body 
■w^ich does not exist liaturally in its simple form. It 
Was discovered by Scheele, (p.) Priestley examined it 
further; ( q .) and Dr. John Davy published a paper on 
. it in 1812. (r.) 

(187.) B. To obtain this Gas. let equal quantities of 
r fiuor spar and glass, both inline powder, be just formed 

into a paste with sulphuric Acid. This paste is to be 

* exposed to a moderate lamp-heat in a small retort, 
which in this case may be of glass. The silico-fluoric 
Acid Gas will he evolved in considerable quantity, and 
may be collected over the mercurial trough, 

Silico-fluoric Acid consists of 
1 proportion silicon. . 1.00 \ 

I proportion fluorine 2.25 V 'Thomson 

3.25 i 

(188.y C. This Gas is colourless, lias a smell 
much like that of muriatic Acid, has an acid taste, and 
f reddens vegetable blues. It produces white fumes on 
mixing with atmospheric air. It docs not support 

* combustion, nor must any quantity, however small, . be 
suffered to enter the lungs. Its Specific Gravity, ac- 
cording to Dr. Davy, is 3.5735, or 3,61 11 according to 
Thomson, Water absorbs this Gas in great quantity, 
but at the same time the Gas suffers decomposition, and 

, part of the silica is deposited. Heat alone is not 
capable of decomposing this Gas. 

(189.) D, E, F, G. Unknown. 

(190.) II. No substance from this class of bodies 
will decompose silico-fluoric Acid even with the aid of 
heat. * 

(191.) I. The metals of the last four sections have 
no action on this Acid at any temperature. But if 
potassium or sodium be placed in this Gas, and then 
heated, a violent action takes place, the Gas is absorbed, 
all metallic appearance is lost, and a chocolate-brown 
substance remains. When this substance is put into 
water there is a slight effervescence, hydrogen escapes, 
and hydro-fl nates of silica and of potash or soda are 
• fo med 

(192.) K. Silico-fluoric Acid Gas unites with twice 
its volume of Gaseous ammonia, and forms a Salt which 
i,s volatile below a red heat, and from which water can 
separate some part of its silica; but if placed in con- 
tact with liquid anfmoi^a, the whole of the silica sepa- 


thut boron united, with fluorinfetp form it po^rerfuilj/ ' jtyrii.li, 
acid (W (*.) ■ '.'// 

(196.) B. The process for obtaining this Gas, recom* 
mended by Dr. J. Davy, is to mix fused boracic Acid in 
fine powder one part ; floor spar in powder two parts ; 
and sulphuric Acid twelve parts. This compound is to bo 
ge utl y heated over a lamp,and the Gas collected over mer* 
cury; or by exposing mixture of boracic c Acid and floor 
spur in fine powder to a red heat in a gun-barrel. (<>) , 

(197.) C. Boro-fluoric Acid Gas thus obtained is 
colourless, has the smell of hydco-chloric Acid, reddens 
vegetable blues, and has an acid taste. Dr. Davy states* 
that water will absorb 700 times its volume of this Gas ; 
it then becomes a highly Acid Liquid, capable of forming 
«n ether when dir tilled with alcohol. It^has no action 
upon glass; instantly carbonizes animal* and vegetable 
substances ; is not decomposed by a red heat. 

(198.) D. When this Gas is mixed with oxygen no 
decomposition is produced ; but it seizes with avidity 
any moisture that may, be present, and thus forms white 
fumes of vapour. TfAe same takes place, with all otbef 
gases. * 

(199.) E. As with oxygen. 

(200.) F. Unexamined. 

(201.) G. Unexamined. 

(202.) II. No simple composition has any action on 
this Gas. 

(203.) I. Among the metals, those of the third, fourth, 
filth and sixth classes will not decompose boro-fluoric 
Acid Gas. Its decomposition has, however, been effected 
by potassium and sodium. These metals, when heated 
in the Gas, burn almost as in oxygen ; boron and fluoride 
of potassium or sodium result from that decomposition. 

When water is added, an alkaline hydro-fluate is founed 
in solution, and boron remains. 

(204.) K, The combination of this Gas with ammonia 
is the only Salt of this Acid that has been examined. 

Of the boro fluatc of ammonia there exist three varie- 
ties ; the first a solid opake Salt ; the second und third 
both are Liquids, though they cqntaiibuo water: by ex- 
posure to the air they part with ammonia, ami pass into 
the first variety. (/.) 

(205 ) L. The only application of this substance 
which has been suggested, is as a reagent, to detect 
moisture in other Gases, whi/;h it readily does, by the 
white fume formed when even only a very small portion 
of aqueous vapour is present. 

(206.) Iff. None. 

* i. 
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§ 4 , — Iodine . 

■ , , 

Iodine* (SOT.) A. The discovery of Iodine re«nlted from an 
examination made by M. Courtols, a s«ltpetre-umnu- 
facturer at Paris, into the cause of the corrosion which 
took place upon the metallic vessels in which he sepa- 
rated soda from the ashes of sea -weeds. It was in 
1812 that he thus detected this curious body and sub- 
mitted it to MM. Clenfent and Desormes for further 
examination. The more complete inquiries into its 
nature were, however, nuide by M, Gay Lussac and 
Sir H. Davy, about the same time, viz. in 1813. The 
name Iodine *as derived by M. Guy Lussac from 
w om t viola cev s : a property belonging to it in the 
Gaseous state. There seems to be considerable varia- 
tion in the quantities of Iodine produced from different 
species of sea-weed, obtained from different places. Dr. 
Fyfe has published an examination of se\erul of these, 
from which he obtained Iodine i\iding sulphuric Acid 
to very concentrated infusions of the AIga\ (genus 
Fucv$ t ) made by macerating them in hot water, (a.) 

(208.) B. The marine plants that we have men- 
tioned are collected in large quantities, and burned in 
heaps on the sea-shore. The ashes are collec ted and 
sold under the name of kelp to the soap- manufacturers 
for the sake of the soda that they contain. It is from 
this kelp that Iodine is most readily obtained. The 
process for which we are indebted to Dr, Wollaston is 
much the most commodious. The soluble part of the 
kelp is to he dissolved in water: evaporate the liquor 
so ns to separate all the crystals that can be obtained. 
Pour off the remaining Liquid into a clou, vessel,- and 
add to it an excess of sulphuric Acid. By boiling this 
Liquid for some time sulphur is precipitated and hydro- 
chloric Acid is driven off. Decant the clear liquor and 
strain it through wool. Then put it into a small dusk, 
and mix with it as much black oxide of manganese as 
of sulphuric Acid tlfced before. Apply to the top of the 
flask a glass tunc, closed at one end. Thqn heat the 
mixture in the flask, "The lodrne sublimes into the 
glass tube. 

Dr, Ure obtained Iodine in considerable quantity 

• from the waste ley which htftl been employed in making 
soap from Scotch kelp, (b.) 

(209.) C. Iodine thus nbtairibd is considered a sim- 
ple body. It is solid at our ordinary temperatures, ft 
is generally seeit in small imperfect cr ystals of a lamel- 
lar structure'; is of very slight tenacity; is of a blackish 
blue colour, with some metallic lustre ; and has a good 

* deal the appearance of a granular plumbago, or native 
aulphuret of antimony. By careful sublimation it is 
readily obtained in crystals, the primary form of which 
has been determined by J)r. Wollaston to be an octa- 
hedron, Who$e axes are nearly in the ratio of 2 : 3 : I.* 
(e.) Its Specific Gruvitvjs 4.948 at temperature (>2°.5 

• Falfteubeit, (r/.) according to Thenurd, but only 3.0844 
according to Thomson. The taste of Iodine is acrid 
and hot, and iu effects arts poisonous. Its smell is like 
that Of chlorine or chloride of sulphur. It is slightly 
volatile at even ordinary atmospheric temperatures: it 
fuses kt 226° Fahrenheit, and boils at 347° Fahrenheit, 
but the colour < if its vapour may be rendered obvious 
• even at 100° Fahrenheit; and it entirely assumes the 
forth of a beautiful violet Coloured Gas much below 
212° Fahrenheit, under (he common atmospheric* pres- 



*’■ sure* , 

' fragment be placedMw^ii W 
of the Voltaic circuit, th# decdmpo«it»on of water does 
not take place. Iodine is soluble In TOOO timcfi iU 
weight of water, but it is much more soluWe in alcohol, 
and still more so in ether. * 

(210.) D, The union of oxygen with Iodine may be 
effected indirectly : and thus a peculiar proximate el** 
ment is formed, the Iodic Acid. See subsect. 1. iodine 
is, in fact, capable of expelling oxygen from both »«j) pbiir 
and phosphorus. Professor Semeiitini of Naples has * 
discovered another compound of oxygen and Iodine 
which he calls lodous Acid, but as yet its "properties are « 
little known, (o.) # 

(211.) E. Sir H. Davy formed the combination b*". " 
tween Iodine and chlorine at Florence in 1814, and thus 
discovered Chloriodia Acid. See subsect. 2. 

(212.) F. The direct union between Iodine and 
fluorine is of course yet unknown, but M. Gay Lussac 
examined the action between fiuate of potash (or 
fluoride of potassium) and Iodine: he says, * v Sulphate 
of potash was not altered by Iodine, but wljgt may . 
appear astonishing, I obtained oxygen with the fiuate 
of potash, (fluoride of potassium,) and the glass tube in 
which the operation was conducted underwent corro- 
sion. On examining the circumstances of the experi- 
ment, I ascertained that the fiuate became alkaline 
when melted in a platinum crucible. This happened 
to the fiuate over which I passed Iodine. It appears 
then that the Iodine acts upon tin* excess of alkali and 
decomposes it. The heat produced disengages a new 
portion of fluoric Acid or its radical, which corrodes 
the glass; and thus, by degrees, the fiuate is entirely 
decomposed.” 

(213.) II. Of the substances belonging to this divi- 
sion Iodine combines with hydrogen, phosphorus, sul- 
phur, and azole. The affinity of Iodine for hydrogen is 
very considerable. It decomposes many substances in 
order to obtain it, and by the aid of heat, it is capable 
of absorbing a considerable quantity of this Gas. Thus 
is formed a peculiar Acid, the II y dr iodic > to be described 
in subsect. 3. 

(214.) Iodine and phosphorus unite when gently 
heated together in a glass lube over charcoal. The 
formation of Iodide of phosphorus takes place witjji 
increase of heat, but without the evolution of light. 
(Ap.0.) 1 

(215.) Sulphur unites with Iodine readily, but not 
with energetic action. Iodide of sulphur may be 
formed by combining the subst|inc^f at a moderate 
heat; which heat, if again increased, readily produces 
their separation, and Iodine vapour escapes! 

Iodine ami carbon have not yet been united, jior 
have ive any information respecting the action of lodiue 
with boron or selenion. 

•(2l(>\) The compound of Iodine with azote was first 
formed by M. Courtois, by simply putting a quantity of • 
Iodine into a solution of ammonia in water, A process 
of decomposition takes place, ammonia is decomposed, 
and the new compounds resulting are iodide of azote 
and hydriodate of ammonia. • The latter remains in 
solution; the former falls down in the form of a black 
powder. In ,a quarter of an hour the process is 
complete and thfe Iodide may be washed upon a filter. 

This subBtamce possesses violent detonating properties; 
whep quite dry if will explode *poniflne<msly ; and 
when moist ivfoitl do so with only a very slight pressure, 
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Cfrfmtery* When detonation Is made in dose vessels, azote 
anii loninp arc found to be the tfole products, (A.) (!) 

, : ($17.) t, 41 Though as ydt Iodine has been united 
mrty to potassium, sodium, zinc, iron, tin, antimony, 
bismuth, copper, lead, mercury, and silver, yet it ap* 

^ pears that this substance possesses, like chlorine, the 
property of combining with all the metals, It is also 
certain that the Iodides are subject to the same law of 
composition with the chlorides and the sulphurets ; for 
first, when they are placed in water they decompose it, 

. and possess themselves of its two constituent elements, 
f thus transforming themselves into hydriodutes. 2. If 

* f We calcine the hydriodates of the protoxides of potas- 

# • sium, sodium, &c. the result is water and Iodides, 3. 
f When the hydriodic Acid is placed in contact with 

oxiderf, and it decomposes them, there also result 
Iodides and water. The quantity of Iodine in the 
Iodides is therefore proportional to the quantity of oxy- 
gen in the oxides. 

M AH the Iodides at present known are solid, brittle, 

( and scentless : the greater part have some flavour, 

and the greater part also crystallize : many are without 
colour. Among those that are coloured, many have a 
very deep tint. The Iodide of lend is a vivid yellow ; 
the protiodide of mercury is a beautiful yellow ; and the 
deutiodide is a vermilion red, 

• “ Some Iodides are volatile : such as those of potas- 
sium, sodium, zinc, and mercury. 

“ All, excepting those of potassium, sodium, lead, 
and bismuth, are decomposed by oxygen nt a red heat. 
Iodine is disengaged in violet vapours and the metal is 
* oxidated. Some, like the Iodide of zinc, deliquesce by 
exposure to the air, 

“ When placed in contact, with w r ater, the Iodides of 
potassium, sodium, zinc, and iron decompose it in- 
stantly, and dissolve therein, passing to the state of 
hydriodates. It is probable that the same takes place 
with the remaining Iodides of the two first classes of 
metals. 

“ The Iodides of tin and antimony also effect, at com- 
mon temperatures, the decomposition of water ; but the 
hydriodic Acid docs not unite to the metallic oxides: 
these are precipitated, w T hile the Acid remains in the 
liquid. 

44 Those of bismuth, copper, lead, mercury, silver, 
« find, in general, almost all those formed of metals which 

do not decompose water, arc, oil the contrary, inert 
when placed in it, and arc not dissolved. 

“ Todine is expelled from its combinations with 
metals by chlorine at a high temperature : but at such 
a temperature itMms'ulmost always an affinity for the 
metals superior to that of sulphur and phosphorus. 

“ Lastly, there is no Iodide known, wherein the 
coiiccnt rated sulphuric or nitric Acids cannot oxidate 
the metal and disengage the Iodine.” (r. Art. 248.) 

(21 8.) L, The nlutual action between starclr uvd 
' Iodine is very striking. Stiomeyer asserts that a solu- 
tion containing only I — 450000th part of Iodine pro- 
duces a blue colour when mixed With a solution of 
starch, (f) This colour varies from a delicate blue to 
a deep blatk, in proportion* to the quantity of Iodine 
present. To ascertain whether a vegetable root con- 
‘ tains starch, the root is cut transversely, and a drop 

of alcoholic solution of Iodine is let fill I upon the cut 
tmrftrte ; if the root contains any of that ftecula of 
which AtMh consists, the drop exhibits a blue tint, 
$hould Uie3odine exi.stiu a state of combination, it is 


necessary to add a todk- 

engage it, previous to the application of the test 
this reagent the presence of starch may be recognised 
in the solutions of some gums but not in those of 
others. By the help of this substance metallic paUa- 
dium may be distinguished from metallic platinum. A 
drop of the tincture of Iodine is placed upon the po- 
lished surface and suffered to remain there. A black 
spot will be found upon both metals, but that upon 
platinum may be removed by heating the metal while 
that on palladium cannot. * 

(219.) M. Several preparations of Iodine have been \ 
recently introduced into Medical practice, for although 
this substance is an active poison, yet, as in many 
such cases, it may be exhibited in very small quan« w 

titles : and the general opinion seems to be that it w*»H 
form a valuable addition to the Materia Medico. On 
this head we can only direct our readers to M. Majen- 
die’s interesting Work, (g.) The most striking effects 
seem to have consisted in t^ie dispersion of the goitre ; 
and for this purposept is now much employed in Swis- 
serlaucl. ■ 

Subvert. 1 . — Iodic Arid. Ot iodic Acid of Davy. 

(220.) A. This Acid is said to have been first recog- lodir Acid, 
nised by M. Gay liussac, but it was first obtained in a 
pure state by Sir H. Duvy. It is entirely an artificial 
product, not having been found in Nature either in a 
simple or combined form. 

(221.) B. To obtain Iodic Acid: — 14 Put 40 grains of 
Iodine into a thin, long- necked receiver. Into a bent 
gluss tube, shut at one end, put 100 grains of chlorate 
of potash, and pour upon it 400 grains of hydrochloric 
Acid, of Specific Gravity 1.105: then make the bent 
tube communicate with the receiver and apply a gentle 
heat. Protoxide of chlorine is generated, which should 
be made to puss through dry chloride of calcium, in 
order to separate moisture. As soon as it meets with 
the Iodine two new compounds are formed: 1st, a 
compound of Iodine and chlorine — chloriodic Acid : 
and, 2dly,*a compound of oxygen and iodine — oxiodie 
Acid. When heat is applied to this mixture, the chlo- 
riodic Acid, which is volatile, flies off and the oxiodie 
Acid is left pure/* (/c.) » 4 

(222.) (\ In this state it is a while semi transpa rent 
solid, without smell, but having a strongly acid flavour. 

In Specific Gravity it exceeds sulphuric Acid, as it will 
sink in that fluid. It first reddens atyd then destroys 
the colour of vegetable blues. It attracts ‘moisture 
from the air slightly, and is very soluble in water, ’ &ueh 
a solution gradually thickens by evaporation ; then 
becomes pasty, and ends by remaining, pure Iodic Acid. 

By a heat rather below the boiling temperature of olivp 
oil it is decomposed into oxygen Gas and Iodine vapour. 

*[tl. p. 75.) and (A.) * « 

(22 3.) D. E. F. G. unimportant or unexamined. 

(224.) H. The combustilric bodies exert a powerful 
action on Iodic Acid : for when it is heated with earlypt), 
sulphur, resins, or sugar, a , sudden detonation takes 
place. f . 

(225.) I. The same effects are produced by many of 
the metals when they are in a state of minute divi- 
sion. 

(226.) K. Iodic Acid unites with the sulphuric, phos* J ( 

photic, nitric, a'nrl boracic Acids, forming crystalline 1 , 
compounds with, the, three first. It i$ decomposed by 



Chemistry. the sulphurous, phosphorous, hydriodic and hydro-sul- 
phuroua Acids, 

As an example of one these compounds : let sulphuric 
Add be added drop by drop to a cold concentrated 
solution of Iodic Acid. A precipitute immediately takes 
place of Jodo-sulphuric Acid, This compound fuses 
when exposed to a gentle heat, and crystallizes, on 
cooling, in rhomboids of a pale yellow colour. By a 
more powerful heat, it is partly sublimed unchanged, 
and partly decomposed into oxygen, iodine, and sulphu- 
ric Acids. These compound Acids have such energy in 
their action upon metals as to dissolve even platinum. 
The Iodic and hydro-chloric Acids mutually decompose 
each other ; producing water and chloriodic Acid. 

With the salifiable bases Iodic Acid forms Salts : and 
these when neutral are in general of very slight solu- 
bility. So great is its affinity for the oxides of lead and 
mercury, that it precipitates them botli from their solu- 
tion in nitric Acid. The iodates of ammonia, soda, 
potash, lime, barytes, strontia, zit?,c, and silver have been 
described, (n.) * 

(227.) L. See (215.) 

(228.) M. None at present known. 


Chloriodic 

Acid. 
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Subsect, 2. —Chloriodic Acid. 

(229.) A. This substance, which is entirely an arti- 
ficial production, was discovered about the same time 
both by Sir H. Davy and M. Gay Lussac. 

(230.) B. Chloriodic Acid is formed by passing a 
current of chlorine Gas iyto a vessel containing iodine. 
The iodine absorbs the Gas and a yellow substance re- 
sults, which by being fused with a gentle heat assumes 
an orange colour ; but is red if the iodine be in excess. 
For the complete saturation of the iodine, this red sub- 
stance must be dissolved in water, and then through 
this solution a current of chlorine is to be passed until 
saturation takes place. Solution of Chloriodic Acid thus 
formed is a clear liquid, provided neither of the elements 
be in excess. • * 

(231.) 0. It would* t seem from Davy’s experiments 
that it is difficult to form Chloriodic Acid as a definite 
compound. When the chlorine is in delect the sub- 
stance is solid, but when the quantity of chlorine is con- 
siderable, both substiAices seem to rise in vapour, 
Though still in a state of combination. The solution 
has strongly acid properties and destroys vegetable blues. 

(232.) D. F. H. Unexamined, or unimportant. 

(233.) I. Chfonodie*Acid seems 4o have a powerful 
mutual action with some of the metals, for it is decom- 
posed by mercury? which renders experiments upon this 
substance extremely difficult and unsatisfactory. 

(234.) K. It seems impossible to combine this Acid 
Aith hases, for whenever such were presented to it, the 
water was (Recomposed, muriatic and iodic Acid being 
the result 

(^35.) L. On this head consult Iodine L, and Chlo- 
rine L. 

(236.) M. None, at present ; but Sir II. Davy, by 
feeding birds <|n bread soaked in the solution of this 
Acid, proved that it is not poisonous like pure iodine, ( d . 

and A.) 

Subsect . 3.- — Hy dr iodic Acid , 


Hydriodb (#37*) A. This Acid yas doubtlesjs first produced 
either during the experiments of JWf, Courtois or of MM 
♦ # VOL. r V. 


Clement and Desormes, bat iti aeeurtiite 
was undertaken by ML Gay Lussac and Sir H. Davy. 

It would seem that the hydriodate of potash exists in 
the Fuci only and in some of the Sponges, . *' 

(238.) B. Hydrogen and iodine if placed in contact 
enter into combination upon a moderate elevation of 
temperature. But there are other and better processes 
for obtaining*!! ydriodic Acid which depend upon present- 
ing the hydrogen to the iodine in a nascent state. Of 
these we prefer the following. Put into a small tube 
retort eight parts of iodine and one of phosporus, and 
let this mixture bo slightly moistened wijh water. Then 
by the application of a very gentle heat the Hydriodte 
Acid comes over rapidly in the form of a Gas which may 
be collected over mercury, though mercury decomposes 
some of it : or it may he passed into water in which it 
is soluble, and may be kept for use as a test. Another 
excellent method is to diffuse iodine through water and 
then to pass a current of hydro-sulphuric Acid through 
the water : the hydrogen combines with the iodine, the 
llydriodle Acid remaining in solution, and the sulphur 
is precipitated. Time should be allowed for thfc sulphur 
to subside, and any excess of Hydro-sulphuric Acid re- 
maining in the liquid may be dissipated by the appli- 
cation of a moderate heat. In this maimer, also, the 
Acid may with care be considerably concentrated. This 
Acid consists of one volume of iodine vapour -f one 
volume of hydrogen. 

(239.) C. Ilydriodic Acid when pure is a colourless 
Gas, very acid to the taste, strongly reddening vegetable 
blues, and having a powerful smell, extinguishing , 
combustion, and forming white fumes as it comes iu 
contact with atmospheric air. Water absorbs this Gas 
with avidity, and by careful evaporation a solution of 
Jpecific Gravity 1.7 may be obtained. A red heat de- 
composes Gaseous Ilydriodic Acid. • 

(240.) I). By admixture with oxygen Gas, Ilydriodic 
Acid Gas is entirely decomposed. Water being formed, 
the iodine remains free. 

(2*11.) E. By admixture with chlorine decomposition 
also takes place: the chlorine seizes upon the hydro-, 
gen to form hydrochloric Acid : and the iodine vapour 
gradually condenses into the solid form. 

(242.) F. and H. Unknown. 

(243.) I. Potassium, sodium, zinc, iron, mercury, a»d 
many other metals decompose this Acid : hydrogen is 
liberated, and metallic iodides are formed. 

(21 1.) K. The hydrochloric, hydro-sulphuric, and sul- 
phurous Acids do «rmt affect the Ilydriodic Acid when 
brought in contact with it, but concentrated sulphuric 
anil nitric Acids cede a part of their oxygen.to its hydro- 
gen, so that from this double decomposition there results 
a deposit of iodine, sulphurous Acid Gas, or deuUrxide 
of azote anti water. Solutions of iron, also, in a high state 
of oxidation, throw down the iodine; as also some other 
metals which produce iodides. 

There are also two compounds of the tw<f varieties of # 
phosplmret ted hydrogen with ilydriodic Acid, and for 
these see (/.) 

With bases the H ydriodic Acid forms Saifs, which are 
all soluble in water, and for the most part crystal lizable. 
For the properties of these we would refer our readers 
to Thomson’s -Chemistry y vnl. ii. p. 277. 

(245.) Lv “* Hydriodate of potash does not precipi- 
tate solutions of manganese, nickel, or cobalt. Hence 
the hydriodates of > these metals Ure soluble in water, 
Qay Lusftuc't of opinion that allibe bydriodates of the 
4 a 
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Cbemfrtry. metals incapable of decomposing. water are precipitated 
by bydriodate of soda. The precipitate of copper is 
greyish white; that of lead a fine orange yellow ; that 
oftyrotoxidc of mercury greenish yellow ; that of per- 
oxide of mercury orange red ; that of silver is white ; 
that of bismuth moreen.’* Thomson, (m.) 

(246.) M. None, 
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§ 5. Bromine , 

Bromine. (247.) A. Bromine was discovered by M. Balard of 
Montpelier, («.) who recognised it by a peculiar yellow 
cloud which appeared in the solutions bom which he 
* precipitated iodine by starch. These solutions were 
obtained from the lixivium of the ashes of the Fuel, 
which had been burned for the purpose «1 obtaining 
their alkaline matter ; and aKo from tlu* bittern left 
after the evaporation of sea water. M. Balard con- 
siders that this substance exists in small quantity in 
sea water as a hydro-hromnte of magnesia. Also in 
marine plants growing on the shores of the Mediter- 
ranean ; and in the shell of the lanthina Fnduceu. 
M. Liebeg has detected it in the saline springs of 
Theodorshnll, near Krentznach. (A.) Bromine is con- 
sidered to be a simple substance, having properties in- 
termediate between those of chlorine and iodine, which 
latter substance it ought to have preceded in our Synop- 
« ti£’ Scheme. (4 ) 

(248.) B. The best process for obtaining Bromine is 
to pass a current of chlorine Gas through the bittern or 
the lixivium of marine plants, and afterwards to agi- 
tate a little ether with the liquid. The Bromine is taken 
up by the ether, $hicfi assumes a deep hyacinth red 
colour, and ^hy being left quiet for a short lime rises 
to the surface. This solution is to be decanted otf, and 
mixed wfith caustic potash ; it thus becomes colourless, 
and cubic crystals of hydro-bromate of potash are ob- 
* tained upon evaporation. * , 

\ To obtain Bromine from these crystals, let them be 
reduced to powder and mixed with pure peroxide of 
manganese. But this mixture into a rift tort with a little 
sulphuric Acid, diluted with half its weight of water; 
by gfentle distillation vapours of Bromine are disengaged, 
which, condense in red drops of liquid ; or, to assist the 
condensation, a small quantity of water may be gilt into 
the receiver. The water may afterwards be entirely 
separated- by distillation from dry chloride of calcium. 

Bromine may also be obtained in its liquid state, 
though ttdt perfectly pure, by simply distilling it from 


the bittern after that liquid has been acted upon by 
chlorine as above described. 

(249.) C. At ordinary temperatures Bromine is a 
liquid, of a blackish red colour in mass, but when in 
a thin film transmitting hyacinth red light. It congeals 
at about 0° Fahrenheit, (c.) and boils at about 116°.5 
Fahrenheit. It is very volatile, emitting red vapours 
at ordinary temperatures ; but it undergoes no change 
from either a red heat or from the action of the voltaic 
pile*. It is absolutely a non-conductor of electricity. 

(rf.) Combustion it will not support. It is soluble in 
water, alcohol, and readily so in ether. Like chlorine 
it discharges vegetable blues, but without reddening 
them. Its odour and taste are powerful and disagree- 
able, resembling chlorine. It corrodes animal matters, 
and produces a yellow stain on the skin, which shortly 
disappears ; this colour is less intense than thut, pro-* 
duced by iodine. Specific Gravity 2.96. (Balard.) 

(250.) D, No compound of Bromine and oxygen 
has been formed directly ; and the only one that has 
been formed indirectly i»'the Bromic Acid. See subsect. 

1. The affinity of Bromine for oxygen seems about 
equal to that which it exerts towards hydrogen; for 
oxygen cannot abstract hydrogen from Bromine ; 
neither can Bromine decompose the vapour of water so 
as to possess itself <^f the hydrogen. 

(251.) E. At ordinary temperatures Bromine unites 
with chlorine, producing a reddish yellow liquid, which 
is highly volatile, having a very penetrating odour and 
disagreeable taste. Tins liquid is soluble in wuter, 
apparently without undergomg decomposition. Alkalis 
when added to this solution decompose it, producing 
bromic and hydro-chloric Aeids. 

(252.) F. Dnknown. 

(253.) With Bromine iodine seems to form two 
combinations. The one a crystalline substance, the 
other a Liquid. Iodide of Bromine is soluble in water 
By adding alkalis to this solution, iodates and hydro- 
bromatCN are produced. 

(254 ) 11. The vapour of Bromine does not unite 
with hydrogen Gas by mere contact, but if a lighted 
candle or a piece of ignited vvue be introduced into the 
mixture, combination takes place around the heated 
body, but without explosion, and without extending to 
the entire mass of the fluids. On mixing the vapour 
of Bromine with hydriodic Acid, hydro-sulphuric Acid, 
or phosphurelted hydrogen, they are respectively de- 
composed, and an \cid Gas, the hydro-bromic Acid, is 
produced. See sulked. 2. The affinity of Bnqntne for 
hydrogen is intermediate between the ufiinitjes of 
chlorine and iodine, for chlorine decomposes the 
hydro-bromic Acid ; but Bromine will^ decompose the 
hydriodic Acid. Phosphorus unites with Bromine in 
two proportions; with «ulphur in one proportion. M. 

Balard could not obtain a combination with pure car- 
bon ; but succeeded in forming a hydro-carhuret of 
Bromine. M. Serullas has haw ever, succeeded in fojjtu* 
ing the Bromide of carbon. With selenion, Bromine 
has been also combined by M. Serullas. 

(255.) I. With the metals the uction^of Bromine id 
much similar to that of chlorine. Antimdny, tin, and 
potassium burn in it, the latter with great energy. M, 

Balard supposes that the soluble metallic Bromides 
are, like the sojuble iodides and chlorides, converted into I 

neutral h yll rto-brO mutes ; and conversely, that the eolu- /- 

tions of hydro*brpmaJ,es are, by evaporation*, converted 
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CVeiaisity ftttoanhydrous Bromides. The Bromides arc all de~ 
<&*&***> composed bv chlorine, which unites with the metal 
setting the Bromine tfec. The attraction of Bromine 
<br mercury is very strong, producing- during combina- 
tion considerable heat, but no light. M. Balnrd de~ 
scribes the Bromides of lead, mercury, silver, gold, and 
platinum : those of arsenic and bismuth are described 
by M. Serullas. (c.) 

(256.) K. The only actions that can take place be- 
tween Bromine anti (he Acids, is of the nature of 
decompositions: these, however, at present require 
• further examination. 

(257.) L. Bromine, or its combinations, produce no 
action whatever upbn solutions of starch, by which it 
is clearly distinguished from iodine. An effort lias 
been made to employ it as a tdkt for all the vegetable 
alkalis; but complete success has not been obtained, 
(e.) The Bromate of potassa atforcls no precipitate 
with the Salts of lead ; but a while one with the nitrate 
of silver, and a yellowish white one, soluble in nitric 
Acid with the proto- nit rat( ,# ot mercury. By these 
characteristics it is well distinguished from the chlorate 
or iodate of the same alkali. 

(25ft.) M. Bromine appears to possess poisonous 
properties ; for by placing a drop of it upon the beak of 
a bird, the animal was destroyed. „ 

Subsect. 1 . — Bromic Acid. 

Mromic (259.) 'When Bromine is agitated with a concentrated 

\c.ii. solution of potassa, or when (he solid alkali is mixed 
with an ethereal solution of Bromine, two Salts, the 


of a gentle heat Hydro-bromic Acid Gas is copiously 
evolved. This Gas may ha collected over mercury m ** 0 %s**?x 
dissolved in water. 

The Hydro-bromic Acid Gas has a pungent odtfur 
and an acid taste. On meeting with moist air, it pro- 
duees very dense white vapours. It is not decomposed 
by being passed through a red-hot tide, even when 
mixed with oxygen. Chlorine immediately decomposes 
it, though iodme docs not. Potassium decomposes it 
at all temperatures ; and tin also when heated. , Nitric 
Acid decomposes the watery solution of Hydro-bromic 
Acid with evolution of bromine ; and the mixed liquid 
will dissolve gold. The alkalis, earths, the oxide* pf 
iron, and the peroxides of copper and mercury unite 
with Hydro-bromic Acu! to form true Hydro-biyiftiiites ; 
but with the oxide of silver and the protoxide of lead, a 
double decomposition takes place, producing a metallic 
bromide and water. 

Iron, zinc, and tin dissolve in Hydro-bromic Acid; 
hydrogen being evolved. Hydro-bromic Acid consists 
of equal volumes of its two elements in the Gaseous 
state. • 
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Bromate and hydro. bromate of potassa, are formed. By 
evaporation, these are obtained in separate crystals ; 
those of the hydro- bromate being cubic, and those of 
the Bromate aeictilar. The Bromate of potassa is 
separated from the hydro-bromate by being very spar- 
ingly soluble in cold water, while the latter is readily 
so. The Bromate* possess properties analogous to 
those of the lodates and chlorates. Thus the Bromate 
of potassa when fheatefl becomes Bromide of potassium, 
oxygen being disengaged ; it deflagrates when thrown 
on ignited charcoal, and when mixed with sulphur it 
detonates upon percussion. The Acid of the Bromatcs 
is decomposed by substances that abstract oxygen, such 
as the sulphurous uifH hydro-sulphurous Acids. The 
* Bromates also are decompose^ hy the hydro- chloric and 
hydro-bromic Acids. 

The Bromic Acid is obtained in a separate state, by 
addingtdilute sulphuric Add to the»Bromate of barytes. 
This Bromate may either be formed born the Bromate 
of potassa, or directly upon the general principle, that 
all the alkaline earths, except magnesia, seem to form 
with solutions containing Bromine the Bromic and 
f hydro- bromic Acids, which may be separated as above 
described. # « , 

The Salts of lead produce no precipitate with solu- 
tions of Bromutc of putassa, hut abundant ones with 
the hydro-bromate of that alkali, M. Balard supposes 
the Bromic Acid to contain five atoms of oxygen -r one 
atom ot Bromine. 


CHAPTER HI 

Non-metallic {Electro -positive ?) Elements. 

The substances which we shall consider in this 
Chapter are in number eight, exclusive of some im- 
portant compounds, which will also be noticed as proxi- 
mate elements ; viz. silicon, hydrogen, carbon, boron, 
phosphorus, sulphur, selenion. and nitrogen. Of these, 
hydrogen and nitrogen are at present considered per- 
manent Gases ; but there is some reason to conclude 
from analogy, that, by enormous pressure, these anc^all 
Gaseous fluids might be reduced to the liquid form. 
The six remaining' bodies arc solid at our ordinary tem- 
peratures. Phosphorus, sulphur, mid selenion are 
fusible and volatile ; while silicon, boron, and carbon 
are generally considered os infusible and fixed. Not 
one of these lias any action on oxygen at # the ordinary 
atmospheric temperatures. Nitrogen has none at any 
temperature, however elevated; but hydrogen, boron, 
carbon, phosphorus sulphur, and selenion are Capable 
of combination with it, heat and light being evolved. 

That silicon may be converted into an Acid is doubt- 
ful. Hydrogen is ncidifiublc by chlorine* fluorine (?)• 
i iodine, and bromine. Carbon, boron, phosphorus, and 
nitrogen by oxygen only ; but sulphur and selenion by 
both oxygen and hydrogen. * 4 


Subject. 2 . — Hydro-bromic Acid . 

Jfydm- (860.) The uction between bromine and hydrogen 
tbromieAcid. j, as been a \ rea( jy noticed, (254.) but ^be best process 
’ • # fbr forming Hydro-bromic Acid is *to rail together a 

« small quantity of phosphorus nryi biomiue in a retort ; 

t some moisture should be present j and by application 


§ I. .Silicon. • 

•(261 *) A, 1 The name Silicon has been proposed by 
Dr.* Thomson* (a.) for the base of the wett-known earth 
silica. When Sir H. Davy first decomposed that body, , 
he gave to. ;ts base the name df siliciurn, and such it 
continues ypith Thcnard, and those who consider 
4 r 2 
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Chwimifj. this base entitled to rank among the metals* But if, 
with the greater numWr of Chemists, we consider this 
base autologous to boron ami carbon, and destitute of 
metallic properties, Silicon is the more appropriate 
term. 

44 Sir H. Davy, after having succeeded in decompos- 
ing the fixed alkalis and alkaliue earths by the action 
of the Galvanic battery, was naturally led to try the 
effects of the same powerful agent upon silica. But 
his experiments were not attended with success. (6.) 
• But the analogy between silica and other bodies con- 

taining oxygen is so great, that it was universally con- 
# 4 sj,dered us a compound of oxygen and a combustible 

base. Berzelius succeeded in separating this base from 
1 silica, apd uniting it to iron, (c.) and his experiments 
were successfully repeated by Professor Stromeyer. (d.) 
About the end of 1813, Sir II. Davy succeeded in 
obtaining the hase of silica in a separate state, although 
he was not able to collect it, and examine its properties 
( , in derail.” (c.) Thomson, (a.) Berzelius completed 

the evidence of the nature of this substance in 1824. 

( aa .) i 

(262.) B. Davy decomposed silicu by passing excess 
« of potassium through it in a heated tube of platinum. 

The potassium was converted into potash, through 
, which the Silicon was disposed in the form of a dark- 
coloured powder. * 

Berzelius says nothing is more easy than to pro- 
cure Silicon ; the method by which it is obtained is this. 
The double filiate of silica with potassa or soda, heated 
almost to a red heat, for the purpose of driving off the 
hygrometric water, is introduced into a tube of glass 
closed at one end. Some fragments of potassium are 
introduced, and care is taken to mix the potassium 
with the powder, by applying a heat sufficient to lose 
the inetal, <and gently tupping the tube. The heat of a 
lamp is then applied, and before the mixture arrives at 
a red heat there is a feeble detonation, and the Silicon 
is produced. The mass is then left to cool, and after- 
wards washed with water as long as any thing is dis- 
( solved. At fir.^t there is a disengagement of hydrogen 

Gas, because a siliciuret of potassium is obtained, 
which cannot exist in water. The washed substance is 
a hydrurct of Silicon, which at a red heal burns vividly 
iri pxygen Gas ; though the Silicon does not become 
oxidated. This liydruret is then to he put into a covered 
platinum crucible, and heated by slow degrees up to 
redness. The hydrogen becomes oxidated alone, and 
the Silicon will no longer burn in oxygen, though 
chlorine attacks it readily. A small quantity of silica 
is produced, § which may he dissolved by fluoric 
Acid. If the Silicon has not been well healed to red- 
ness, die Acid dissolves it with slow disengagement of 
hydrogen, (aa.) 

ti/ (263.) C. Silicon is a dark nut-brown powder, having 
. no metallic lustre. It, is a nonconductor of Electricity,' 
* and is infusible before the blowpipe. 

(264.) D. Silicon does not burn in atmospheric air, 
h . or Oxygen Gas, but it indirectly will forpi a very firm 
COtnppund with that substance ; thus producing the 
welMcnown earth silica, which exists in great abun- 
c dance in Nature. See subject. 1 . 

$ (2661) E. Silicon readily unites with chlorine as 

already stated. ' 

(266*) F. With fluorine, Silicon unites to form an 
Acid Get* which has been.already noticed. (J84.) 

(267.) G. Udexamiued. ' ' ' 
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(268.) H. Silicon umtes with hydrogen, but itehabi* Part U. 
tudes with other bodies of this class require invest!* 
gation. * 

(269.) I, There is great reason to suppose that 
Silicon may unite with most of the metals, but as yet 
its combinations with iron and potassium are all that 
are mentioned. 

(270.) K. Silicon is neither oxidated nor dissolved 
by the nitric, hydro-chloric, sulphuric, or fluoric Acids ; 
but it is readily soluble in even aScold mixture of the 
nitric and fluoric Acids. 1 

Silicon is not changed by being ignited with chlorate 
of potassa. It does not deflagrate in nitre,' until the 
temperature is raised high enough? to decompose the 
Acid ; and then oxidation takes place in- consequence 
of the concurrent affinities of oxygen for Silicon, and 
of silica for the disengaged potash. By a similar play 
of affinities, Silicon burns vividly when brought into 
contact with carbonate of potassa or soda, even below a 
red heat. When dropped upon fused hydrate of 
potassa, soda, or baryta, ’hydrogen is evolved with such 
rapidity as to produce explosion. 

(271) L. M. All that need be said on these heads 
will be found in subject. 1. L. and M. 

Subsect. 1. — Silica. 

(272.) A. From the element silicon wc proceed to its Silica, 
oxide Silica, which has long been known us one of the 
earths, and forms, in its various combinations with other 
mineral bodies, the largest proportion of the substance 
of our planet. “Quartz, chalcedony, flint, sand, and 
some other minerals consisting principally of Silica, 
have the property of melting into glass when strongly 
heated with potash or soda, and, therefore, were classed 
together by the early Mineralogists under the name of 
vibi liable stones. Mr. Pott, who first described the 
properties of these minerals in 1746, gave them the 
name of Siliceous stones, supposing them to be chiefly 
composed of a peculiar earth, called Siliceous Earth, 
or Silica This earth was kndwn Jo Glauber, who 
describes the method of obtaining if from quartz. But 
it was long before its properties vvere accurately usccr- 
tuined. Geoflroy endeavoured to prove that it might 
be converted into lime, (f) , Pott (g.) and Beaume (h.) 
that it might be converted Into alumina; but thesp 
assertions were refuted by Cartbenser, ( i .) Scheele, (it.) 1 
and Bergman. (/.) To this last Chemist we are in- 
debted for the first accurate description (m.) of the pro- 
perties of Silica." (tt.) 1 ' , 

(273.) B. Pure Silica is obtained by fusing r pul- t 
verized flint with thrice its weight, of caustic potash in 
a silver crucible. The spongy mass thus obtained is 
to be dissolved in water, and then super-saturated with 
muriatic Acid, and slowly evaporated to dryness. By c 
subsequent affusion of water the alkt^ine Salt is re- 
moved, and the Silica remains pure. 

(274.) C. Thus obtained Sjlica is a while powder, 
without taste or smell. Not soluble in water. “ fifiit , . 

when the compound of Silica and potash is dissolved 
in water, and sufficiently diluted, the Silica cannot be 
precipitated from it by any addition of Acid 1 ; showing 
that in this state it is really soluble in water.* After it 
has been thoroughly dried it seems quite insoluble ; 
but when fresh precipitated, and still moist, it dissolves, 
according to*£irwui, in 1000 parts of distilled water, 
and it exists natupilly in minute proportions in some 
mineral, waters, such as the Geyser springs in Iceland* 
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CtomUtty. Silica i« infusible, except by the heat of the Gas blow- 
M * v ^* * * ptpgy It U wot volatile under our ordinary processes, 
though it would seem from some observations of Berg* 
man, and also from a more recent notice, that it is 
capable of volatilization by intense heat. (#.) 

The crystallization of Silica forms a marked feature 
among its Physical properties. In Nature it is found in 
this state abundantly. There must be few who have not 
admired the beautiful hexagonal prisms of quartz, ter- 
minated by hexahedral pyramids, which occur in every 
Country of the Earth. # This is rock crystul in its most 
common secondary form. We are frequently led to 
suppose that the process of the formation of crystals in 
the earth is a very tedious process, requiring the quiet 
operation of vfcges to accomplish, but Chemistry offers 
many reasons to induce us to ’suspect that this muy 
easily be overrated. The following confirmation of 
this view is taken from Thomson’s Syntiui. 4 ‘ There 
are two methods of imitating these crystals by art. 
The first method was discovered by Bergman. He dis- 
solved Silica in fluoric Acid, alid ullowed the solution 
to remain undisturbed for two years. A number of 
crystals were then found at the bottom of the vessel, 
mostly of irregular figures, but some of them cubes 
with their angles truncated. They were hard, but not 
to be compared in this respect wjtli rock crystal, (o.) 
The other method was discovered by accident. Pro-, 
lessor Seigling of Erfurt had prepared a Liquor Silinnn , 
which was more than usually diluted with water, and 
contained a superabundance of alkali. It lay undis- 
turbed for eight years iu a glass vessel, the mouth of 
which was only covered with paper. Happening to 
look at it by accident, he observed it to contain a num- 
ber of crystals, on which he sent it to Mr. Tromsdorf, 
Professor of Chemistry at Erfurt, who examined it. 
The liquor remaining amounted to about two ounces. 
Its surface was covered by a traiispnieiit crust, so strong 
that the vessel might he inverted without spilling any 
of the liquid. At the bottom of the vessel were a num- 
ber of crystals, which proved oil examination to be sul- 
phate of potash and ciy bonate of potash. The crust on 
the top consisted partly of carbonate ‘of potash, and 
partly of crystallized Silica. These last crystals had as- 
sumed (lie form of tetrahedral pyramids in groups: they 
wjure perfectly transparent, and so hurd that they struck 
’lire with steel. 1 ’ (/?.) 

(275.) D. E. None. 

(276.) F. See (184.) 

(277,) G. None. * • 

(27&) II. None of the substances belonging to this 
class have any action on Silica. 

(279.) 1. Potassium and sodium are known to be 
capable of decomposing Silica, possessing themselves 
W its oxygen; the other metals have no action upon if. 

(280.) K v It if under this head chiefly that we find 
the marked characteristics of Silica. It docs not unite 
wit|i Acids in general, from whence it would seein inca- 
pable of performing the part of a base : a strong argu- 
ment against its beiflg the oxide of a metal. There is, 
however, one Acid with which it manifests some singular 
properties, fhis is the hydro-fluoric, the only one capa- 
ble of dissolving it. If finely powdered Silica be mixed 
with hydro-fluoric Acid the whole compound instantly 
assumes the Gaseous form. Silica liisps also into a 
Gffpm with solid phosphoric or boracil Acid * 

Oft the other hand, titlica pqsseswes strongly acid 
properties towards the alkaline bases, and mi this 
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ground Mr. Smithson was led to consider it actually *!! !;• 

acid body ; and to argue that it performed the part df 
an Acid in its union with many earthy buses. In this , 
view of the subject many mineral bodies ate a aofttytf 
earthy Salts, ( q .) This idea has been ably supported 
by Berzelius, (r.) 

To proceed then to the combination of Silica vflth 
alkalis. It readily dissolves in solutions of either of the 
fixed alkalis, though ammonia has no effect upon it, 
either in the Gaseous or liquid form. When# Silica 
is fused with potassa, if the latter be in great excess the 
compound is soluble in water forming the Liquor Sili * 
cum of old writers; but when the Siiicii is in great ev * 
cess Glass is tile resulting compound. Baryta seems to 
unite with Silica by fusion but imperfectly", thqfigh the 
affinity between the substances is considerable; for, ac- 
cording to Morveau, if barytic water be added to dilute 
Liquor Silicum, a precipitate is formed iu which both 
earths are united, ($.) The compounds resulting from 
fusing these earths together in various proportion^ have 
been examined by Mr. Kirwan. (/.) 

The habitudes of strontia with Silica are tfhnilar to 
those exhibited by barytes. 44 Equal parts of magnesia 
and Silica melt with great difficulty into a white enamel 
w hen exposed to the most violent heat that can be pro- 
duced. (//.) They are infusible by inferior degrees of 
heUt iu whatsoever proportion Lhcy may be mixed, (v.) 

lflime water be added to a solution of Silica iri pot- 
ash, a precipitate falls down containing the two earths 
in a state of com bination. (u\) The compounds 
formed by fusing these two substances together, have m 
been examined by Mr. Kirwan; (/. p. 56:) when the 
earths were iu equal quantities an imperfect sort of 
enamel was formed. Silica has a strong affinity for 
alumina ; for, according to Morveau, (#. p. 2<19,) it* 
equal parts of Sil Seated potash and Silicated alumiua, 
both iu solution, be mixed together, a brown cloud 
appears, which by gentle agitation spreads throughout 
the whole Liquid. In the course of an hour this cloud 
gelatinizes. These two earths, however, cannot be 
heated so as to run into fusion, (e. and t.) 

(281.) h. Silica is recognised by its insolubility in all 
Acids except the fluoric: by forming a compound en- 
tirely soluble in water upon calcination with twice its 
weight of potash in a silver crucible. The solution 
when conceiitiated forms a conguluni upon the addition 
of an Acid. 

(282.) M, The uses of Silica are numerous and im- 
portant. A variety of rock crystal, which occurs in 
rolled masses iu the Island *>f Madagascar, being 
beautifully diaphanous, is cut for spectacle^ and goes by 
the common name of crystal. The rich amethysts that 
come from Spain, Siberia, and Brazil, are only the 
same substance naturally coloured by the oxide of 
ipaijgntiese. The manufacture of Glass will require a 
more extended detail in another part of this Work: for • 
the present, therefore, we must be satisfied frith stating, * 
that two parts of Silica* fused with from one to one 
and a half of , carbonate of potash or soda, forms this 
most beautiful and useful ■ substance. Thfe more «purc 
the ingredients the more clear’will be the Glass; but as 
both the substances employed are not previously purified 
by the tedious ar)d costly Chemical processes, the ma- 
nufacturer is obliged to resort to other artifices for the 
improvement of his metal, as the fused compound ia 
technically called. , The finer kinds of Glass are made 
from pounded flint and the best pearl ash, or sometime* 
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Chtmiftry. fine washed white sand is used In place of the pounded 
v- w* flint ■’ Window Glass is made from sand and kelp. 
Grtpm bottle Glass is made from sea sand and the re- 
fifte of the soap-makers lees, which contain a lurge pro- 
portion of lime. The less alkali is employed the harder 
is the Glass, but a greater heat is required for its fusion. 
Besides these, which are the essential ingredients, oxide 
„ of lead is added, which promotes the fusion of the ma- 

terials ; renders the Glass more dense and ductile, adds 
to its refractive power, and therefore to its brilliancy, 
* and allows of its taking a higher polish. 

. Black oxide flf manganese has been called the Glass- 

r f maker’s soap, because it greatly improves the transpa- 
rency of Glass. This it does by a mutual compensation 
f of properties with the oxide of iron which is always 
present in both tine main ingredients of Glass. For iron 
in a low state of oxidation gives to Glass a green tint, 
but in a high state of oxidation it either does not enter 
into fusiou with the Glass, but is removed among the 
scorisa, or when fused it does not communicate coloui 
On the other hand, the black oxide of manganese pro- 
duces a Violet colour; but in a lower state of oxidation 
il communicates no colour at all. When the two, 
r therefore, meet in the formation of (tlass, the iron gains 
some oxygen which the manganese loses, and both are 
« reduced to that state which is most favourable to the 
transparency of the Glass. 

By some variations in the composition, chiefly arising 
from the addition of several metallic oxides, certain 
kinds of Glass are formed in imitation of precious stones. 

, The colourless variety is technically called paste, and 
by the addition of other metallic oxides all the coloured 
gems arc imitated. (?/.) 

Porcelain also consists of various proportions of 
Silica and other earths I used together, but in this com- 
pound uluftiinu predominates. 

Enamels consist of Glu«s fused with large proportions 
of the oxides of tin and lead, (z.) 
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§ 2.^} hydrogen. 

Hydrugnn. A. With regard to the discovery of Hydrogen 

Gas, pr. Thomson .states that “ Mavow, (a.) Boyle, 
(6.) and IlaJea procured it in considerable, quantities, 
and noted a few of its mechanical properties. 'Its com- 
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bustibility was known about the beginning of tlie Parti*. 
XVUIth century, and was often exhibited as a ctirlo^ ' Wy -wi* * 
fiity. (c.) But ,Mr. Cavendish ( d .) ought to be con- 
sidered its real discoverer ; since it was he who first 
examined it, who pointed out the difference between it 
and atmospheric air, and who ascertained the greatest 
number of its properties/* (e.) 

H ydrogen Gas is frequently generated in considerable 
quantities in mines, or in other parts of the Earth where 
metallic bodies exist. ( f ) 

(284.) I?. Hydrogen Gas is readily obtained by not- 
ing upon iron turnings or small nails with sulphuric 
Acid, diluted with five or six limes its weight of water/ 
Granulated zinc may also be employed, in which case 
the dilute . Acid may consist of eight-ninths of water. 

In both cases the metal is to be placed in a retort or # 
glass proof, and the Gas, which is rapidly evolved, may 
be collected in jars over the water-trough. A very con- 
venient instrument for obtaining and preserving a con- 
stant supply of this Gas in a laboratory was contrived 
by Gay Lussnc, and is ‘described in the A finales dc 
Cfumir d dr Phisiquc. (g.) Hydrogen Gas, however, 
thus obtained from metals, is not absolutely pure, {h.) 
and requires to be washed with a solution of caustic 
potassa. Berzelius discovered that Hydrogen Gas, pro- 
i! iced from iron filings and dilute sulphuric Acid, might 
r>e deprived of all scent by being passed through pure 
alcohol ; and that when the alcohol is diluted with 
water, and kept a few days, the odorous volatile oil is 
separated. (/.) Hydrogen Gas may also be procured in 
very considerable quantities by passing the vapour of 
water over coils of iron-wire heated to redness in a 
gun-barrel: the iron undergoes oxidation and the Hy- 
drogen is set free. 

(285.) C. Pure Hydrogen Gas is free. from smell and 
taste. Water will absorb only about two per cent, of its 
own volume. It is unaltered by heat and electricity. 

Its action on the rays of light is more highly refractive 
than that of any other (ins. It is inflammable, and the 
lightest of all known substances, h will not support 
animal life, though its properties do not seem to be 
poisonous. When breathed from a bladder or oil-silk 
bag, it renders the tone cf the voice of a much higher 
pitch than usual : an effect, which shortly goes off 
again, {p.) 

The combustion of Hydrogen with oxygen affords 
many interesting particulars, for the full details of which 
we can only point out the references, (fc. ) Water is the 
sole produce of thiv combustion, subsect. J. The pro- 
portion in which these two elements unite is precisely 
two volumes of Hydrogen -f one volume of oxygen. 

When Hydrogen Gas, issuing from a small orifice, is 
burned in common air, and a glass tube is held over the 
flame, musical sounds are produced, (m.) 

(286.) 1). Hydrogen and oxygen do not unite when 
merely placed in contact with each other, but by violent 
compression. JVL Biot found a mixture ofthe.se Gases 
might be made to unite. The combination took place * 

with evolution of light and heat. Ifiot also found that a 
pressure of thirty atmospheres/ producedCby sinking a 
vessel of the mixed Gases to a depth of one hundred and 
fifty fathoms in the sea, did not cause their union, (w.) 

The combination of these Gases may also be produced / 
by the electric spark, by a glowing coal, or a red-hot wire ; 
but if the heat of (he«e bodies be below redness, (lie 
combination taket^pla^e gradually and silently. When 
the Gases are in the just proportion to form water, the. 
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Chemistry. detonation is very violent : upon this combination de- 
pends the eudiometer of Volta, and the Philosophical 
experiment of the air-pistol. 

Otibereiner discovered that the sub-oxide of platinum, 
and also the pulverulent metallic platinum, obtained by 
heating the ammonia- muriate, would, if plunged into 
the mixed Gases, condense the Hydrogen in its pores bo 
violently as to become red hot, by which means instan- 
taneous combustion is produced. It has been proposed 
to employ this method also for eudiometry. (if.) Upon 
this property is founded an elegant instrument for ob- 
taining an instantaneous light. 

The intense heat developed by the combustion of Hy- 
drogen with oxygeft has been applied to the construc- 
tion of a blo#pipc for the fusion of refractory bodies, 
and there is scarcely any substance in Nature that can 
resist its action. See Blowpipe, in the Miscellaneous 
department of this Work, or Professor Clarke’s Trea- 
tise on the Gas Blowpipe. (o.) 

Hydrogen uml oxygen may also be made to unite in 
a proportion different from lhat in which they form 
water. See subsecl. 2. 

(287.) E. The union of Hydrogen with chlorine pro- 
ducing hydro-chloric, or as it has long been called, 
muriatic Acid, has been already noticed, chap. ii. 
sect. 2. subject, ti. 0 

(288.) F. See chap. ii. sect. 3. subsect. 1. 

(289.) G See chap. ii. sect. 2. subsect. 3. 

(290.) II. Hydrogen unites with carbon, phosphorus, 
sulphur, selenion, and nitrogen. These compounds, as 
they form proximate elements, will for the most part be 
described at length hereafter, 

(291.) I. Hydrogen forms with potassium two com- 
pounds ; the solid hydro ret discovered by MM. (lay 
Lossac and Thcnard, (</.) and also a Gaseous com- 
pound described by M. Scmentini of Naples. With 
arsenic, also, two analogous compounds are formed; 
the one solid, the other (Iaseous. Tellurium forms with 
Hydrogen two compounds ; the one (Iaseous, TvUuretM 
Hydrogen* whicluhas* acid properties, (r.) tlie other a 
white powder discovered by Hitter, but at present little 
known. 

(292.) K. At ordinary temperatures Hydrogen does not 
act upon the metallic oxides ; nor indeed at any temper- 
ature on those of thtf first class of metals. At a heat 
below redness, it reduces al^ the higher oxides of the 
second class of metals to the state of protoxides. At 
different degrees of heat it reduces all the oxides of the 
other classes fo the metallic stale*; the products being 
tl*e,pure metal and water. 

(293.) L. Hydrogen is principally recognised by its 
property of combustibility, and by its union with oxygen, 
determinable T>v the electric spark in Volta's eudiometer. 

• (294.) M. None. 

# * • 

SubsecL 1. — Water. 

(295.) The Chemical history of this well-known and 
essential (substance, formerly called one of the four 
elements of%he Earth,* possesses considerable interest ; 
both with* regard to its actual properties, and the ela- 
borate researches to which it has given rise. 

l f ure water is a colourless Liquid, having neither 
acent nor taste. It refracts light very strongly, is au 

• imperfect conductor of electricity, imd*a ,vt?ry slow con- 
ductor of heat. It i» now admitted to be a comprcs- 

• ‘«ibie fluid. Its Specific Gravity is called one. 


being made the unit of the scale lor which (he gravity of n. 
all other solid and liquid bodies is referred. Water fa \r 

obtained in the greatest purity by slow distillation ; bti$ ' 
it is also sufficiently pure for many purposes when pjjo- 
cured by melting snow, or by collecting rain water at a 
distance from houses or large towns. One cubic inch 
of water at 60° Fahrenheit and SO 0 in Ber. weighs 
252.525 grains. Its weight is 828 times that of an 
equal volume of atmospheric air under the same cil*- 
cu instances. 

The decomposition of Water may be effected in va* 
rious ways. By submitting it to the action of a Voltaic 
battery, . the two constituent Gases oxygen and hydro- • 
gen may be obtained separately. The same may Be 
performed by a current of electricity from the common 
electrical machine, (*.) * • 

The hydrogen may be obtained in the Gaseous form 
by pussing steam over coils of iron- wire made red hot 
in a gun-barrel, or in a porcelain tube. In this case 
the oxygen assumes the solid form in combination with 
the iron. • 

To obtain the oxygen Gas alone, let a few sprigs of 
mint be plac ed in an inverted jar filled with Water over 
the pneumatic trough ; as long as the vital functions of 
the plant are going on hydrogen is taken up by its 
leaves, pure oxygen Gas is evolved, and is collected in 
Use jar. 

The converse, operation of the synthesis of Water is 
effected by mixing together oxygen and hydrogen 
Gases, and then applying a lighted taper, a piece of 
spongy platinum, or by passing an electric spark through 
the mixture. This experiment requires care, us the* 
detonation of the mixed gases is very violent. 

The just proportion, so as to leave no residuary Gas, 
is one volume of oxygen Gas -j- one volume of hydrogen 
Gas. If a jet ofhydrogen Gas be lighted, pud' then an 
empty glass-balloon be inverted over it, the Water that 
is formed by its union with oxygen will condense in 
drops of Water on the sides of the balloon. It is 
now geneially admitted that Water consists of precisely 
two volumes of hydrogen combined with one volume 
of oxygen, or by weight eight parts of oxygen -f 011 c 
part ot hydrogen ; or, according to the present views 
of the atomic theory, of one atom of each of these ele- 
ments. The atom of Water, therefore, upon the hydro- 
gen scale 9 

Water generally contains within its pores atmo- 
spheric air ; and it is capable of absorbing various pro- 
portions of the different Gases. { t ) It exists also at 
all times in the atmosphere ir^ thtystule of vapour ; the 
quantity differing greatly at different temperatures. 

Pulverulent substances also absorb anS retain consi- 
derable quantities of aqueous vapour. (//.) YVater is 
one of the most universal solvents in Nature. It enters 
a^so frequently into combination with other substances, 
and assumes the solid form ; of this the slaking oflime. 
is an example ; as also the common hydrates of pot.i^U 
soda, &c. wlqch, in appearance, are quite dry. The 
point at which Water has its maximum density is 
generally stated tv) he. 39° Fahrenheit, hut M. Biot 
places it at38°.lf> Fahreuheit. (e.) It congeals at 3:2° 

Fahrenheit, and boils at 212° Fahrenheit, Ber. 30°, * 

but it fiscs .in vapour at much inferior degrees of tem- 
perature. * 

Subsect. 2 . — Heutoxide of Hydrogen oU^dro* 

(29B.) This fcubstunce wa$ discovered by M. The- £ 0,u 
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Chemistry. nard in July 1818* It is obtained from the peroxide 
of barium by a process of such delicacy, that it would 
not fee possible to give, in the limits to which we are 
etpftned, any serviceable outline of it. We must, 
therefore, refer to the original Memoirs of M. Thenard. 
(*>) 

yiic Deutoxido of Hydrogen is limpid, like water ; has 
scarcely any smell. It gradually destroys the colour of 
papers stained with vegetable blues. It readily attacks the 
epidermis, whitens it, and causes a pricking sensation, 
the corfciminnce of which varies in different individuals. 
Applied to the tongue it produces similar effects, together 
* f with a sort of slightly metallic taste. The elastic force 
tfl’ its vapour is much less than that of water, at any 
( given temperature. It will entirely rise in vapour, 
even at low temperatures, though but slowly. Thenard 
was not able to freeze this Liquid by any degree of cold 
that he could produce. It must always be kept 
surrounded with ice, for it decomposes rapidly at a 
temperature of 58° Fahrenheit ; and the heat of boiling 
water *is sufficient to produce an explosion from the 
rapidity of the decomposition. The Specific Gravity of 
this Liquid is 1.425. It will mix with water, but if 
poured gently into that Liquid it pusses through it like 
sirop, From the analysis of JV1. Thenard it appears 
that the Deutoxideof Hydrogen contains twice ns much 
c oxygen as the protoxide ; that is to say, two atoms of 
oxygen = 16 -f- one atom of hydrogen = 1, so that 
the weight of its atom = 17. 

Light does not produce any very marked change upon 
this Liquid. The metals act upon it variously : some 
4 abstract a portion of its oxygen and reduce it to the state 
of water ; others set a part of the ox>gcn free and lake 
the remainder into combination ; while others liberate all 
the oxygen without possessing themselves of any of it ; 
and a few seem to possess iio action upon it whatever. 
The Acids, especially the stronger ones, render the com- 
bination between its elements more firm, By the Vol- 
taic pile it undergoes decomposition like water, as 
must be expected. 

, References to § 2. 

(ra.) Traclatus Quinqve , p. 163. (Jb.) Shaw’s Boyle , 
vol. iii. p. 2J. (<'.) Framer’s Element a l)acwiasia\ 

vol. i. p. 45. and Wasserherg, Inst. Chan . vol, i. p. 
184. ( d .) Phil. Trans. 1766, vol. hi. p. 141. (r.) 
Thomson’s Syst. vol. i. p. 217. (/) Phil. Trans, 

abr , vol. i. p. 169. and Journ. de Mines , vol. iii. p. 13, 
81. (i>.) Vol. v. p. 300. (h.) Donovan, Phil. Ma%. 
vol. xlviii. p. 138. (?.) Berzelius, Qu. Journ. vol. 
xvii. p. 380. An. Phil. ’N. S. vol. viii. p, 829. (/■.) 

Caveudish, PhJ. Trans, vol. lvL; Grothus, A n. dc Ch. 
vol, Ixxxii. p. 37 ; Davy On Flame , Phil. Trans, vol. 
cvi. p. 115 ; Davy, Phil. Ma%. vol. xxxi. p. 3 ; lire, An. 
Phil . vol. xii. p. 3S1. (/,) D.bereiner, An. de Ch. it 

Pfi. vol. xxiii. and xxiv. ; also An. Phil . N.S. vol. ix. p. 
13; Grothus, An. de Ch vol. lxxii. ; Davy On Flame; 
lenry, Phil. Trans . ; Turner, Kdin. Phil. Journ. 1821. 
(hi.) Nidi. Journ. vol. i. p. 129. and vol. iv. p, 23. 
(»*) Biot, Nicji, Journ. vol. xii. p, 212. (o.) Hare, 

An. d£ Ch. vol. xlv. ; Clarke On the (itt* Blowpipe ; 
Skidmore, Silliman’s Journ . vol. v. p. 347, (p .) Journ. 
of Science* vol. ix. p. 182. (</.) lh clinches, vol. i. p. 

176. (r.) Davy’s Elements , p. 410. (v.) Pearson, 

Phil. Tram . 1797. (/.) Dalton, Syst. p. 271. Saus- 

sure, Thomson's An. vol, vi. p. 340 ; Dalton, Thomson’s 
An- vol. vii. p. 215. (tf.) Berzelius, An .de Ch. Vol ^ Ixxxix. 
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p. 118. (o.) BJot, Thomson’* An. vol, ix, p. 434. («&) Part 15. 
Thenard, An. de Ch. et Ph. vote. viii. and ix. of An. '*** v - ** 
Phil. N. S. vols. xiii. xiv. xv. ; Qu. Journ. vols, vi. and 
viii.; Me?n. Acad. Par. 1818; or Thenard Syst. Ed. 5. 
vol. ii. p. 42. 

§ 3. — Carbon . 

(297.) A. Carbon is seen commonly in two forms ; Carbon, 
both which consist of this element in considerable 
purity, common charcoal, and, Che diamond. Unlike 
as these two substances appear to each other, it has not 
yet been proved that they differ, except in the state of 
their aggregation. Newton, by a beautiful generaliza- 
tion deduced from Optical properties, ^inspected the 
presence of a combustible principle in the diamond. 

The experiments of the Florentine Academicians, in ♦ 
1694, and those of others made subsequently, confirmed 
his supposition. (6.) Guyton first showed thut the 
combustible principle was Carbon, (a.) Numerous 
experiments of this sort vere made in different parts of 
Europe ; of these, the best were by Mr. Tennant, 
the late Professor of Chemistry in the University of 
Cambridge, Messrs. Allen and Pepys, and Sir H. 

Davy ; and all tended to prove that, in the combustion 
of the diamond, oxygen is taken up, and that a Gas con- 
sisting of this substance combined with Carbon is the 
product, (e.) Carbon exists, also, in considerable 
quantity in plumbago, a mineral consisting essentially 
of this substance combined with a small quantity of 
iron. It forms the chief element in all vegetable 
matter, and exists in various proportions in several 
animal substances. 

(298.) B, Charcoal is generally now obtained by 
burning heaps of fagot wood in a sort of stack covered 
with turf, or still better by distilling the wood in cylin- 
drical iron retorts : one product obtained by this method 
is the pyroligneous Acid, sold as vinegar and possessed 
of valuable antiseptic properties, (d.) Lamp black is 
u sort of charcoal, being the soot colh.ct.ed by burning 
the refuse resin procured in making turpentine. Ivory 
black is the carbonaceous matter obtained by the incine- 
ration of hones. Coke is a sort of impure charcoal, ob- 
tained by the close combusdon of coal ; and contains 
sulphur with much earthy mailer. Charcoal for Che 
mictil purposes may he obtained by burning box or 
alder-wood, or pieces of ’leather in a crucible covered 
with sand. It may be had in still greater purity by 
incinerating sugar or starch, or by passu.g the vapour 
of turpentine or spirit of wine through a red-hot porce- 
lain tube. Carbon is at present deqmed a simple 
ultimate element. 

(299.) C. Carbon is a solid, even at the greatest ele- 
vations of temperature that we can command in our 
furnaces ; still it seems proved, that by the powers of 
the* Gas blowpipe it may be fused. And sofne recent 
experiments made with the Galvanic deflagrator by Pro- 
fessor Silliman uud others, seem to attest that it is ca- 
pable both of fusion and volatilization, (e.) Charcoal 
is a slow conductor of caloric, hut conduces electricity 
readily. The Specific Gravity of the diamond is 8.52. 

The Specific Gravity of charcoal is generally stated 

much below the truth, in consequence of the porous ^ 

nature of that substance ; but recent experiment*, in 

which that sqprce of error is obviated, have assigned to 

it a Specific Oravity, equal at, least to that of the 

diamond v 



Cbtmwtry. pure Carbon is Insoluble, and ha# neither smell nor 
taste. Charcoal, in consequence of its numerous poreft, 
la capable of absorbing and even condensing within itself 
very considerable quantities of Caseous fluids ; but these 
quantities differ for different Gases. On this point the 
experiments of Saussure seem the most satisfactory ; 
but others will be found by reference, (f) It has also 
a great tendency to iibsorb moisture from the atmo- 
sphere, and in this respect the different woods vary in 
their powers, (g.) 

(800.) I). In atmospheric air charcoal will just burn, 
but a small piece will not keep up a state of combustion 
without a current of air, or the aid of adventitious heat. 
In oxygen, however,*a piece of charcoal, heated pre- 
viously, burns with vigour. The diamond will burn in 
atmospheric air when heated tm a muffle ; and in 
oxygen Gas it continues to support its own combus- 
tion, if previously heated by being placed in the focus 
of a lens. It burns, also, by being thrown into melted 
nitre. The produce of this combustion is Carbonic 
Acid. See subsect. 2. With oxygon, also, another com- 
pound may be formed, to which the name of Carbonic 
oxide may be given. See subsoet. 1. 

(301.) E. If charcoal be ignited in chlorine Gas no 
combination is produced, but, by an indirect process 
Mr. Faraday succeeded in forming two chlorides of 
Carbon, and another such combination has been sub- 
sequently discovered. 

Olefiant. Gas consists of one atom Carbon -j~ one 
atom hydrogen. If this Gas be mixed with an equal 
volume of chlorine, the three elements all unite. From 
this compound the hydrogen may be abstracted by 
treating it with more chlorine, and a true chloride of* 
Carbon results. For the minutin' of the process we 
must refer to Mr. Faraday’s Memoir, {h ) This sub- 
stance Mr. Faraday calls the Verrhhndc of Carbon. 
I( is a solid, pulverulent, or crystalline substance, having 
an odour something like that, of camphor. Its refrac- 
tive? power is greater than that of flint glass. Specific 
Gravity about 2.O.# It does not conduct electricity. 
Its melting point is ty>0° Fahrenheit, and it boils at 
• 360° Fahrenheit. It, is scarcely soluble in water, but 

dissolves in ether or alcohol, and in both the fixed and 
volatile oils. In the flameof a spirit-lamp it burns with 
a |ed light, and supports a vivid combustion in oxygen 
► tias. It is not readily afloejed by either Acids or 
alkalis, but the metals decompose it, abstracting its 
chlorine. Chlorine Gas does not affect it, but iodine 
and hydrogen decompose it. Its composition is stated 
ut thr^e atoms of chlorine -J- two atoms of Carbon. 

(302.) By pussing the vapour of the substance just 
described over fragments of rock crystal in a red-hot 

? la»s tube, a partial decomposition is effected ; one 
ortion of chlorine escapes, and a liquid Chloride of 
Carbon, coftjainiqg one atom of each of its elements, 
condenses in the cooler parts of the tube. The Speci- 
^ ^f l tvity of this fluid is«1.5526. Tts refractive power 
• 1.4875. It is perfectly limpid, and is not combustible 

per nc, but burns in the flame of a spirit-lamp. It re- 
mains fluid atv0 o Fahrenheit ; rises in vapour between 
1(K)° and 170° Fahrenheit,. It does not mix with 
water, but dissolves m ether and alcohol ; is unaffected 
by Acids or alkalis ; but is decomposed at high temper- 
atures by oxygen, hydrogen, and the metals. 

(303.) The sub-chloride of Carhofi was brought to 
Ettgland from Sweden tyM, Julip of«Abo, in Finland, 

• ^ pe u formed accidentally during the distillation 
♦ ' yot. iv. , . 1 * 


of nitric Acid from Wire And stifokttte of iron ; s 
This substance is in the form of soft white fibres, Ibfco* 
luble iu water; not acted upon by boiling Acids or 
alkalis ; soluble in heated turpentine, and also in alco- 
hol ; but most of it again separates in a crystalline form 
as the Liquid cools. It sublimes slowly at 250° Fahren- 
heit ; but fuses, boils, mid is volatilized between 850* 
and 4;>0° Fahrenheit* Potassium burns in its vapour, 
with deposition of the Carbon. It is decomposed by 
passing over fragments of rock crystal heated 1 9 red- 
ness. From the analysis of Messrs. R. Phillips and 
baradav, it appears to consist of one atom chlorine 4" 
one atom Carbon. * 

(304.) (Ji! or o- carbonic Acid. This name is now 
applied to a Gas called by Dr. I)av\, its discoverer, 
Phosgene Gas, from the mode of its preparation. When 
equal volumes of chlorine and Carbonic oxide Gases are 
made perfectly dry and exposed in a flask for a quarter 
of an hour to bright sunshine, the green colour disap- 
pears and a condensation of one half the volume Jakes 
place. This Gas lias a very pungent odour, reddens 
litmus paper, is decomposed by water into wnuriatic 
and Carbonic Acid Guscs. It forms a Salt with ammo- 
nia : thus affording the rare instance of a simple base 
united to two acidifying principles. Its constitution is 
one atom Carbonic oxide -f* one atom of chlorine. fA\) 

. (605.) F. Unknown. 

(306.) G. Undiscovered. (/.) 

(307.) II. With the substances under this head Car- 
bon forms most .important combinations, which will for 
the most part be noticed hereafter. The compound of 
Carbon with nitrogen is called Cyanogen. See sect. 
S. subseet. 7. Its combinations with hvdmgen will be 
found in subsect. 3, 4, 5, 6, 7, and 8, ami a curious sub- 
* ‘Mice formed by its union with sulphur, iu Mel. 6. 
subsect. 7. t 

(308) I. With the ^metals Carbon forms several 
compounds. Those with iron are of first-rate importance 
in the Arts. Plumbago has been already mentioned, 
Steel, iu all its various forms, consists essentially of 
iron united to Cm bon. 

(300.) K. The distinguishing characteristics of Car- 
bon are, that it is solid, insipid, inodorous, fixed under 
ordinary processes, and (the diamond excepted) black. 
By combustion with oxygen itfoims Carbonic Acid*a 
substance l caddy recognised. 

(310.) L. The uses of Carbon are as a fuel ; in the 
manufacture of gunpowder ; as a pigment ; in the for- 
mation of steel ; for the pioduetiou of coni Gas for the 
purposes of illumination; as abolishing powder. It 
has also a \ery singular power of depriving nmuv sub- 
stances of colour, and of rendering them inodorous. The 
principle of its action in these cases is by no means*well 
understood, (m.) ft is highly antiseptic, and hence it 
fornyt a good tooth-powder ; it will remove the smell 
from tainted meat ; and water may be preserved pure in 
long sea Voyages by charring the inside of tin* casks. (//.) * 

• i 

Subsect. 1. — Carbonic Oxide . 

(311.) Hie discovery of this Gas was made by* Dr. 
Priestley, who obtained it from the distillation of char- 
coal with Oxide of zinc. Its properties were more fully 
developed , by 'Mr, Cruickshatik* (o.) and subsequently 
by 3VTM. Clement and Desormes. (p.) The associated 
Dutch Chemists proposed a different view of its nature, 
(<?•) which, however, has proved erroneous. It may bo 
obtained ; — • ■ \ 

4 a 
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Cnemistiy* , q,, By distilling one part of charcoal with eight parts 
«— of, Qflride of zinc in an earthen or coated glass retorts 
Pinery cinder* which is iron in a low decree of oxida- 
tion, may be used instead of the Oxide of zinc. 

’ 2. By transmitting Carbonic Acid Gas over ignited 
charcoal in a porcelain tube : a convenient apparatus for 
the purpose is described by M. Baruel. (r.) 

3. By distilling dry Carbonate of lime or barytes 
with one-fifth its weight of charcoal, or with dry iron, 
or zinc filings. 

t The Gas so obtained must be purified by agitation 

with lime water, or solution of a caustic alkali. 

\ r Carbonic OStide has an unpleasant smell : it is in- 
tlanimuble, burning with a blue flame. Mixed with half 
/' its volume of common air it forms an explosive com- 
pound* which may be ignited by u hot wire, or n piece 
of lighted charcoal. It is lighter tbau common air. Its 
action with oxygen* when in contact with spongy pla- 
tinum, is described by Dr. Henry, (.t.) This Gus is but 
slightly soluble in water, and does not cause any preci- 
pitate in lime water. It is noxious to animal life', (/.) 
When 1^0 measures of Carbonic Oxide 4* 50 measures 
of oxygen Gas are fired by electricity in Volta's eudiome- 
c ter, 100 measures of pure Carbonic Acid result. Carbonic 
Oxide, is decomposed by potassium, the metal seizing 
upon the oxygen and Carbon being deposited. It is 
also decomposed under similar circumstances by being 
passed through an ignited tube together with hydrogen 
Gad. Carbonic Oxide consists of half a volume of 
oxygen -f- one volume of gaseous Carbon condensed 
into one volume; or one atom of oxygen -f* one atom 
of Carbon, 

Subsect. 2 . — Carbonic Acid. 

« 

(312.) t A. Carbonic Acid was discovered by Dr. 
Black iii 1757. lie obtained it from common lime- 
stone or magnesia, ai^tk gavo tft it the name of Fin d 
Air . (m) lie recognis^Palso its formation during com- 
bustion, fermentation, and respiration. Carbonic Acid 
exists in small proportion in the atmosphere, and has 
* been found by Saussure on the summit of Mont 

Blanc ; also by Humboldt, in air collected byGarnerin 
in a balloon sit the height of several thousand feet above 
the surface of the Earth. Vogel, however, states that a 
* < portion of air collected at sea, only two leagues from 

the shore at Dieppe, contained a quantity ho small as to 
be almost inappreciable, (v.) Mr. Dalton estimates the 
quantity existing in atmospheric air at about one thou- 
sandth of the volijinu. Saussure, jun., on experiments 
made near Geneva, at 4.79 parts in J 0,000, in the 
month of January, and at 7.18 parts on an average in 
the same quantity, in the months of July and August. 

In old wells and similar places it is frequently gene- 
rated in such quantities as to he fatal to tiny animal 
that enters such an atmosphere ; it is then commonly 
«. called Choke Damp. It exists naturally in a curious 
though small cavern by the side of the Lugo d’Agnano, 
in Italy ; a district entirely volcanic ; where it is mixed 
with sulphurous exhalations. Many mineral waters 
contain it in considerable quantities ; such are those 
of Tunbridge, Carlsbad, Belize, Pyrinont, and many 
Others. United with lime and magnesia it forms 
some of the .most extensive rocks of Which, this Earth 
consists. It is this substance which gives the agreeable 
briskness to beer, cider, champagne wines, and other 
fermented liquors. * 
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(313.) B. Carbonic Acid is readily procured by mlt* PwM* 
ting a few small lumps of marble or chalk into a Gas botr 
tie, and pouring upon theta rither sulphuric Acid diluted 
with six times its weight of water, or muriatic AcM* 
which is still better, and inay be rather more diluted. 

The Gas disengaged may be received in jars over the 
mercurial trough, or even over water, though in this 
case some is absorbed by that Fluid. The composition 
of this Gas is best shown by exhibiting both Us synthe- 
sis and analysis. By the combustion of a known weight 
of charcoal or of diamond in oxygen Gas, a quantity of 
Carlwnic Acid Gas is generated, which maybe weighed 
or otlierwise estimated ; and lienee the quantity of 
oxygen taken into combination may be ascertained. 

On the other hand, its analysis may he effected by • 

various methods. 

1. By pussing a succession of electric discharges 
through a quantity of Carbonic Acid Gas confined over 
mercury, Dr. Henry found that it was decomposed into 
Carbonic oxide and oxygen ; and when all excess of 
Carbonic Acid is removed, the remaining mixed Gases 
nmy be again united by the electric spark, so as to re- 
produce Carbonic Acid. (<r.) 

2. By heating potassium in Carbonic Acid Gas, 

Davy found that the metal took to itself oxygen, and 
that Carbon was deposited. 

8. By heating phosphorus in Carbonic Acid Gas, no 
decomposition is produced ; but Mr. Tennant found 
that if the vapour of phosphorus were passed over small 
fragments of Carbonate of lime made red-hot in a 
coated tube of glass, decomposition takes place ; phos- 
phoric Acid is formed, and Carbon is found as a black 
powder mixed with the marble, (r.) 

From these and such processes it is ascertained that 
Carbonic Acid consists of two atoms of oxygen -J- one 
atom of Carbon : or, according to Gay Lussac's views, 
of one volume of Gaseous Carbon -f- one volume of 
oxygvn, condensed into one volume. 

(31 4.) O. Gaseous Carbonic Acid has the following 
properties. It instantly extinguishes Vlmne, and is quite 
fatal to animal life. It is heavier than common air; 
having a Specific Gravity of i.5i?778. It is absorbed 
by water, and the quantity so taken up is in proportion 
to the pressure employed. From such wuler it is again 
expelled by boiling, by the exhaustion of an air-pumo, 
or by the freezing of the water. When moisture is 
present, it reddens vegetable blue colours. It is highly 
antiseptic, preventing the putrefaction of animal sub- 
stances immersed in it. 

Curhouic Acid has been exhibited in a liquid ( sf ate 4 

by Mr. Faraday. This excellent Chemist procured it 
in this form by disengaging it from Carbonate of ammo- 
nia, under the violent compression of' a sealed tube, 
one end of which was placed in u freezing mixture. 

The Liquid was a. colourless Fluid, floating upon sul- 
phuric Acid and wuter contained in the' tube. It distils 
rapidly over at a temperature below 32° Fahrenheit. 

Its refractive power is much below that of water. The • 

pressure under which this Fluid termed was found to 
be thirty-two atmospheres, * J 

The action of the other elementary bodierf upon Car- 
bonic Acid has been but little examined, so that wo 
here pass on to the principal purpose for which it is 
prepared. Soda water, as it is called, consists of \ 

water strong^ ‘impregnated with this Gas, and is both ,* 

formed and preserved underc considerable pressure* 
which is never removed until the bottles are opened for 
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Ch^ttitty us te. It is obtained from the action of sulphuric Acid 
: '***ty^ updo chalk ; itOd sometimes a small quantity of alkali 
has been dissolved in the water to render it more tena- 
cious of the Gas which it absorbs. 

Compounds of Carbon and Hydrogen, 

So numerous and varied are the compounds of Carbon 
and Hydrogen, which have beeh obtained by Chemical 
processes, that some Chemists have been led to suppose 
that these two elcments’are capable of uniting hi almost 
an indefinite variety of proportions. It is, however, 
much more probable, that these Gases are, in fact, 
only admixtures containing different quantities, of two 
or three well-defined combinations. There is also this 
peculiarity in the compounds fthich we are about to 
notice; that Gases differing in properties arc produced 
by the very same proportionate combination of (he two 
constituent elements. The only appreciable difference 
in their constitution is, however, one which we might 
readily suppose would produce a very marked eifect 
upon the combination formed ; viz . that the decree of 
condensation undergone by the Gaseous elements in 
one case, may be double or triple of that which they 
suffer in another case, though a Gas be still the result. 
Thus, if the \icws of Mr. Dalton Jw correct, one atom 
of Carbon -f one atom of Hydrogen produces olefiant, 
Gas ; and three atoms of Carbon -f three atoms of 
Hydrogen produce supcrolefiant Gas ; both the com- 
pounds presenting only one volume of resulting Gas. 

We shall here notice in succession, the various 
desciibcd compounds of Carbon and Hydrogen, 
though our information concerning them is at present 
far from being full and satisfactory ; some resting on 
much stronger evidence than others. They are as 
follows : 


Liffhl CarburettvclH ydrogen . 

Olefiant (ms 

Supeioleh.iut Gas (04 Gas \) 
Hicurburet of Hydros'll ..." 
A Liquid not nnmml ( farad*! y) 

Nafta of Coal Tar 

Naftalme . 


Aloim or vols 
</t ( 

; 2 

d 3 

. (3 

4 

.. H 


Atom*. or \oU, 
of 


1 volume. 

1 volume- 

1 volume. 

Liquid. 

Liquid. 

Liquid* 

Solid. 


fyubscct. 3. — Light Cafbvf e/fed Hydrogen. ( Heavy ln- 
* flammable Air : Inflammable Air of Marshes : Hy- 
dro- coffin ret ; Proto-cur buret of Hydrogen : Bihydro - 
guret of Carbon , of Thomson.) 

m « 

» • 

(3Ji5.) Mr. Dalton was the first to examine this Gas 
with care, though it was known to Priestley and Cruiek- 
Hlianks. It may be obtained by disturbing the mud at 
the bottom of Any stagnant pond, from which it rises 
•in bubbles through the water, and is to be collected in 
a jar or bottle^as usual. Thus obtained it contains 
about five per cent, of carbonic Acid, and rather less 
nitrogen. It may also lie obtained from coal Gas, of 
wnich it forms a part, by removing other Gaseous pro- 
ducts with which it is mixed. 

This Gus flhs neither “.scent nor taste; it extinguishes 
burning bodies, and is itself combustible, burning with 
a bright yellow flame. It is not decomposed by being 
passed through moderately heated tubes, Chlorine 
aided by light decomposes this Gas, if moisture be 
present ; the Hydrogen unites with fh$ chlorine to 
form muriatic Acid ; and the nxygey and carbon pro- 


duce carbonic Acid or cajbonicotide, aocording to 
tlie proportions employed. By exposing the mixed 
Gases to electricity or to a rCd beat* hydrochloric Add 
is formed and Carbon deposited, (y*) * 

(316.) From the researches of Dr. Henry, it was first 
clearly ascertained that the Fire Damp of coal mines is 
chiefly this Gas. Its formation takes place spontane- 
ously in the beds of coal; it then collects in cavities, 
and becoming mixed with atmospheric air, it forms that 
highly ex plosive compound, which lights by the approach 
of a candle and causes frequent melancholy accidents in’ 
min^s. 

Tlu* researches made by Sir II. Davy* and the resul| 
of them, must be considered as among the most Striking 
and beneficial applications of Chemical Science to the 
purposes of life. lie first ascertained that when the 
inflammable Gas is mixed with three or lour times its 
volume of air it is not explosive. When mixed with 
five or six times its volume it detonates feebly; but 
powerfully when the proportion is one to sevyn or 
eight : it ceases to be explosive when more than four- 
teen times the volume of common air is niixcd*with it. 

With regard to the temperature at which the mixed 
Gases will unite, it was found that iron at even white 
heat, was insufficient, hut lhat any flame, however small, 
would cause the Gases to explode. 

•ft had been shown by Professor Tennant, in his Lec- 
tures at Cambridge in 1814, that flame would not 
traverse tubes of small diameter: (r.) but there is no 
evidence to prove that Sir II . Davy's researches were 
directed by a knowledge of this fact, though it is not 
improbable that he was acquainted with it. However, 
proceeding in his experiments, he found that not only 
extremely short tubes but even a net of wire gauze was 
sufficient to interrupt the course of flame : and he 
made the admirable application of this principle to the 
construction of the Safety Lamp. This instrument 
consists of a lamp of the cqtfNtton construction, hut 
entirely surrounded with a caM of wire gauze. When 
the miner, guided by this lump, arrives in mixed air of 
such quality as to be explosive, the flame of the wick 
at first enlarges, and should the Gas within the lamp 
lake fire, it extinguishes the flume of the lamp and the 
miner must withdraw : for although no flame passes 
through the apertures of the gauze to ignite the Gas»of 
the mine, yet in a short time the iron net may he 
destroyed by the intense heat within. Some lamps 
have been made with a sort of cage of platinum wire 
hanging over the wick. The effect of this is, that should 
an explosion lake place within .the Jump, so us to ex- 
tinguish it, the platinum wire become*} sufficiently 
heated to continue to glow' at a red heat by the silent, 
combination that is being produced between the Gases 
of tlie explosive compound, and thus to afford the rnhicr 
a feeble light for his escape. ( aa .) 

* 'Ibis sort of action may he elegantly exhibited by 
twisting a few coils of platinum wire round* the wick of 1 
a spirit-lamp, so, that the jive or six last turns of the wire 
stand about one-fifth of an inch above the wick. The 
lamp is thus lighted, and when the wire istred-hot t muy 
be suddenly extinguished. The platinum will continue 
to glow for many hours in con*eqm^ice of the slow com- 
bustion which it produces between the vapour of the 
spirit and ‘the Atmospheric air. ( bb .) 

This Gas consists of carbon one atom + Hydrogen 
two atoms, . , ' .* 

4s 2 . ' 'V 
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Ohercwiry. Suhacct. A.— Olefiant Gas. (Bicarburetted Hydrogen : Faraday carefully cxarmoedtha Fluid which came oyer ftut-tt r 
Pfir-mrburelUd Hydrogen: Hydroguret of Carbon* at that temperature IW various precautions lie that Ws,*^ 
TAomatw.) obtained the Fluid which he calls the Bicarburet^ot 

* Hydrogen. 

OlffiantGss. (B17,) The discovery of this Gas was made by the It is a colourless transparent Liquid, having a Specific 
associated Dutch Chemists in 1796* They named it Gravity of 0.S5 at 60° Fahrenheit. It congeals at 32° 

Olefiant Gas, from its property of forming an oil-like Fahrenheit, and boils at 1B6°. It is slightly soluble in 

substance with chlorine. water, but readily so in fixed and volatile oils, ether, or 

To obtain it, let three measures of strong sulphuric alcohol. It burns with a bright yellow flume. Potassium 
Acid be distilled with one measure of alcohol in a glass does not obtain any oxygen from it. It is decomposed 
f retort by a very gentle heat. The Gas may be collected by passing its vapour through a ,T red-hot porcelain tube* 

over water and freed from carbonic Acid by a solution by which carbon is deposited and Carbnrctted Hydro* 

( pf caustic potassa, gen escapes. According to Mr. Faraday’s Analysis its 

Olefiant Gas has a slight odour of sulphuric ether, constitution is six atoms of carbon + three atoms of 
r which is formed during its production. It burns with Hydrogen. ,» 

a flame much more luminous than that of light curlm- < 

retted hydrogen, and it detonates violently when mixed SubsccL 7. (Faraday.) Quadro-earbu- 

with oxygen in Volta’s eudiometer. * retted Hydrogen of Thomson . 

When equal quantities of Olefiant Gas and chlorine 

are ipixed togethei, the volume immediately diminishes (320.) Another combination also of carbon and hy- 
and a substance is formed resembling oil in its appear- drogen was recognised by Mr. Faraday, but he did not 
unco, liuL being more like an ether in its properties, propose a name for it. It is obtained by heating in the 
To obtain it quite pure, it should be washed with water, hand the condensed Liquid obtained from oil Gas, 
f and then distilled over from dry chloride of calcium, and suffering the vapour thus raised to pass through 
This liquid boils at 152° Fahrenheit. Its Specific tubes cooled down to zero Fahrenheit. A Liquid is 
t Gravity at 45° Fahrenheit =: 1.2201. It consists of thus condensed which boils upon a very slight elevation 
equal volumes of the two elements, chlorine and Olefiant of temperature ; and beloie the thermometer rises to 
Gas, or of two atoms of the latter to one atom of the 32° Fahrenheit it is wholly reconverted into vapour, 
former. Dr. Henry proposes to call it Hydro-chloride This vapour burns with a brilliant flame. At 60° 
of Carbon, which seems a very appropriate name, (cc.) Fahrenheit and bur. 29.94 it has a Specific Gravity of 
A compound somewhat analogous, limned of iodine about 1.9065. The Specific Gravity of the Liquid is 
and Olefiant G;is, is described by Mr. Faraday, (dd.) 0.627 ; so that it is the lightest substance known among 

Another combination of the same substances was dis- Liquids or Solids. 

covered by M. Serullas. (r<\) It appears that this substance consists of four atoms 

of carbon 4- four atoms ol Hydrogen ; and that in Us 
Subsect. 5. — Supcrolcfiant Gas. (Dalton.) state of vapour eight volumes of its constituents in the 

Gaseous slate me condensed into one volume. 

(318.) Under such respectable authority us that 
of Mr. Dalton and Dr. Henry, we cannot omit to Subsect. 8. — Nafta from Coal Tar. 

mention a Gas discovered and so named by the for- » 

mer Chemist. We are very sensible that these com- (321.) During the distillation of Coal Tar, this volu- 
pounds of carbon and hydrogen are by no means fully tile Liquid is condensed, and h as-reccivcd its name from 
understood; and therefore there is the greater need to its similarity to mineral Nafta. It is highly inflammable 
call the attention of Chemists to the point. and has a strong empyr* nmntic odour. l)r, Thomson 

fc ,Mr. Dalton adduces very strong evidence of the says that the vapour of this Lqiqd “ requires nine times 
presence of this Gas among the various products ub- its volume of oxygon Gas to condense it completely ; 
lamed by the distillation of oil and coal ; but he has not and when one volume of it is consumed iu this way, 
ns vet exhibited it in a separate form. Dr. Henry there remain behind six volumes of Carbonit^Acid Gas 
states that it must be a permanent Gas at our tempera* as a residue.” He states, also, that * liis vapour ** is 
tures, and not a vjtpoqr, for he w as unable to condense not. condensed bypassing it through water.’’ Thus 
it by artificial cold. He considers it as composed of it consists of six atoms =s six volumes of carbon’ va- 
three volumes of the vupour of carbon and three volumes pour -j- six atoms = six volumes of hydrogen, eon- 
of hydrogen condensed into one volume, (ff) densed into one volume of vapour, (gg*) 

Subsect. 6. — lUcarburet of Hydrogen. (Faraday.) SubsccL 9. — Naphthaline. 

(319.) There is an instrument called Gordon’s por- (322.) The substance to which this name has been 
table Gas lamp, consisting of a cylindrical copper ves- given was first brought into notice by Mr. Gordon in 
nel* into which oil Gas is forced and compressed with 1820. (Jih.) It also is obtained from the nafta of coal 
a power equivalent to thirty atmospheres. During the tar by very gentle distillation. „ The nafta, at first passes 
process of compression a considerable quantity of Fluid over in consequence of its greater volatility, and the 
is condensed, and feumin,s a Liquid at the ordinary Naphthaline afterwards rises in vapour and condenses 
atmospheric pressure. As thus obtained it boils ut 60° upon the neck of the retort, in the form of a white 
Fahrenheit; but the temperature gradually .rises, and crystalline Solid. Crystallized Naphthaline is rather 
the whole is not dissiputed under a temperature of 250° heavier than water, has*a slight and not unpjeasmg 
Fahrenheit. In consequence of the boiling point np- odour, and k nacreous appearance. It fuses at 180 J 
peering m$re steady between 176° add J90°, Mr. Fahreuheit, and boils at 4 10° Fahrenheit, Naphthaline 
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Chemistry. Si foot readily inflamed, but when owe net on fire it 
bums freely with much smoke; It is little soluble in 
either cold or hot water, but readily so in alcohol, 
ether, olive oil, or turpentine. The alkalis do not 
affect it, but acetic and oxalic Acids dissolve it, and 
form pink-coloured solutions* Sulphuric Acid combines 
With It to form a new compound Acid which Mt. 
Faraday has called the Sulpho-Naphthalic Acid, (it.) 
Dr, Thomson analyzed Naphthaline, and supposes it to 
Consist of an atom und a half of carbon and one atom 


' An. equal 'quantity, of .oil, a&n*" : ■; 

sumed In an Argand hthip, will cost- 6 fl* 

Ditto from whale oil Gas, ........... , . 0 ’ 4’| >• • 

Ditto from coal Gas 0 fi| 

For further particulars on this subject, consult refer- 
ence (nn.) v but especially the Papers, of Dr. Heqry* 
and tlie very able Essay by Drs. Turner and ChrtetispiU 

* 

References to § 8. 'i 


of hydrogen. The properties of this substance have 
been Chiefly made known, by a very able Memoir on the 
subject by Professor Kidd of Oxford. ( kk .) We have 
in this subsection adhered to the spelling made use of by 
Dr. Kidd, buWtisually we have followed the spelling of 
Nafta, proposed by the late anliable and distinguished 
traveller Dr.E. D. Clarke. Consult also ref. (ii) und the 
very important remarks of Professor Thomson in his 
First Principle t, vol. i. p. 150: but it must be acknow- 
ledged that the whole of this subject requires further 
investigation.^ # 

Gas Light 

(323.) The honour of having first introduced the 
carburets of hydrogen for common purposes of illumi- 
nation seems due to Mr. Murdoch. The Gas is ob- 
tained by heating coal or oil in iron retorts; and, if 
necessary, the (las evolved undergoes various processes 
of purification before it arrives at the large gasometer, 
iu which it is kept for the supply of the numerous and 
distant burners wherein it is consumed. All statements 
tend to show, that* the Gas thus evolved consists of a 
mixture of the several carburets of hydrogen, and that 
iu very variable proportions. As fir^t produced, there 
is also carbonic Ac id, hydrogen, sulphuretted hydrogen, 
and some nitrogen ; all which are injurious to the ulti- 
mate purpose of the manufacture. It appears quite 
certain, the goodness of Gas varies directly iu propor- 
tion to the quantity of* those Gases present, which con- 
tain the largest proportion of carbon in their constitu- 
tion. Thus, olefiant* Gas, supCrolefiant Gas, and the 
vapours of naphthaline, are far more serviceable for 
illumination than the light carburet of hydrogen. 

The Gas from cmtmufli coal is least expensive, but 
• ft requires more trouble for its purification, and is by 
no means so luminous as tlufOas from oil. The Gas 
from . canal coal is still better, in consequence of 
the larger prAportimf of bituminous matter watch it 
Contains. Hut oil Gas is the best of all ; it gives a 
brighter light, and does not require ho extensive an 
apparatus for its production. 

Mr. Branded made some experiments on the respec- 
tive* illuminating powers of different Gases, and con- 
cluded, that to produce a light equal to that of ten 
wax candles fu^one hour, there were required 

• 2000 cubic inches of olefiant Gas. 

4875 oil Gas. 

lityao coal Gan. 

It is, however, more near the truth to consider oil 
Gas os about equal in power to twice its volume of 
coal Gas. The following is an estimate of comparative 
expense by the late Mr. Cre^hlon of Cjlasgow. 

Valuing the quantity of light given by l’lb. of 
tuflow candles at : . . .* . , t It. 0 d. 


(a.) Guyton, Aiu de Ch . vol. xxxi. (6>) Averanf, 

Giorn . Lit. (CTtalia , vol. viii. Art. 9 . ; Lavoisier, Opusc. 
vol. ii. ; Mackenzie, Nich. Jour . 4to. Vol. iv. p. U>j. # • 
(c.) Tennant. Phil. Tram. 1797 ; Allen and Pepys, 

Phil. Trans. 1807 ; Davy, Phil . Trans. 1814 Lavoi* • 
sier, Mem. Acad. Par. 1781. ( d .) Parkes, Cheat. 

Essays, vol. ii. p. 271. (r.) Sillirnan, An. Phil. N. S. 

vol. iv. p. 1 19 ; Griscom, Amer. Jour, of Science* 
vol. v. p. 301. (f) De Lametherie, Jour, de Phys. 

vol. xxx. ]). 309; Moroz zo, Jour, de Phys. 1783, ft 376 ; 

Nich. Jour. vol. ix. p. 255. and vol. x. p, 12; Rouppe 
and Van Noorden, An. de Ch. vol. xxxii. p,«3 ; Saus- 
sure, An. Phil. vol. vi. p. 241 and p. 331. (g.) Allen 

and Pcpys, Phil . Tram. 1807. ( h .) Faraday, Phil. • 
Trans. J821. (*.) Julin,y4/t. Phil. N. S. vol. i.p. 216. 

(A*.) Davy, Phil. Trans. 1812. p. 144. (/.) Davy, PhA. 

T^ans. 1814, p. 504. (m.) Crell’s Chcm, Jour. vol. ii. 

p. 105, 183, 237, 270, and vol. hi. p. 270. ( n .) Nich. 

Jour. vol. xv. p. 220. (o ) Nich. Jour. 4to. vol. v. 

(/>.) An. dc Ch. vol. xxxix. p. 20. (q.) An. de Ch. 
vol. xliii. (r.) Nich. Jour. vol. xi. (s.) Phil. Trans . 9 
1S24, |>. 271. (/.) Phil. Mag. vol, xliii. p. 367. (u.) 

Thesis de Magnesia Alba. ( v .) An. Phil. N. S. vol. vi. 
p. 75. (w.) Phil. Trans. 1809, p. 448. (,rA Tennant, 

Phil. Trans. 1791, p, 182; Pearson. Ph it Trans, 1792, 
p. 2S9. (y.) Henry, Nich. Jour. vol. xlx. ••Thomson, 

Mem. If 'em. Soc. vol. i. p. 500; Davy, Phil. Tram. 

1810; Henry, Nich. Jour. vol. xi. ; An. Phil. vol. xiv. 
p. 335. (z.) Clarice, On the Gas Blowpipe , p. 

(aa.) Davy, History of the Safety Lam]), 8vo. Lond 
1818. (bb.) Thomson’s An. vol, ix. (cc.) Thomson, 

Mem. IVern. Soc. vol. i. ; Robiquel and Colin. An. dc 
Ch. cl Ph. vol. i. and ii. ( dd .) Phil. Trans . 1821 ; 

Jour, Boy. In. vol. xiii. p. 429. (ee.) An. de Ch. ct 

Ph. vol. xx. and xxii. (ff.) Henry, Phil. Trans. lf*2l, 
p. 150. (i»g.) First Principles , vol. i. p. 152. (hh.) 

An. Phil. vol. xv. p. 17. (ii.) Phil. Trans. 1826 

(kk.) Phil. Trans. 1821. (It) Braude, Quart. Jour 
Science , vol. viii. and An. Phil. N. S. vol. vi. (mm.) 

Phil. Trans. 1808. ( tin .) 1 leery, •Nich. Jour. 1805; 

Phil. Trans. 1808, 1820, 1826 ; Manch % Mem . N. S. 
vol. iii. ; Creighton, Art. Gas Light &vp. Enry. Brit, ; 
Turner and Christison, Edinb . Phil. Jour . 1825. « 

$ 4. — Boron. (Bore t Thenard ; Boracium, Davy.) 

(324.) A. “The saline substance called Borax has* 
long been fmniljur to European artists, being employed 
to facilitate the fusion of the precious metals, and iu 
the formation of artificial imitations of, the precious 
stones, It comes from the East Indies, and is said to 
be found chiefly in certain, lakes in Thibet and China, • 
Tlie word Bprn\ occurs first in the writings of Geber, 
an Arabian Chemist of the Xth century. In the year 
1702, Homberg, by distilling a mixture of Borax and 
green vitriol, obtained *a peculiar substance in small 
white thinuig plates, which he called sedative* or nar* 
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Chemistry, cotic mU* w& which was considered ns an efficacious 
remedy iti continued fevers, (a.) Lemery the younger* 
in the year 1727, found that this substance could be 
eeynrated from Borax by the mineral AcidB. (6.) In 
1781 1 Geoffroy ascertained that sedative Salt gave a 
green colour to the flame of alcohol ; and that Borax 
contains in it the same alkaline substance that consti- 
tutes the basis of common salt, (e.) In 1752, Baron 
demonstrated by satisfactory experiments that borax is 
composed of sedative salt and soda, (tl.) Sedative 
^ Balt was found to possess the properties of an Acid ; it 

was therefore called Boracic Acid : but the composition 
• r of tins Acid remained altogether unknown. (Veil, in- 
deed, published a set of experiments on it in the year 
< 1800, in which he endeavoured to show, that its basis 

was a substance very similar to charcoal in its proper- 
ties. (c.) But when his experiments were repeated by. 
Sir H. Davy they did not succeed. Davy, in the year 
1807, exposed a quantity of Boracic Ac id to the action 
of the Galvanic Battery, and observed that a black 
mattefr was deposited upon the negative wire, which be 
considered as the basis of this Acid, hut he did not pro- 
secute the discovery further at that time. In the sum- 
( iner ol 1808, MM. Gay Lussnc and Thenard succeeded 
in decomposing this Acid by heating it in a copper tube 
with potassium. They examined the properties of its 
1 base, to which the name of Boron has been given, urtd 
published a detailed account of these properties, (f.) 
Dnvv, in 1800, decomposed the Acid by the process 
of the French Chemists, and published likewise an 
account of the properties of Boron.” (g.) 

’ (8:25.) B. “ Boron may be obtained by the following 

process. One part of pure Boracic Acid, previously 
melted and reduced to powder, is to be mixed with two 
parts of potassium, and the mixture put into a copper 
or iron tuhj*, and gradually heated till it is slightly red, 
and kept in that state lor some minutes. At the tem- 
perature ol 300° the decomposition begins, and the 
mixture becomes intensely red-hot,* as may he perceived 
by making the experiment in a glass tube. When the 
tube is cold, the matter in it is to be washed out with 
water, the potash formed is to he neutralized with 
muriatic Acid, and the whole thrown upon a filtre. The 
Boron remains upon the filtre, and may be wushed and 
dried in a moderate heat.” (//.) Dr. Thomson, however, 

* r recommends avoiding the use of a filtre by washing the. 

Boron in a glass vessel, repeatedly drawing off the 
liquid with a syphon after the Boron has been allowed 
to subside. 

(326.) C. Boron hai? neither scent nor flavour ; its 
colour is nil olive brown ; it is not soluble in water* 
ether, alcohol^ or oil, even assisted by heat; it is infu- 
sible, and in close vessels remains unchanged. When 
first prepared it does not sink in sulphuric Acid of 
Specific Gravity 1,844 ; but after having been strongly 
. heated it sinks rapidly through that Fluid. It is a non- 
-conductor of Electricity. Heated in water to HO'’ 
Fahrenheit it does not decompose that Fluid, 

(327.) D. At ordinary temperatures it does not 
undergo ntiy change in atmospheric air or oxygen Gas ; 
but at a temperature below 6O0' J Fahrenheit it under- 
. goes a rapid and vivid combustion. The process, how- 
ever, is not altogether complete, for as Boracic Acid, 
the product of (his combustion, is fusible' each globule 
of Boron becomes coated with the vitrified Acid, and a 
‘ nucleus of the base remains uiioxidized. For Boracic 
AcMt subaeaL 1. ■ ■ 


isn’t 

(328.) E* According to Davy, when Boron i« heated 
in chlorine Gas, the substances unite, evolving a MU * t ***!**lf 
liant white flame ; a white sublimate condenses on the 
sides of the vessel in which the experiment is made* and 
the Boron receives a white coating, which on being 
washed off proved to be Boracic Acid. (g. p, 41.) Oh 
the other hand, Gay Lussac and Thenard state that 
Boron is not sensibly affected by dry chlorine Gas. (t.) 

(329.) F. With fluorine Boron unites to form a 
powerful Acid, the Boro-fluoric already noticed. (124.) 

(330.) (i. Un examined, ** 

(331.) II. Sir II. Davy could not unite Boron to w 
nitrogen, (g. p. 42.) nor was he more successful hi his 
attempts upon hydrogen. Gindin*, however, effected 
this in the following manner. He exposed a mixture 
of four parts of iron fUjngs, with one part of Boracic 
Acid, to a full red heat for half «an hour in a crucible. 

The fused mass dissolved with effervescence in dilute 
muriatic Acid and boruretted hydrogen (ins was evolved. 

The (ins had the smell of common hydrogen Gas 
from iron, mixed with *h slight smell ^of garlic. It 
burned with a reddish yellow tlainc, surrounded by a 
green border : some white fumes appearing in the 
vessel in which the combustion took place. (Ar.) As 
yet the union of Boron with carbon has not been 
effected. 

(332.) T. Boron has been united to iron and plati- 
num by Descotils, who heated charcoal, boracic Acid, 
and the metallic filings made into n paste with oil in a 
crucible. The compound preserved a metallic appear- 
ance. (/.) Gindin made similar experiments, (m.) 

Davy found that with potassium it formed a grey 
metallic-looking compound. But ‘with many other 
metals it seems to refuse to combine. 

(333.) K. Boron decomposes nitric Acid with ra- 
pidity, nitrous Gas being evolved, and the Boron be- 
coming boracic Acid, It abo decomposes the sulphuric 
Acid, when aided by heat ; and at a high temperature 
it takes ox) gen from a number of the compound Salts, 
nitrates, sulphates, and carbonates., It reduces also 
several of the metallic oxides. 

(3.J4. ) L. M. On these heads we have nothing to 
remark. 

Subsect. 1 . — lkracJc Acid. 

(335.) A. We have already seen (3*24.) that Boracic 
Acid was obtained in 17*02 by Homberg from the de- 
composition of Borax, in which Salt it is found naturally 
combined with soda Boracic Acid is found combined 
with magnesia in the mineral called Borucite fom\d. in 
the Kaikberg, near Lunenburg, also ir, the Tincal be- 
fore mentioned, and in several thermal lakes in Tus- 
cany. 

(336.) B. Boracic Acid is most readily obtained by' 
dissolving Borax in hot water, gradually adding* sul- 
phuric Acid to the filtered solution, until the Liquid 
becomes rather acid. A numlw of small shining latqi- 
nary crystals gradually form and subside as the liquor , * 
cools. These are crystals of Boracie Acid, which must 
he well wushed with clean water, arid then fried between 
folds of blotting paper. Jti this state it is a hydrate : 
the water may be driven oft' by fusion, and the Boracic 
Acid remains pure. 

(337.) C. This hydrate exhibits thin hexagonal 
scales with u pearly lustrcP, has something (he appear* . 
unce and feel of , spermaceti its Specific Gravity Is 

.479, but the pure Acid after fusion is LB08* Boracic 



Otifatatyv AcWfeoa; wrsrhell, bnt by affusion of a little Sulphuric 
/ Add a musky odour is developed. Boracic Acid is not 
volatile, but after fusion, at a red heat, it becomes on 
cooling m hard transparent glass, which becomes opake 
externally by exposure to the air, but does not. de- 
liquesce* It has the property of reddening vegetable 
Maes. 


'(888.) D. E. F. G. None yet recognised. 

(839.) H. Neither have these substances any action 
Upon Boracic Acid ; but it is soluble in alcohol, and by 
the aid of considerable*heat in oils also. 

(340.) I. Of the metals, potassium and sodium 
alone have been found capable of decomposing- Boracic 
Acid. With regard to the action of its solution upon 
tnetals, it dissolves iron, zinc, and perhaps copper. 

(341.) K. Boracic Acid combines with the oxides 
of every class of metals to form Salts, which are called 
Borates. 

(342.) L. The presence of Boracic Acid is most 
easily recognised by its properly of colouring the dame 
of burning bodies green. This is easily exhibited by 
the combustion of alcohol bolding it in solution ; but 
the neatest method, When the quantity is small, is to clip 
a cotton thread into a Boracic solution, and then, after 
drying the thread, to set fire to it. 

(343.) M. Boracic Acid is used in the fabrication of 
pastes for the imitation of precious stones; and in the 
analysis of minerals, which naturally contain the fixed 
alkalis. Iloiax, the Borate of soda, is employed in sol- 
dering to clean the metallic surfaces, and by its fusion 


to prevent oxidation, and thus to facilitate the union of 
the metallic surfaces. 
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§ 5. — Phosphorus. 


(344.) A. Phosphorus 4< was accidentally discovered 
by Br&ndt, a Chemist of Hamburgh, in the year 1009, 
{a.J as he was attempting to extract from human urine 
# a Liquid capable of converting silver into gold. He 
showed a specimen of it to Kunkel, a German Chemist 
• of considerable eminence, who mentioned the fact as a 
piece of news to one Kraft, a friend of his at Dresden. 
Kraft inuhediiftely repaired to Hamburgh, and pur- 
chased the secret from Brandt for 200 dollars, exacting 
« flfcm him, at the same time, a promise not to reveal it 
to any other person. Soon after he exhibited his Phos- 
phorus publicly in Britain and France, expecting doubt- 
less that it would make his fortune. Kunkel, who had 
mentioned to Kraft Ais intention of getting possession 
of the process, being vexed at the treacherous conduct 
of his friend, attempted to discover it himself; and 
• , about the year 1674 he succeeded, though he only 
Rrandt th^t urine was the substance from 
WlScp Phosphorus had been procured. (6.) , Accord- 


ingly be is always reckoned, nnd^eseiweifly foi/ak^ 
of the discoverers of Phosphortn*/ * . :/: v f 

“ Boyle likewise discovered Phosphorus. I^ibntetv 
indeed, affirms that Kraft taught Boyle the whole pip* 
cess, and Kraft declared the same thing to Stahl. But 
surely the assertion of a dealer in secrets, and one who 
had deceived his own friend, on which the whole of this 
story is founded, cannot be put in competition with 
the affirmation of a man like Boyle, who was not only 
one of the greatest Philosophers, but likewise # one of 
the most virtuous men of his Age; and he positively 
assures us that he made the discovery without being 
previously acquainted with the process.” (r.) 44 Mr. 

Boyle revealed the process to his assistant, Godfrey 
Hankwitz, a London apothecary, who continued for 
many years to supply all Europe with phosphorus. 
Hence it was known to Chemists by the name of 
English Phosphorus, ( d .) Other Chemists, indeed, had 
attempted to produce it but without success, (r.) till in 
1737, a stranger appeared in Paris, and offered to make 
Phosphorus. The French Government grunted*him a 
reward for communicating his process. lieligt, Dufay, 
Geoffroy, and Duhamel saw him execute it with suc- 
cess ; and Heliot published a very full account of it in 
the Memoirs of the French Academy for 1737.” ( f) 
Thomson, Syst. 

•The process for obtaining Phosphorus was further 
improved by Margraf. (g.) Gnhn first detected its 
presence in bones; and Sclieele devised a method fur 
obtaining it from that source. 

In its pure state Phosphorus is not known to exist in 
nature, but its combinations are found in many animal * 
substances, and also in some minerals. 

(345.) Phosphorus is now usually obtained by cal- 
cining bones; the solid residuary matter consists for 
the most part of phosphate of lime. Tins. white sub- 
stance is pulverized and digested for several hours with 
naif its weight of* concentrated sulphuric Acid : but to 
this water is added, sufficient to reduce the mass to the 
consistency of cream. By this process the phosphate 
of lime is decomposed ; sulphate and biphosphate of 
lime result. The latter Salt is dissolved out by boiling 
water, then evaporated to the consistency of sirup, 
mixed w ith one fourth its weight of powdered charcoal, 
and submitted to a good heat in an earthen retyrt. 
The beak of the retort should terminate in cold water; 
the Phosphorus is condensed by the water, and falls 
down in drops. Phosphorus is further purified by 
fusing it in hot water, and carefully pi easing it through 
chamois leather ; or else by a ^ubfOJqueut gentle distil- 
lation. 

(346.) 0. Phosphorus is generally se*en of a light 
brown colour, hut when quite pure it is nearly colour- 
less, with a waxy appearance und fracture. It fuses 
aWihout 108° Fahrenheit, and. rises fully in vapour at 
*550° Fahrenheit, but at 219° Fahrenheit in vacuo. 

It may be readily cut with a knife, and lias a Spe-» 
eifie Gravity about 1.7 <. 

(347.) D. The affinity of Phosphorus for oxygen is 
very considerable, and .most energetic* combinations 
take place between these substances. In atmospheric 
air Phosphorus undergoes * a slow combustion even 
when no extraordinary heat has been applied, and to 
this cause, m fist* be attributed the luminous appearance 
which it exhibits in the dark, A very slight elevation 
of temperature, even that produced’ by gentle. friction, 

is sufficient to ‘throw it into, a state of vivid .SWl*- 

* * . 
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Chemistry. bustion, during which intense light and heat are deve- 

. ' The following is a more specific summary of the 
n^itual action of Phosphorus and oxygen given from 
M* Thenard, who cites the experiments of M. Bellani 
de Moruu. ( h .) 

4* Phosphorus placed in pure oxygen at an ordinary 
atmospheric pressure and temperature undergoes no 
change ; hut by diminishing the pressure, combination 
takes place, the Gas is absorbed, and hypophnsphoric 
# Acid is formed. And, generally, the more the pressure 

is diminished, the lower is the temperature at which the 
' substances unit£ ; but that no combination takes place 
below 41° Fahrenheit. 

r 2. Further that if greater pressures are employed, a 
greater elevation of temperature is required to produce 
combination. 

, 3. The addition of a greater or less quantity ol 

azote or hydrogen, or carbonic Acid to a given volume 
of oxygen, produces with reference to the combustion 
of Phosphorus therein below 80°. (> Fahrenheit, the 
same elects diminution of pressure, lienee the 
luminous appearance of Phosphorus in atmospheric 
, air; it. burns slowly, absorbing the oxygen and leaving 
the azote. 

4. Phosphorus ought to pass into the state of va- 
pour at ordinary temperatures by its own elastic force, 
in any Gas that does not act upon it Chemically. Hence 
it' Phosphorus be allowed to vapourize* in oxygen Crus, 
and then hydrogen, or azote, be admitted to this Gas, a 
luminous cloud is seen; or if, on the contrary, its vu- 
* pour he formed in hydrogen, or azote, or carbonic Acid, 
and oxygen he admitted to this, the same effect is pro- 
duced. 

Whether any combination between oxygen and Phos- 
phorus exist in such proportions as to form oxides, is a 
point not fully ascertained; hut it is generally admitted 
that there are three such combinations by which dis- 
tinct Acids are formed. These are the Phosphoric 
Acid, subsect. I ; the Phosphorous Acid, subsect. 2; and 
the Hypopliosphorous Acid, which we shall he able 
f here briefly to describe. 

(348.) The Hypophospho ro v a Acid was discovered by 
1V1. Dulong, in 1816. Phosphurct of baryta is put into 
wafer. Phosphate of baryta is formed, and being in- 
4 soluble is precipitated; to the clear tillered liquor just 

enough sulphuric Acid is added to remove the baryta ; 
mid the remaining* solution produces, by evaporation, a 
viscid tmcfyfitalhzablc solution of the Ilvpophosphorous 
Acid. By increased he/it this Acid undergoes decom- 
position. (t ) The Salts formed by this Acid are re- 
markable for being ail soluble and highly deliquescent. 
The Acid itsetf is supposed to contain one atom of 
oxygen -f two atoms of Phosphorus, but with regard 
to the comparative proportion of the elements of all fbe 
, compounds of oxygen and Phosphorus, there still seems 
tit little uncertainty. By some this Acid has been even 
supposed to he an hydracid, thijt is to say, to contain 
hydrogen as a constituent element, 

(349.) E. Ghlonue combines with Phosphorus in two 
proportions. The ProMilnridr of Phosphorus (or 
Chloride) is best prepared by passing the vapour of 
Phosphorus over corrosive sublimate heated in a glass 
tube Thufc prolochloride of mercury ‘(caldmel)- is 
formed and the Phosphorus unites with the remaining 
atom of cldoHne whiclris set free. This prqtodiloride 
»» a Liquid §p6cific Gravity Is 1 45. It is a 


neutral substance not affecting vegetable colours, and Pwi Uv 
contains one atom of each of its* constituents, ° 

(350.) Deutochloiide of Phosphorus (Bichloride of " 

some authors) is formed by placing Phosphorus , in 
chlorine Gas ; spontaneous combustion takes place, and 
a white solid substance forms on the sides of the retort 7 
This substance is volatile at a temperature below 212° 
Fahrenheit. It acts violently on water ; hydrochloric 
Acid and Phosphoric Acid being the results. When 
transmitted through a red-hot porcelain tube with 
oxygen Gas, the chlorine is set at liberty and Pho$* 
plioric Acid is produced, showing that at high temper- 
atures the affinity of oxygen for Phosphorus is superior 
to that of chlorine for the same substance. This Deuto- 
chloride contains two atoms of chlorine -f one atom of 
Phosphorus. \ 

(351.) F. unexamined. 

(352.) G. Iodine combines with Phosphorus at or- 
dinary atmospheric temperatures; heat is evolved, and, 
us it appears from Dr. Traill’s experiments, there is or 
is not light according to Ihe mode in which the experi- 
ment is conducted. Two compounds are supposed to 
exist, but do not seem to he very tenacious of a definite 
state of combination. (/*.) 

(353.) 11. Phosi horns combines with hydrogen in 
two proportions. r l"he resulting substances are both 
Gaseous, and some little difficulty may occur to the 
student from the varied nomenclature employed by 
Chemists in speaking of these compounds. Wo shall 
adhere to the general rules proposed in (110.) und 
(111.) The P rot- hydro:*" n't of Phosphorus (Phos- 
phurettod Hydrogen of Gongembie and Kirwan ; 
Ilydroguret of Thomson) was discovered in 17s3 by 
Gcngemhre, (/.) and independently, in 178f>, by Kir- 
wan ; (m.) it has been further examined by ltuymond, 

(//.) Dalton, (o.) ami Thomson. ( p.) It may he ob- 
tained by heating Phosphorus in a solution of pure 
pot assn ; or by heating a paste formed of small frag- 
ment^ of Phosphorus, newly slaked lime, and a little 
water; or by filling a small refort with water acidu- 
lated with muriatic Acid, and then adding to it a few 
lumps of phosphurct of lime; a very gentle heat is to 
he applied, and the Gas evolved must he received over 
water. 

The Prot-hydrugurct of Phosphorus has a peculiar 
and disagreeable odour. It is slightly soluble in 
water ; inflame** spontaneously, and burns with splen- 
dour when it comes in contact with atmospheric air or 
oxygen Gas. It is decomposed by a strong heat, or by 
the electric spark. It consists, aw the name indicates, 
of one atom of each of its elements. 

(354.) The Dcut'hydrogurcl of Phosphorus (III hi- 
droguret. of Thomson) was discovered by Davy in 
1812. lie procured it by heating crystallized Phos- 
phorous Acid. The prol-hydroguret is also reduced to 
this state by exposure to the sun, one proportion of its 
Phosphorus being deposited, <. This Gas has a scent 
similar to that of the prol-hydroguret, hut less strong; 
it does not inflame spontaneously by contact with 
common air or oxygen Gas, hht burns with a white 
flume in chlorine. This Gas contains two atoms of 
hydrogen + one atom of Phosphorus. These two com- 
pounds might also he called sub-phosphuret and Phos- 
phu ret of hydrogen. 

(355.) Phosphorus unites with carbon. This Phos* , 
phuret was first formed by ProuSt. Thomson gives the 
following as the readiest method for , obtaining It : 





•‘AltowPbospburet df lime to remain in water till H has 
given out all the Phoaphu retted Hydrogen Gas that it 
is capable of evolving;. Then add to the Liquid a con- 
siderable excess of muriatic Acid, agitate for a few mo- 
mentSt and throw the whole upon a filter. Phosp buret 
of carbon will remain upon the filter. Let it be pro- 
perly washed and dried,” 

“Phosphurct of carbon is a soft powder of a dirty 
lemon yellow colour, without either taste or smell. 
When left in the open^ir it very slowly imbibes mois- 
ture, emits the smell of carburetted hydrogen, and ac- 
quires an add taste. Hence it decomposes the water 
which it absorbs, ami its Phosphorus is slowly converted 
jnto Phosphorous Acid. It does not melt when heated, 
nor is it altered when kept in a temperature higher than 
that of boiling water. It burns below a red heat, and 
when heated to redness gradually gives out its Phos- 
phorus. The charcoal remains behind in the state of 
a black matter, being prevented from burning by a 
coating of Phosphoric Acid vyth which it is covered. 
When the powder is thrown over the fire in small quan- 
tities, it burns in beautiful flakes. It is composed of 
one atom of Phosphorus + one atom of carbon. (</.) 

(856.) Phosphorus combines readily with sulphur in 
several proportions. The Phosphuret of sulphur has a 
yellow colour, and possesses grsut tendency to crys- 
talline structure. Its properties are not very interesting,* 
but for those who may wish to be made acquainted with 
them in detail, references are given, (r.) 

(357.) Phosphorus is soluble in nitrogen Gas, form- 
ing a Gaseous compound which lias been little exa- 
mined. 

(.358.) Alcohol, ether, ami oils dissolve Phosphorus 
more or less, and these solutions when spiead upon 
paper become luminous in the dark, especially in a warm 
atmosphere. 

(3 fit).) I The metals are almost all capable of being 
united to Phosphorus. 

(3G0.) K. Plmsphprus in its pure state cannot, of 
course, perform fhe part of either an Acid or a base. 
The action which it* possesses, upon Acids and bases 
depends in general on it** affinity forsoxygen ; thus it de- 
composes the nitric Acid to obtain a portion of its oxy- 
gen, Gaseous oxide o^az^te being evolved. By a similar 

• Affinity it is cupablc of decomposing many, if not all, the 

metallic oxides: • 

(361 .) L. In its elementary state Phosphorus is easily 
recognised limits lunynous properties, and by its ready 
combtisstihilit). Its properties w4ien acidified will be 
cotfsidered hereafter, 

(362.) M. The immediate uses of Phosphorus are 
very limited, but it has served to make a small portable 

• instrument for obtaining a light. A small quantity of 
Phosphorus is fused with a little lime in the bottom of 
l bottle :*in this process it undergoes a partial oxjda-^ 
tion, so that when a common sulphur match is intro- 

, fiuccd and again removed into the air, it inflames. Phos- 
phorus, when administered internally, proves one of the 
most powerful stimulants of the animal economy, thus 
forming a most powerful aphrodisiac. 

Subsect 1 — Phosphoric Add, 

# (363.) A, The discovery of Phosphorus led to the 

immediate formation of Phosphorifc Acid,* which is pro- 
duced by its com bust fon ; “butjts true nature could not 
have been understood previous to the theory of additi- 
ves nr. 




cation by oxygon. This Acid notextet in /fjjft/lL, 

state in nature, but whan combined with time it . 
a principal ingredient in bones, and also a part of most; ; 
animal mutters. t 

(364.) B. Phosphoric Add maybe obtained quite 
pure by burning Phosphorus in oxygen Gas. White 
vapours are produced which condense in snowy crystals 
on the bottoqj of the retort. This solid anhydrous Acid 
attracts moisture from the air with great avidity, and 
soon becomes liquid. Phosphoric Acid may also b® 
obtained by the action of Phosphorus on nitric Acid), 
but the experiment requires caution, as the decom- 
position takes place with violence. Frbin Phosphoric • 

Acid the water may be driven off by heal, and the purl 
Acid remains in a glassy state. Generally speaking, 
however, Phosphoric Acid is procured from bodes by a 
process already adverted to. (337.) 'fhe biphosphate 
of lime is boiled for a few minutes with excess of car- 
bonate of ammonia; thus carbonate of lime is precipi- 
tated, and a solution of phosphate and sulphate of 
ammonia remains. By evaporation, and finally by a 
strong heat in a platinum crucible, every tiling except 
the Phosphoric Acid is driven off. This Acid is now 
for the most part supposed to consist of one atom of 
Phosphorus -}- two atoms of oxygen. 

(365.) C. This Acid in its purest state is a white or 
transparent Solid, uniting readily with water in all pro- 
portions. M. Dulong considers that by heat alone it is 
impossible to expel all the water, mid that what is 
culled solid glacial Phosphoric Acid consists of three 
atoms of Phosphoric Acid + one atom of water. The 
taste is intensely sour, the effect in reddening litmus- • 
paper is very energetic, and the Acid possesses high 
neutralizing powers upon the bases. This Acid is de 
composed by the Voltaic pile. 

(366.) I). None. 

(367.) K. None. 

(368.) F. Unknown. 

(369.) G. Uucxumined. 

(370.) II. Nitrogen has no action on Phosphoric 
Acid. Carbon decomposes it at high temperatures. 

(371.) I. Potassium and sodium decompose this Acid. 

( 372 .) K. No other Acid is capable of employing the 

Phosphoric as a base; but with bases it forms nume- 
rous and important Salts. With single atoms of some 
bases it unites in several different proportions, form- 
ing sub* phosphites, phosphites, super-phosphites, and 
other class* s of Salts, which we must not here euume 
rate. (/.) 

(373.) L. The most marked reagent action of Phos- 
phoric Acid is as follows. When exactly neutralized by 
carbonate of soda or potash, the solutioif undergoes no 
change of colour by passing a stream of sulphuretted 
hydrogen through it: acetate of lead produces a white 
precipitate, and nitrate of silver a yellow one. The 
former is dissolved by the addition of nitric or Phos- 
phoric Acid, and the latter by ammonia, as well as by 
those Acids, . 

(374.) M. Phosphoric Acid is not generally em- 
ployed in Medicine, but M. Lentiu ha$ recommended 
its exhibition in doses of twenty-five drops, to t>e taken 
in any diluent Liquid for .phthisis. « 

• # ' 'Subsect 2.— Phosphorous Acid 

(37fp) The cottibustion of Phosphorus frequently * 
produces both Phosphoric and Phosphorous Acid ; but 
4 r * ‘ 
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Chtmwrj. the bestproeess for obtaining: the latter substance Is to 
mS pass the vapour of Phosphorus through powdered cor* 
rostve sublimate in a glass tube. Chloride of Phos- 
pjtorus is formed, and condenses in a liquid form. By 
putting this substance into water a decomposition takes 
place, the hydrogen and chlorine form hydrochloric 
Acid, and the oxygen unites to the Phosphorus to form 
Phosphorous Acid. The solution must then be evapo- 
rated, so as to drive off the hydrochloric Acid, and the 
remaining hydrous Phosphorous Acid will on cooling 
assume a crystalline structure. The spontaneous oxi- 
dation of Phosphorus in atmospheric air produces the 
< < same Acid. 

** With bases this Acid is capable of forming Salts, but 
, they have not been examined much in detail. It ap- 
pears, however, that there exist sub, neutral, and super- 
phosphites. Consult the Memoir of M. Dulong. (?/.) 
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, § 6. — Sulphur. 

(376.) A. Sulphur is on the whole a plentiful sub- 
stance, and has been known from the very earliest 
times. It occurs abundantly among the various pro- 
ducts of volcanic fires, and is found also in certain mi- 
neral formations chiefly connected with clays and schists. 
Several of tlnv metalliferous ore> consist chiefly of this 
substance. When mixed with much earthy matter it is 
amorphous, but if its formation has taken place in ca- 
vities, or by slow processes, it presents very beautiful 
crystalline forms. The Island of Sicily produces it in 
‘great abundance. 

v 377.) H. Sulphur is obtained pure by gentle sub- 
limation ; it is then culled Flowers nf Sulphur t or Flour of 
Sulphur, but it is at first contaminated with a little sul- 
|)huN>«s Acid, which must be removed by careful wash- 
ing, Sulphur is ut present considered a simple sub- 
1 stance, though it has been difficult for some eminent 
Chemists to satisfy themselves that some bydrogeu did 
not enter into its composition. 

, (378.) C, At our ordinary temperatures Sulphur is 

a eolith brittle* and frequently crystalline substance. It 


fuses at about 180° or 180° Fahrenheit* and Is com* **# *1 
pletely fluid at 820°. It rises In vapour slightly about 
170°, but becomes Gaseous at 600° Fahrenheit If 
melted Sulphur be poured itito hot water it remains a 
tenacious waxy substance, and in this state is frequently 
employed to take impressions of gems, coins, &c. Sul* 
phur is a nonconductor of electricity, and becomes ne- 
gatively electric . by friction. It possesses high refrac* 
tive power upon light. 

(379.) D. When heated in atmospheric any or oxygen 
Gas, Sulphur takes fire, combining with the oxygen and 
forming Sulphurous Acid ; but by various processes 
four distinct combinations between Sulphur and oxygen 
may be produced. These will be described in subsections 
1,2, 3, and 4. 

(3s(j.) E. Chloride bf Sulphur is readily formed by 
passing u current of chlorine through Flowers of Sul- 
phur, or by heating Sulphur in dry chlorine Gas. This 
aubstunce was first described by Professor Thomson, 

(a.) and subsequently examined by A. fierthollct, (A,) 
and by Bueholz. (c.) Sft H. Davy discovered smother 
cunibinutiuu between the mime elements. ( d .) 

The auhchhride of Sulphur formed by Thomson’s 
process, is described by himself “ si liquid of a brownish 
red colour, wlimi seen by reflected light; but yellowish 
green when seen by transmitted light.” Its smell is 
strong, and somewhat similar to that of sea plants. 

The eyes, when exposed to it, arc filled with tears. The 
taste is acid, hot, and bitter, allecting the throat with 
painful tickling. It does not change the colour of dry 
litmus-paper ; but if the paper be moist it immediately 
becomes red. Specific Gravity 1.6789 or 1.7. It readily 
dissolves Sulphur and phosphorus, forming a perma- 
nent solution. Chloride of Sulphur smokes violently 
in the open air, and soon flies off, leaving crystals 
of Sulphur if it contains that substance in solution. 

When dropped into water it is decomposed. Sulphur 
being evolved. When dropped into nitric Acid a 
violent effervescence is produced, and sulphuric Acid is 
formed. This substance is supposed to consist of one 
atom of chlorine two atoms of Sulphur. 

The chloride, of § id phur formed by Davy's process 
is described as having properties similar to those of the 
substance just described, and Davy seems to have con- 
sidered the substances identical ;* but Thomson sup- 
poses the hitter to contain one atom of each of the 
elements, 

(3S1.) F. Unknown. 

(3S2.) G. Iodide pf Sulphur was first described by 
Gay L ussac. (d.) It is supposed to contain one atom * 

of each element ; and is formed simply by heating 
iodine and Sulphur together in a glass tube. This 
compound has the appearance of sulphurate of anti- 
mony. 

(383.) II. Sulphur combines with hydrogen, forming 
<i peculiar substance formerly culled sulphuretted hy- 
drogen Gas, but now more appropriately hydro sulphuric 
Acid. In fact, hydrogen and Sulphur unite in two pro- * 

portions. See subseci. 5. 

The combination of Sulphur 'with carbfon forms a 
substance of considerable interest. It was first de- 
scribed by MM, Clement and Desormes, (e.) though 
it hud been obtained by Lampuriius in 1796. (/) These 
Chemists obtained it by adding Sulphur to charcoal con- 
tained in a porcelain tube at a red heat. This process 
is rather uncertain and inconvenient. The writer pf 
this Syaojisis has obtained it readily and in large qttan- 



Onmhity. tity by i ftxtaff* tubulated porcelain retort filled with hits 
ofeharcoal into a Black’s portable furnace : to the tu- 
bulure of the retort an earthen tube a foot long was 
lilted and closed by a cork. Through this tube small 
fragments of Sulphur were dropped down upon the 
heated charcoal. The sulpburefc of carbon as it formed 
passed off in vapour by the beak of the retort, into which 
a glass tube was fixed and terminated under water. 
Here the sulplmret was condensed in drops, agd re- 
mained at the bottom of the jar of water. To obtain 
the Liquid in a state of purity, a subsequent distillation 

• at a very gentle heat (110°) is required. 

Uisutphuret of carbon l* a limpid Liquid, of Specific 
Gravity about 1.27? It boils at 105° or 110°, and does 
not freeze at •— fiO° Fahrenheit. It is so extremely vo- 
latile as to produce a greater degree of cold by its eva- 
poration than any other known substance. Thus mer- 
cury may be frozen conveniently by covering the bulb 
of a thermometer with cotton word moistened with this 
substance, and placed under the receiver of an air- 
pump. In the open air it tales fire at a very low tem- 
perature, and burns with a blue flame ; is not soluble 
in water, but readily so in ether and alcohol. It is 
considered to consist of one atom of carbon -f- two atoms 
of Sulphur. Consult also ref. (9.) 

Sulphur combines with phosphorus (356.) and sele- 
nion, but not with boron, silicon, or nitrogen. 

(384.) 1. Sulphur combines readily with almost all 
the metals, and in some cases these compounds are 
regulated by the laws of definite proportions. 

(385.) K. Under thni head there is not much to notice: 
by digestion with nitric Acid, Sulphur itself undergoes 
acidification, and is converted into Sulphuric Acid. 
Upon the earthy oxides Sulphur exerts no action ; but 
at a tem perature sufficiently elevated it acts upon all 
other oxides, in some cases reducing the metals, in others 
forming sulphurets. 

(39(i.) L. Sulphur is readily recognised by its Phy- 
sical properties: or, if in small quantity, it may be aci- 
dified by nitric Acid/und tested with great accuracy as 
Sulphuric Acid. 

• (387.) M. This substance is of great service in the 

Atts : the Sulphurous? Acid produced in its combustion 
is used to bleach woollen substances and straw bonnets. 

€ .With nitre and chardbal it forms gunpowder. It is an 

• * important ingredient in the cement used in joining iron 

pipes for Gas and water. In Medicine it is applied ex- 
ternally in cutaneous disorders. Internally, it is some- 
limes^giveu in visceral obstruction*, and as an alterative. 

• It possesses a rapid "effect in counteracting the spe- 

. cific action of mercury on the system. For this purpose 
snlphuret of potush is perhaps the best form of exhi- 
bition. 

Subsect 1 , — Hy posit ip h it ru us Acid. 

(389.) # The*Snlts formed by this Acid were first no- * 
^eed byM. Thenard (^) : its relation to the other corn- 
~ * k pounds of sulphur and oxygen were then pointed out 

by Dr. Thomson ;-and lastly Mr. Herschel (/.) added 
very considerably to dur knowledge of its compounds 
and their inode of decomposition. 

ffypowlphurous Acid may be formed by passing a 
current of sulphurous Acid into a solution of the hydro- 
Rulpliuret of lime or stroutia ; or by digesting sulphur 
• in a solution of any sulphate, or* by digesting iron* 
filings in a solution ttf sulpburoua.Acid in water. Ip 
<tU thus* cams a solution of a hyposulphite of* the base 


remains. It appears* 

not exist permanently in afree state; 4br 4f a, ,, . 
pbite be decomposed by sulphuric ofc miKtatie Acid* 
the Hyposulphorotts Aoid at the moment of quitting 
base resolves itself into sulphurous Arid and sulphur. 
Mr. Herschel <J»<1 indeed obtain free Hypoflulphurous 
Acid by adding a slight excess of sulphuric Acidio a 
diluted solution of the hyposulphite of strontia ; but 
decomposition speedily took place at common tempera- 
tures, and was instantly effected by heat. ■ 

Subscot 2 . ( ^Sulphurous Acid . 

• ? 

(389.) Sulphurous Acid Gas is produced whenever 
sulphur is burned in common air or oxygen Gas ; but 
it is most readily obtained by putting three parts of Sul- 
phuric Acid and two parts of mercury into a small glass 
retort. The beat of an Argaud lump produces a copious 
evolution of the Gas, which ought to be received over 
mercury. Here a part of the sulphuric Acid gives up 
its oxygen to the metal, and is reduced to the State of 
Sulphurous Acid, while the remainder unites Jo the oxi- 
dated metal, and produces a residuum of sulphate of 
mercury in the retort. 

This Gas has a pungent and very characteristic odour: 
it extinguishes combustion, and is not itself combustible, 
k is quite unfit for respiration. Water, especially when 
hot, is capable of dissolving a considerable quantity of 
this Gas. The bleaching properties of burnt sulphur 
already mentioned (387.) are due to its action ; and it 
is singular that if litmus-paper be so bleached, the colour 
seems not to be absolutely destroyed, but may be again# 
developed either by an Acid or alkali. If moisture be 
present. Sulphurous Acid Gas will unite with oxygen, 
and pass to the state of Sulphuric Acid. Nitric Acid* 
or oxide of manganese, produce the same effect. Of all 
the Gases, this one is most readily condensed into the 
liquid form. Mr. Faraday effected this by a pressure 
equivalent to two atmospheres; and M. Bussy (&.) pro- 
duced the same effect under the ordinary atmospheric 
pressure by subjecting it to the cold produced by snow 
and salt. This Acid unites with bases, and produces 
Salts called sulphites. It is believed to consist of equal 
volumes of sulphur, vapour, uud oxygen, or of sulphur 
one atom -f* oxygen two atoms ^ 

Subsect 3. — Hyposulphuric Acid 

( 390 .) MM. Welter and Gay Lussae first discovered 
tnis Acid, urul formed it by passing a current of sulphur- 
ous Acid Gas through water fit which finely -powdered 
peroxide of manganese was suspended. «A neutral so- 
iulion of hyposulphate and sulphate of manganese is 
produced. The solution is to be concentrated, atfd then 
by adding an excess of pure baryta to the heated solu- 
tion, and agitating it well, the* oxide of manganese is 
separated, as also the insoluble sulphate of baryta. The* 
filtered Liquid will contain hyposulphate *of baryta amf 
some excess of that earth in solution. This excess may 
be removed by a stream of carbonic Acid, and an ex- 
cess of that Acid may be ,got rid of bf boiling* The 
pure hyposulphate of baryta is then to be crystallized* 
redissolved in water, aud the baryta precipitated by 
cautiotisly adding the requisite quantity of sulphuric 
Acid. The filtered Liquid is to be concentrated by sul- 
phuric Acid placed In the receiver of a a nir-pu«up till .ft* • 
has a Specific Gravity 1347. 

■' 4 T 2 
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Cfemwtry. ThisAeid Is Rot affected by oxygen Gas, chlorine, 
l «»V^nr concentrated nitric Acid. It dissolves zinc with 
evolution of hydrogen Gas. It saturates bases forming 
Those of lime, baryta, strontia, and the prot- 
oxide of lead, are soluble, thus forming a marked dis- 
tinction between themselves and the, sulphates of the 
lame bases. Hyposulphuric Acid is supposed to con- 
sist of sulphur two atoms -J- oxygen five afoms, (J.) 

SubsecL 4. — Sulphuric Acid. 

(391.) A. As far as is known, Sulphuric Acid was first 
f * obtained by Basil Valentine, in the XVth century. He 
pVocured it by the dry distillation of sulphate of iron, 
r Subsequently it has been obtained by other processes, 
and is extensively employed in the Arts. It is found in 
combination with bases in several mineral substances, 
but does not exist free in nature, except possibly in 
small quantities among the products of active volcanoes. 

(392.) B. Sulphuric Acid is now chiefly made by 
f burning a mixture of one part of nitre with six or eight 
parts of sulphur in large leaden chambers, having the 
floor covered with a thin stratum of water. ( 77 ?.) The 
f Liquid thus produced consists of a solution of Sul- 
phuric Acid in water. By subsequent evaporation the 
greater part of the water is driven off, and a eoncen- 
4 trated Sulphuric Acid remains. In its highest state 4if 
concentration liquid Sulphuric Acid contains dry Sul- 
phuric Acid one atom + water one atom. 

(393.) At Nordhauscn, in Thuringia, a strong liquid 
Sulphuric Acid is prepared from sulphate of iron by 
f dry distillation, in earthen retorts. This Acid may he 
put into a glass retort, to which a large tube is attached 
and surrounded with ice. Ignited charcoal is placed 
under the retorf,and the Liquid being brought to ebulli- 
tion, vapoqrs of an hydrous Sulphuric Acid pass over, 
and are condensed in the cold tube. This Acid, at a 
temperature below 77° Fahrenheit, is solid, white, and 
opake, at 77° it fuses and forms a Liquid, which strongly 
refracts -light ; having a density of 1.57. At a higher 
temperature it is volatile, so as indeed not to be easily 
fused, except under some pressure. This substance 
possesses strongly acid properties, and attracts mois- 
ture with great avidity, (w.) It consists of sulphur one 
atojn -f- oxygen three atoms. 

f (394.) C. Sulphuric Acid is an oil-like fluid, and 

when pure is colourless. It has a very strong affinity 
* for moisture, and produces, when mixed with water, a 

very considerable degree of heat. Dr. Ure states that 
73 parts by weight* mi\ed with 27 parts of water, ex- 
hibit this property in the most striking manner. The 
Specific Gravity of the strongest liquid Acid is 1.850 ; 
but Dr- Ure states that if pure it is not beyond 1.S4S5. 
Mr. Dalton has given a Table exhibiting the real Acid 
ip mixtures of Acid and water of different densities. §ee 
, ?art V. Table IV. Consult, also, Mr. Parke’s Essay,’ 
* <(&•) am * Dr. Ure ’ 8 Paper, (p.) Liquid Sulphuric Acid 
may be frozen by artificial cold. In, distilling over 
Sulphuric Acid from glass vessels there is great danger 
of the # vessels t being broken by the violent detonations 
with which the heated Liquid hursts into vapour ; this 
* may* however* he remedied -by placing in the retort a 
few fragments of pounded glass, or platinum wjire: the 
sharp points of these bodies determining the evolution 
of vapour ip Smeller bubbles, and, therefore, with less 
violence j)f effect, The nature of this action, with re- 
ference to some other curious points in the extrication 


of Gases, and of vapoursarising during ebullittou;|i»a 
been examined by Gay Lussac. ) Sulphuric Acid 
is decomposed by the Voltaie pile 

(395.) I). None. 

(396.) E. None. 

(397.) F. Unknown. 

(398.) G. None ; 

(399.) H. Of these substances not one decomposes 
Sulphuric Acid at common temperatures, but all with 
the exception of nitrogen, and possibly selenium, 
decompose it when aided by heat. Hydrogen effects 
this at a low red heat ; and water, and sulphurous Acid 
Gas, or sulphur results. Carbon, at a high tempera- 
ture, decomposes it, producing ga&eous carbonic Acid, 
and sulphurous Add. The action of ‘phosphorus is 
analogous ; and that of boron would be so in all pro- 
bability. 

(400.) I. Potassium and sodium decompose Sul- 
phuric Acid with violence at all temperatures. Zinc, 
iron, and probhhly manganese, exert little action on 
Sulphuric Acid at common temperatures; but by the 
help of a moderate heat they decompose it, with evolu- 
tion of hydrogen Gas, and become sulphates of the 
metals respectively. The hydrogen results chiefly from 
the decomposition of the water present, so that the 
process succeeds best* by diluting the Acid when obtain- 
ing that Gas is the end required. 

Tin, and the metals of the last three classes, do not 
act at all on Sulphuric Acid at ordinary temperatures ; 
but above 212° Fahrenheit all do so except chromium, 
tungsten, coin m bin m, titanium, uranium, cerium, 
osmium, palladium, rhodium, platinum, gold and iri- 
dium. 

(401.) K, Sulphuric Acid never performs the part 
of a base, and its action ujkhi other Acids is entirely 
of the nature of decomposition, dependent, upon the 
elements of which they may be composed. With bases 
it forms numerous and important Salts, which we have 
not space here to enumerate. 

(402.) L. Sulphuric Acid is most readily and dis- 
tinctly recognised by thf precipitate which it gives with 
borytie water, or solution of hnrvtic .Salts. The white 
powder so produced is insoluble in nitric Acid, but by 
being heated with charcoal, if. is converted into a sui- 
phuret. * . 

(403.) M. Sulphuric Acid is largely employed in the * 
Arts; as a lixivium in dyeing, and for dissolving indigo 
Sometimes, also, in tanning leather. serves also to 
decompose other Salts, whose Acids are required free. 

In practical Chemistry, also, its uses are numerous und 
extensive. Vinegar is often adulterated with it; and a 
sort of lemonade is made with this as ft cheap substi- 
tute for citric Acid. c 

$ubwct. 5. — Compounds of Sulphur with Hydrogen* 

In examining this part of our subject we eneonn^T 
some difficulties, which chiefly arise from the confused * * 
state of our nomenclature ; and in attempting briefly to 
dispel them, we shall be under Ihe necessity of making 
a slight Change in the language of some Chemists ; but 
we trust that no confusion will thence arise* as we shall 
carefully present the synonymes of other authors. 

SMphtir and Hydrogen unite in two proportions m 
these to be c&lted Shlphurets of Hydrogen, or Hydrurets ‘ 
of Sulphur ? The »fon$er was the plan at first adopted, 
and Bertbollet, to preserve a distinction, employed <ke 







tomtary, t#m* » Jfydrogine Sulphuri* and M Swfre Hydro* 
* ^e proportions are now known to be Hy- 
arogen one atom -f- sulphur two atoms ; and Hydrogen 
one atom -f- Sulphur one atom* The former compound 
unites with bases, but it has not been shown to possess 
acid properties ; though in some sense it is probable 
that it does no. The latter also unites with bases, and 
possessing decidedly acid properties, Gay Lussac 
proposed to call it Uydrosulphuric Acid ; thus recog- 
nising that Hydrogen is its acidifying principle, and 
preserving the analogy lor Hydriodic, Hydrochloric 
« Acid, &c, Ac. IFwe consider the compound of one atom 
Hydrogen + two atoms Sulphur not an Acid, we may 
consistently with oar plan call it Hydruret of Sulphur; 
but if we deem it an Acid, we may call it Hydrosul- 
phurous Acid. For the second compound consisting of 
one atom of Hydrogen -f- one atom ol Sulphur, we unhesi- 
tatingly adopt Gay Lussuc’s name of Hydrosulphuric 
Acid. 

Hydruret ofSulpaur/orHydr/unjfphvrousAeid. (Soufre 
Hydrogeu6 of Thcncrd ; Hydrosulph urovs Acid of 
Thomson; Bisulphiirctted Hydrogen of Henry,) 


gentle heat a Hvdroaulphste W*tf* powdered Sirfphur v :'- 
an additional portion of wtiich ie dissolved, while part 
of the Hydrosulphuric Acid Gas escapes. ; , . 

M Hydrosulphurets have the fellowitig properties./ 

1. M They have a deep greenish y«?ftow colour, an 

acrid and intensely bitter taste, and an excessively 
offensive smell, »' 

2. “ They^deposit Sulphur when kept in close vessels, 

become much more transparent and lighter coloured, 
and less offensive to the smell* # 

3 “They rapidly absorb oxygen from the atmosphere 
and from oxygen Gas. Hence their employment in 
Eudiometry. 

4. 44 On the addition of dilute Sulphuric, or Hydro- 

chloric, or of certain other Acids, they are deco/nposed, 
Hydrosulphuric Acid Gas is evolved, and Sulphur is 
precipitated. v 

5. " When boiled in contact with filings of silver, oi 
of copper, and of those metals onlv, Vauquelin found 
that they lose their excess of Sulphur, and become 
Hydrosulphates.” 

Hydrosulphuric Acid . {Sulphuretted IIy<Aogcn.) 


(404.) The following are the properties of this sub- 
stance as detailed by Berthollet, ($.) and abstracted by 
Dr. Henry. (/.) * 

“This substance is obtained when the compound 
produced by boiling Flowers of Sulphur with liquid 
potassa Is poured by little and little into muriatic Acid. 
A very small portion only of Gas escapes ; and while 
the greater part of the Sulphur separates, one portion 
of it combines with the Hydrosulphuric Acid, assumes 
the appearance of an oil, and is deposited at the bottom 
of the vessel. Or dissolve Sulphur in a boiling solution 
of pure potassa; and into a phial, containing about 
one-third its capacity of muriatic Acid, of the Specific 
Gravity 1.07, pour about an equal bulk of the liquid 
compound. Cork the phial, and shake it; the Hydruret 
Of Sulphur gradually settles to the bottom in the form 
of a brown, viscljl, semifluid mass; its properties ure 
the following. 

v 1. “ Its taste and smell resemble those of putrid 
eggs, but are less offensive. Its precise Specific Gra- 
vity is unknown, but it is heavier than water, and 
descends through it. ♦ It* is inflammable, and burns in 
• Che air with a smell of Sulphurous Acid. 

2. “ If gently heated, Hydrosulphuric Acid Gas ex- 
hales from it* the bisulphuret loses its fluidity, and a 
residue is left fconsistihg merely of Sulphur. 

8. A It combines with alkalis and earths.’* 

Its constitution has been already described. 

(405.) The combinations of this substance with 
alkalis and earths might be called Hydrosulphurets, or 
•Hydrosulphites, according as wc deemed the substance 
Itself an Acid or not ; but unfortunately the former term 
has been fly sotoe applied to the true Hydrosulphates, 
In some Treatises the combinations now before us are 
efflled Hydroguretted Sulpluirets, a term we cannot 
employ consistently, with our plan. 

The Hyftosv Iph u rets then, or Hydrosulphites, are 
* formed by boiling along with a sufficient quantity of 
water, the alkaline or earthy base, with Flowers of Sul* 
phut. Thus a solution of pure potassa, pure soda, or 
of baryta, or stratum, may be changed into a Hydrosul* 

» phuret. » 1 ( i 

T Another method oftforming by a very simple pro* 
^s 3ydrosuiphurets Con&sta in digesting in a 


(40G.) This Gas, though known before, was first 
examined with care by Scheele about 1777. It is fre- 
quently produced during the spontaneous decomposi- 
tion of organic substances, and from the receptacles 
for excremeufitiou? matters. Also as an element in 
numerous mineral waters, such as those of Barreges, 
Schinznach, Harrowgate, &e. 

For Chemical purposes, it is most readily procured 
by heating powdered sulpburet of antimony ill a retort # 
with four or five times its weight of strong muriatic 
Acid. Or a protosulphuret of iron may be made by 
placing a mixture of two parts of iron filings and one 
part of sulphur in a common earthen or irop crucible, 
well closed, and then giving it a low red heat. The 
sulphuret thus formed may be pulverized when cold, 
and acted upon by muriatic Acid diluted with thrice its 
weight of water. 

Hydrosulphuric Acid Gas consists of one atom of 
each of its elements, occupying the same. volume as 
the hydrogen of which it is formed. This Gas is with- 
out colour, but has a very peculiar and disagreeable 
taste and odour, similar to that of rotten eggs. At^>0° 
Fahrenheit it may be reduced to a Liquid by a pressure 
of seventeen atmospheres. It extinguishes all burning 
bodies, but when ignited burns with n pale blue flame. 
It detonates by the electric spark when mixed with 
oxygen. This Gas has decidedly, acid properties, as 
it reddens litmus-paper, and may be made to neu- 
tralize alkaline bases. Chlorine and ibdine dccom* 
pose it, separating the sulphur and producing hydro- 
chloric or hydriodic Acid. Au atmosphere in which 
this GavS abounds may be purified by chlorine in a very 
f few minutes. Hydrosulphuric Acid produces very 
marked effects upon metals and metallic oxides. The, 
sulphur entering into combination tarnishes gold and 
silver readily. White paint is immediately discoloured 
for a like reason. The pnost delicate te§t of the pre- 
sence of Sulphuretted Hydrogen is to paint a piece of 
paper with flake w hite, (carbonated oxide of lead.) This 
is instantly coloured by Hydrosulphuric Acid Gas. even 
when, according to Dr. Henry, only a twenty-thousandth 
part of the volume of air constant of this Gas. Hydro* 
sulphuric Apid Gas is ohc of the moat deleterious that 
can be respired. * Dupuytren and Thenard found that 
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Chemiitry. air containing l«1500th part instantly destroyed a 
wnaUtW; 1 -800th killed a dog; and 1-1 50th destroyed 
a horse, (r.) 

<407.) The hydromdphates, as the name implies, 
consist of combination* of Hydrosulphurie Acid (sul- 
phuretted hydrogen) with bases. 

This Acid combines with bases from the second class 
of metals, and, perhaps, also with glycynea andythria; 
with oxide of zinc, with the protoxides of manganese 
and iron, the oxides of tin, and the protoxide of anti- 
, tnony. With the oxides of the last four classes, no 

such union is formed, for the oxides themselves are 
V r f Recomposed and sulphurets produced. The alkaline 
and earthy hydrosulphates are soluble in water, are 
* colourless, and have a sharp and rough taste. The # 
rest, which are insoluble, have neither scent nor taste ; 
and three only, v/z. those of iron, antimony, and tin, 
are coloured All Acids except the carbonic decom- 
pose the hydrosulphates, by setting the Acid Gas free. 

( The hwlrosulphates of potash, soda, barytes, strontia, 

lime, and magnesia are prepared by passing a current 
of the Gas through these substances dissolved or 
suspended in water In means of a Wnnllc’s bottle. The 
c insoluble liydrosulp.iun*s are ol lamed b\ double decom- 
position. 

t The great mid constant utility of the hylrosulphatcs 

as tests of metallic substances, will induce us to giVe 
a table of these indications See Tai l \ . Table V. 

(408.) On the who’e then it appear*, iliat sulphur, 
If n drosulphu rous Acid, (hjdroguret of sulphur, of some,) 
and Hydrostiiphtinc Acid (sulphuretted hydrogen of 
s< me) will all unite with metals and their oxides. In 
the first ease, the result is a sulphnret ; in the second, 
it is a h^drosulphi e, or, as we might call it, a Hydro* 
Ktilphuret ; (hydrogurretled sulphuret of some;) and in 
the last it js a hjdrosulphate (hydrosulphuret of some.) 
The sulphurets run only continue stable in a dry state, 
fur so soon as they begin to dissolve in water, that 
Fluid is decomposed, Hydrosulphurie Acid Gus is formed 
and evolved, while Huhosulphurous Acid being also 
formed unites with the base. ((.) 
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son, First Principles* vol i t p. 217. <*.) An. 

vol. xxv. p 247. (t.) Elements, vul. i. p. 446.; An* dft Wy es fc * 

Ch. vol. xxv. p, 247, &c. ; An, de Ch* et de Ph. vtd 

vi. p. 322. 

5 7. — Selenion. 

(409.) A. Messrs. Gahn, E&gertz, and Berzelius 
are the proprietors of a* manufactory of sulphuric Acid 
from the sulphur obtained in the copper-mine of Fah- 
lun, in Sweden. In examining, in 1817, the brown 
residuum or sediment on the floor of a Jeaden chamber 
in which the sulphur is burned, Berzelius found that this 
substance, besides containing sulphur and other impuri- 
ties, consisted in part of a peculiar substance, which , 
proved to be w simple body heretofore unknown. He 
considers it a metal, and named it Selenium , from (rt:\rjvtf t 
the moon, in consequence of its properties greatly re- 
sembling those of tellurium. In describing these pro* 
perties, we are inclined to think that many will agree 
with us in rem oving it from the rank of a metal, and 
placing it among the combustible nonmctullic elements, 
in which we follow the plan of Thomson and Thennrd, 

Selenion has hitherto bpon found principally in two 
minerals, the seleniuret of copper, ami eukairite, a 
seleniuret of silver and copper, d covered hv M. Ber- 
zelius in the abandoned copper-mine at Skriekeriun, in 
the parish of Tryserum, in Smoland. The pyrites of 
Fahluii also contain it, and it has subsequently been 
recognised with sulphur in the volcanic districts of 
Italy. 

(410.) B. The residuary powder which contains the 
Selenion has also an admixture of several other sub- 
stances ; viz. sulphur, mercury, lead, tin, iron, copper, 
zinc, and arsenic. For the complete process of sepa- 
ration, which is very complex, we must refer to the ori- 
ginal Memoir of Berzelius, (a.) The billowing are its 
principal features. The reddish brown powder is 
digested in nitro-muriatic Acid to acidify the Selenion, 

Water is then to be copiously added, and the Liquid fil- 
tered. To this clear solution, which contains the Selenic 
Acid, together with some other substances, a solution 
of muriate of ammonia is then added in excess, by 
which the Selenion is thrown Jown pure in a pulveru- 
lent state, and is to be well washed with water, then 
dried and carefully fused. 

(411.) C. Selenion i«$ at ordinary temperatures a 
solid, tasteless, and scentless substance, of a deep cho- 
colate brown colour with a sort of metallic lustre. It 
is brittle, has a eonehoidal fracture producing a lead- 
coloured surface. The powder is of a deep red colour, 
and thin fragments transmit the red rays of light. It 
may be scratched with a knife. Selemion does not 
readily crystallize, but the forms it is supposed to 
assume are those of a cube, and a quadrangular prism 
wjjli a pyramidal summit. f « 

it is a very bad conductor of heat, and is a noncon- 
ductor of electricity, which seems a strong argument 
against its being n metal ; and yet, on the other hand* * 

Berzelius was not able to produce 'blectri^ excitement 
in it by friction. Upon being heated Selenipn softens; 
at 212® it becomes semifluid, and is quite liquid at 280*. 
Fahrenheit. It may be kneaded between the Angers 
and drawn out into threads like sealing-wax, JfrlSr 
ments ho produced are red by transmitted light, and 
their reflect^Ulighf is grey. In ft retort, Selenion halls 
at a beat below rednegs, and fts vapour is a yelt©ar K 
deejier in colour than chlorine Has, bat not so deepos 



C fctmittff. thevupour ofautphur. This vapour condenses in the 
nftok of the retort in black 'drops, similar to those pro* 
duced in the distillation of mercury. But when this 
substance is heated in large vessels, or in the open 
air, the condensed vapour actually becomes *a fine 
powder of its appropriate Ted colour: a formation 
analogous to the Flowers of sulphur. Selenion when 
heated dissolves in the fat oils, in lard, ami in wax, 
bht is not soluble in the essential oils. 

(412.) D, Selenion, hasno action on oxygen Gas 
without the aid of heat; hut by the help of that agent 
* it may be made to combine with oxygen in two pro- 
portions. Fill a bulloon with oxygen Gas, and put into 
it a small piece of* Selenion, allowing the balloon to 
communicate *with a gasometer of oxygen Gas by a 
tube. Then apply a gentle heat to the matrass. If 
the balloon be only about an inch in diameter, the Sele- 
uion will infiamc the moment it enters into ebullition, 
and will burn with a feeble flame, white at its base, 
and greenish at its apex. By this combustion Selenic 
Acid is produced, which sublimes and is condensed in 
a white powder, while the Selenion totally disappears.. 
Vide subsect, 1. 

But if this experiment lie made in a large balloon 
holding some pints, the Selenion does not take fire, 
but unites all at once with the oxygen ; and in this case, 
instead of the And there is an oxide of Selenion formed 
which is Gaseous, and bus the smell of cfecayed cab- 
bage, or horse-radish. Berzelius attributes this va- 
riety of action to the pressure existing in the smull 
vessel, which does not sutler the dispersion and solati- 
lization of the oxide as in the more roomy one. The 
Gaseous oxide of Selenion is colourless ; doe' not affect 
vegetable colours ; is very slightly absorbable by wutcr, 

¥ .but communicate* to it its own peculiar odour ; does 
not unite with alkalis. Berzelius thinks that it can 
only exist us a Gas. 

(413.) E. Berzelius placed Selenion in a glass tube, 
and passed a current of chlorine through the tube us 
long as the Selenion continued to absorb any of the 
Gas. The chloride so formed wim at first a Liquid, 

* but gradually became a white Solid, as it approached 
the point of saturation. It contracts slightly by 
heat but does not nu*lt fc and then sublimes in the 
of a yellow vapour, condensing on uny cool part 

• of the apparatus in small whj/e crystals. It dissolves 

in water with slight effervescence, and the selenic 
and hydrochlogc Aciijs are found mixed with the 
water. • • 

• (414 ) F. G. Unexamined. 

• (415.) 11. Selfcnion has been combined with hydro- 
gen, r phosphorous, and sulphur. By the first hydro - 
wienie Acid is produced. See subsect. 2. By dropping 
Selenion into melted phosphorus it rapidly dissolves, 
forming at # the pome time a compound which sinks ip 
red streaks passing through the phosphorus. But these 
tw^ substances will unite in any proportion by fusion. 
Berzelius,., however, supposed that he obtained a defi- 
nite phosphufet of ^Selenium, and he found that by 
digesting ttyis phosphufdt in water the water was de- 
composed, hydroselenie Acid Gas was evolved, and 
some Selenium precipitated. 

Sulphuretof Selenium is formed bypassing hydro* 
sulphuric Acid Gas through ati aqueops solution of 
* selenic Acid. The Liquid becomes titrbid«ahd yellow ; 
and the addition of a littfe hydrochloric Acid causes the 
tulphurct of Selenion to foil down as a deep orange* 


coloured powder. TU« autjfouret sdRens at ‘^112*, . 
Fahrenheit, and liquefies by a few degrees Further ac- < *#* y **s< 
cession of temperature. It mhy be boiled and distilled ; 
oyer. The portion so distilled is transparent, of a r^d- * 
dish orange colour, resembling melted orpiment. It is 
not aciditiab.e by nitric Acid, but is more powerfully 
affected by the intro-muriatic. It is soluble in caustic 
fixed - alkali** and in the hydrosulphOrets, but again 
precipitable by Acids as a sulphuret of Selenion. 

The relations of Selenion with carbon, boron, and 
silicon have not been investigated; but with the first of 
these substances Berzelius thinks it may form u sub- 
stance analogous to the sulphurct of carbon, * 

(416.) I. We are at present acquainted with fifteen 
metallic seleniurets, and for this knowledge *we are 
indebted to Berzelius. These seleniurets are of po- 
tassium, zinc, iron, tin, arsenic, antimony, cobalt, 
bismuth, copper, lead, telurium, mercury, silver, 
palladium, and platinum; and it is probable that this 
substance will be found to unite with all other metals 
on trial. 

The metallic seleniurets seem to be subject to the 
same Chemical laws with the metallic sulplmrets. They 
are similarly affected by air, water, oxygen Gas, and 
by changes of temperature. They are also definite 
compounds, and, as in the case of the sulplmrets, it 
Seems probable that there exists more than one definite 
compound to each metal. 

The best process for obtaining the seleniurets as 
definite compounds is to precipitate their metallic solu- 
tions by hydroselenie Acid. By this method the deuto* 
seleniurets are formed. To obtuin the proto-seleniurets 
we must heat the metals in contact with Selenion, and 
then drive off* the excess of the latter by heat. 

(117.) K. The nitric and hydrochloric Acids, when 
cold, do not act upon Selenion, but with the sid of heat 
they rapidly convert it into selenic Acid. 

(418.) L. Selenion is most easily recognised by the 
very disagreeable odour of decayed horse-radish which 
a very minute quantity produces when placed in the ex- 
terior flame of the blowpipe, 

(419.) M. The rarity of Selenion would preclude its 
application to the Arts, even if it were found serviceable. 

Its Medicinal properties are unknown ; but the fumes 
of hydroselenie Acid inhaled appear to be. extreimUy 
pernicious, and Berzelius thinks that a very small quan- 
tity would prove fatal to animal life. 

Subsect. 1 . — Selenic Afid. 

(420.) A. B. This Acid was discovered by Berzelius, 
und one method of obtaining it has been already de- 
scribed ; (412.) but in practice it is found more con- 
venient to add one part of selenion to three or four 
parts of pure nitric Acid. The mixture is gradually 
raised to ebullition, and at that temperature the selenion • 
rppidly decomposes the . nitric Acid, seizing on a part 
of its oxygen. When all the selenion is dissolved, it 
is entirely acidified : the solution is tA be evaporated to 
dryness in a porcelain capsule, and is then pure Selenic 
Acid. But if the solution be only concentrated and not 
evaporated, tlte Selenic Acid will, upon cooling, crystal- 
lize in six-skied prisms. By a considerable increase of 
heat this Acid parts with water, and lastly rises in a 
yellow vapour. This vapour condenses on the upper 
part of the apparatus m long, slender, tetrahedral prisms. 
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CMwUity, (421.) C/ Selenic Acid has no scent, hut a strongly 
acid tatote* and reddens vegetable blues. It is vola- 
tilized but not decomposed by heat. It attracts some 
moisture from the air, hut does not actually deliquesce. 
It is very soluble in cold water, and still more so in hot 
water. Alcohol also dissolves it readily. Hot water, 

* whffch lias been saturated with it, lets fall the Acid in 
small crystals, if rapidly cooled, but in striated prisms 
when slowly so. 

(422r) I>. None. 

• ‘ (423.) E. Selenic Acid is capable of absorbing chlo- 

rine. The compound mo formed is capable of decom- 

Y' * posing water, and upon this decomposition hydrochloric 
and Selcnic Acids are found in the solution. 

# (424.) F. (i. Unexamined. 

(425.) H. Thenard says, “ It is probable that with 
the aid of heat, hydrogen, boron, curbon, and phos- 
phorus would decompose the* Selcnic Acid." 

(42G.) I. The same able Chemist considers it certain 
, that ^he met Ms of the first four classes will decompose 

Selenic Acid at a high temperature, and states that if 
* the Acirl&e dissolved in water, and then a little hydro- 
chloric Acid be added to the solution, a plate of zinc or 
* iron will precipitate the sclcnion in red, brown, or 
dark-grey floccnh. 

r (427.) Iv. Selcnic Acid, in any solution, is easily de- 

. composed by rendering the solution slightly acid, afnl 
then adding sulphite of ammonia. The sulphurous 
Acid takes the oxygen and becomes sulphuric Acid, 
and the sclcnion falls down as a dark powder. The 
< strong fixed Acids drive off Selenic Acid from bases with 
which it may be combined 

The Selenic Acid nines with bases in in >re propor- 
tions than one ; but lor these Salts v\e nust refer the 
reader to the Memoirs of Berzelius, or to Thenard, 
Traite dc C 'himie, art. 877. Bis. 

(42ft.) L. Thenitr tes of silver and lead arc the most 
marked tests of Selenic Acid 

SubsecL 2. — Hydrophilic Acid. 

(429 ) A. Hvdroselenic Acid is, ns the name implies, 
an Acid compounded of hy Irogen and sclcnion, analo- 
gous to the hydrosulplmric, hydrindic, hydrochloric, &c, 
Fn| the knowledge of this proximate element we have 
# still to refer to the experiments of Berzelius. 

(430.') B. The best process for obtaining this Acid 
in the Gaseous state is to act upon the seleniuret of 
iron with hydrochloric Acid iri a glass proof or small 
retort ; but as the (ias ;s soluble in water, it must be 
collected over mercury. In this process, water is de- 
composed, protoxide of iron is formed, which combines 
with the hydrochloric Acid, and Gaseous II ydroselenic 
Acid is evolved. M. Thenard, however, states that in 
this process another Gas is also formed, which is neither 
. soluble in water nor in alkalis, and that, therefore,' to 
^obtain the H ydroselenic Acid quite pure, it might be 
advisable to employ the seleniuret of potassium. 

(431.) C. This Gas is colourless, and reddens the * 
tmetufe of turnsole. Its odour, which at first resembles 
that of hydrosulplmric Acki (ias, shortly changes to a 
, sharp astringent sensation*, not eutirely devoid of pain. 
The eye* become red 'and inflamed, and. all sense of 
smell {» for a time destroyed. A bubble *thc size of a 
small pea ie sufficient to produce these effects. So at 
least Mi Berzelius found* to such an extent, .that he was 
able to apply the atrongf st solution of ammonia under 


his nose, and did not recover any power of sensation in ft ’IfoMfe . 
until five or six boat's had elapsed. At foe same time : 

a very copious defluxion from the mucous membrane of : 
the nostrils came on and continued fifteen days. Simi- 
lar, though less violent, effects took place on subsequent 
occasions, when bubbles no larger thin a pin's head 
escaped accidentally, and became mingled with the 
atmospheric air. These were not all the ills that re** 

Buffed from breathing this noxious Gas ; for even in this 
mitigated form M. Berzelius perceived the approach of 
a dry fixed cough, which came on in half an hour> re- 
mained a long time, and finally was accompanied by an * , 
expectoration, giving a taste precisely like that of the 
vapours of a boiling solution of corrosive sublimate, and 
did not depurt until he had applied a blister to his chest. 

In short, this admirable Chemist considers this the most 
noxious Gas at present known. Water absorbs a 
greater proportion of this Gas than of the hydrosulplmric 
Acid ; hut even when it holds hi If its volume in solu- 
tion, the water has acquired but little smell. 'I’he 
Liquid so lormed causes an indelible brown murk on 
the human skm, and is itself -colourless if the water be 
quite free from air ; but if left exposed, the U ydroselenic 
Acd is decomposed, and the Liquid becomes turbid 
bom the flocculi of selenion that present themselves. 

Hence it is apparent why a solution of this Miit becomes 
turbid next to the exposed surface first. 

(432.) D.TR. F. G. II. I. Imperfectly known. 

(433.) K. Nitric Acid, when .aided in small quantity 
'to the aqueous solution of Hydrosolenic Acid, products 
no effects. 

(434.) L. The aqueous solution of Hydrosolenic Acid 
causes precipitates in almost all the metallic solutions 
of the four last, classes. These precipitates art lor the 
most part black or brown, and take a brilliant metallic % 
lustre by friction with polished luenmiites. Those, 
however, of zinc, manganese, and cerium are to he ex- 
cepted ; they arc flesh-coloured, and aie supposed to 
be hydroseloniurets of the oxides, while the others are 
metallic aclcniurets. Consequently Hydroselenic Acid 
will for the most part decompose., the oxides of the last 
lour classes, even when united with the strongest Acids. 

References *o $ 7. 

(a.) Berzelius, An. dr Ch . et Ph. vol. ix. pp. 160. 
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* 

§ 8. — Nitrogen . 

(435.) A. This Gas was first discovered in 1772 by 
Professor Rutherford of Edinburgh. Scheele also had 4 
made himself acquainted with it previous to 1777 
Nftrogen forms a very considerable proportion of the 
atmosphere in which we exist. JLavotsier called it azote* 
from its not having the power of supporting animal life* «. 

(436.) B. There are*scveral methods <»m ployed for 
procuring Nitrogen Gas* 

1. Let equal weights of iron-filings and sulphur be 
made into a paste with wuter, and let the vessel con- 
taining this paste be placed on a stand over the pneu- 
matic trough. Invert over it a jar of common air, end . 
let it stand for, a day or two. One-fifth of the volume * 

of the air will disappear, and tin* remainder is Nitrogen 
Gas, . . , , 7, . * 7 # 





MMfv *. Hwwphoma burned in a dose vessel of atmospheric 
<&ver ufater removes the oxygen and leaves the Ni- 
trogen. The residual Gas should be well agitated with 
water to remove the phosphoric Acid formed. 

3. Nitrogen may also be obtained by putting some 
lean beef into a gflass proof with very dilute nitric Acid. 
A heat of about 1000° disengages the Gas, which must 
be collected over water. 

-4. But perhaps the most speedy way of obtaining it 
is to pass nitrous Gas copiously through a solution of 
, protosulphate of iron. An ounce or two of this solution 

* is then to be put into a phial, which must be closely 
corked or stopped with the thumb and well shaken ; the 
phial is then to be* inverted with its neck in another 
• portion of the* solution and unstopped, a fresh portion 

of the Liquid will enter to supply the absorption that has 
tuken place. By a lew repetitions of this process all 
the oxygen Gas will be removed, and pure Nitrogen 
will remain. 


contact, have no mutual action on each other* provided 
that both Gases are perfectly dry, A compound of 
these Gases may, however^ be produced by passing a 
current of chlorine Gas through a solution of any am* 
moniacal Salt. The roost convenient process for forc- 
ing the chloride of Nitrogen, (to which, the name of 
Azotane has been sometimes given,) is to fill a clc|ti 
glass basin with a solution of muriate or nitrate of am 
roonia, tontaijving about one part of the Salt dissolved 
in twelve parts of water, at 80° or 90° Fahrenheit 
Over this solution let a tall jar of chlorine, Gas *be in-. 


verted. The Gas is gradually absorbed, and a film of 
an oil-like substance forms on the surface* of the Liquid, ». t 
and when a drop of .sufficient size is collected, it sink£ 


down to the bottom of the basin. The best way of 
removing a globule of this chloride of Nitrogen *for any 
purpose of examination, is by a syringe made of apiece 
of glass tube, with a piston of tow wrapped round a 


wire. 


(437.) It lias Been supposed by very able Chemists, 
Davy and Berzelius especially, # that Nitrogen is a com- 
pound body. Berzelius thus reasons on theoretical 
grounds chiefly: and Davy from a very curious experi- 
ment made with the Voltaic pile. Let a smull hole be 
made in the surface of a lamp of muriate of ammonia, 
and in this hole place a globule of* mercury. Connect 
tilt* saline mass with the positive pole of the battery 
and the mercury with the negative pole; an action is 
immediately perceived in the metallic globule, its volume 
becomes enlarged, and more solid ramifications are per- 
ceptible in the fluid metal. This enlargement some- 
times extends to ten times the original volume of the 
mercury. When completed, the amalgam fif such it 
be) is of the consistency of butter. It soon, however, 
0 returns to its original state by the formation of films of 
saline matter over its whole surface. The best experi- 
mentalists, however, could only obtain mercury, hydro- 
gen, and azote from the amalgam so formed, (a.) 

(43S.) D, In ^peaking of Nitrogen with reference 
to oxygen, we art liist cilled upon to mention the 
great mass of our atmosphere, which consists almost 
• entirely of these two Gases : but from the importance 
of this agent we shall consider its properties apart in 
sub-sect. 1. t 

• When Nitrogen and* oxygen are mixed together, no 
• combination takes place. But when either of the ele- 
ments is presented to the other in a state of condensa- 
tion, or having the repulsive force of its molecules 
diminished by a decrease of heat , 41 union is effected^ 
and the mitureof the resulting compound is dependent 
• upon the respective proportions of the two elements. 
Some of these combinations are alwuys Gaseous, others, 
jhongh in themselves Gaseous also, are always seen 
in combination with so much of the elements of water 
as to be Liguidi^ 

The following is a synoptic view of the compounds 
o (^Nitrogen and oxygeiu* 

Atoms or volumes. Weights. 

| "Nitrogen. Oxygen. Nitrogen. Oxygen, 

Nitrous oxide 1-j-l 14-f- b 

Nitric oxide 1 -f 2 14 -f- 16 

Hyponitrous Acid . . 1 -}- 3 14 -j- 24 

Nitrous Acid 1 -f- 4 14 + 3i4 

Nitric Acid I -f 5 # 14 + 40 

These substance* will be noticed in* subsects. 2, 3, 4, 
b. and 8. . '■ * 

(488.) E. Chlorine and Nitrogen, when placed ia 

WAV Mr 


Scarcely any known substance requires such care in 
its management as this Fluid, for it is the most violently 
detonating body known. It is not safe to make experi- 
ments on more than a single small globule not larger than 
a grain of mustard seed. M. Dulong, who discovered it, 
received a severe injury on the occasion ; (6.) aixd Sir 
H. Davy did not fare better in repeating Dulong’s expe- 
riments. (c.) A heat something below 2 12° Fahrenheit 
causes it to explode ; also the contact of oil, phospho- 
rus, and numerous other bodies ; hut the metals, alco- 
hol. resins, sugar, or camphor, do not cause its explo- 
sion. Its Specific Gravity =r 1.653, and it is -sup- 
posed to contain Nitrogen one atom -f chlorine four • 
atoms, ((i.) 

(440.) F. Unknown. 

(441.) G. Iodine and Nitrogen do not unite by mere 
contact ; but when iodine is placed in a solution of am- 
monia in water, a brownish black iodide of Nitrogen is 
formed. This compound, like the chloride of Nitrogen, 
evaporates spontaneously in the open air, and detonates 
violently when heated or touched. 

(442.) Of these substances, hydrogen and carbon 
unite with Nitrogen, the former producing ammonia % 
see subsect. 7 ; the latter producing cyanogen , see 
suhsect. 8. 

(443.) I. Of the metals it would seem that potassium 
and sodium may be considered as uniting in some rnSu- 
ner with Nitrogen. 

(44 4.) K. None. 

(445.) L. Nitrogen is best recognised by its negative 
properties when in the Gaseous state: that it is not 
combustible, nor does it support combustion. 

(446.) M. None. • 

Subsect 1. — The. Atmosphere . 

* (^47.) “The Atmosphere is a collection of elastic 
Fluids, retained on the surface of the Earth Jby their gra- # 
yitation. Its weight was first ascertained by Galileo, 
and applied by Toricelli »o explain the rise of water in 
•pumps, and of mercury ip barometrical tqbes ; and by 
Pascal to the mensuration of. the heights of mountains. 

At the level of the Ocean it* is adequate to sustain a 
column of water having the altitude of 34 feet, or 
one* of triercuf-y ' of the height of 80 inches, and it 
presses with the weight of about 15 pounds on every 
square inct\ of surface. ‘As we ascend, the Atmosphere 
decreases iu density in a Geometrical proportion to 
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tDbemHtry. equal ascents, Thus, at three miles fn Height, the 
v — v— density of the Atmosphere Is one-half what It is at the 
Earth^aurface, or equal to a column of 15 inches of 
Ojercury ; at six miles, the barometer would stand at 
one-fourth the usual height, or at 7^ inches ; at nine miles 
Of elevation, at 3J inches ; and at 15 miles nearly at 
i one inch. Hence the greatest part of the Atmosphere 
is always within 15 or 20 miles of the Earth's surface ; 
though from the refraction of the Sun’s light, it may be 
inferred to extend from 40 to 45 miles in height. Be- 
yond the former limit it appears highly probable, indeed, 
from the recent observations of Dr. Wollaston, ( PhiL 
T ' Trans. 182*>,) that our Atmosphere does not reach at 
all ; the force of Gravity downwards, upon a single 
* particle, being there equal to the resistance arising from 
the repulsive force of the medium. We have no evi- 
dence, then, of the existence of similur matter round 
any other Planet; and, on the contrary, it has been 
ascertained by the observations of Captain Kater, that 
no retardation of the motion of Venus can be per- 
ceived in her progress towards the Sun, as would 
happen if the latter were encompassed by a refracting 
Atmosphere. The approach, also, of J upiter’s Satellites 
i to the body of that Planet is uniformly regular, till they 
appear in actual contact, showing that there is not that 
extent of Atmosphere, which Jupiter should attract to 
himself from an infinitely divisible medium filling 'all 
space. These observations are favourable, as Dr. Wol- 
laston remarks, to the existence of particles of matter 
no longer divisible, for if an elastic Fluid like our At- 
mosphere consist of such particles, we can scarcely 
doubt that all other bodies are similarly constituted ; 
and may, without hesitation, conclude that those equi- 
valent quantities, which we have learned to appreciate 
by proportional numbers, do really express the relative 
weights of elementary atoms, the ultimate objects of 
Chemical research. 

“ The great body of air constituting our Atmosphere 
is in a state of constant motion, not only fiom its accom- 
panying the Earth in its rotation round its axis, but it 
flows also ‘from the Equator towards the Poles, and 
contrariwise. Over the torrid zones the air is expanded 
by heat, and acquires a tendency to ascend, while the 
air from the temperate and frigid zones presses for- 
ward to supply the vacancy. In the torrid zones, the 
upper regions of the Atmosphere meet with less lateral 
pressure than is necessary to support them, and the air, 
therefore, overflows in both directions, so that currents 
Northward and Southward are established for support- 
ing a temperature .on the Earth’s surface, approaching 
much more nearly to uniformity, than it could have been 
without such a provision of nature.’ 1 Henry, Chtmixtry, 
vol. 1. p 287. 

(448.) We may state in general terms that the mass 
of the Atmosphere consists of 


< 


r 


By weight. 

Nitrogen Gas 77.50 

Oxygen Gas 21.00 

Aqueous vapour. . . . 1,42 


CarbcuicAcid 0.08 

. 100 ™ 


By measure. 
75.55 
23.32 
1.03 
0.10 

100 ™ 


A small quantity of muriatic Acid , is t found in the 
air which is in contact with the sea; and the aqueous 
vapour Is df course variable according to the tempera- 
tures but inother resjfects, a most singular and striking 
uniformity ofcotftposition has be(m found to pervade all 


the air hitherto examined, whatsoever may have been !!v 
the altitude from which it Has been taken. 

A pressure of 80 inches of mercury is supported by 
the ingredients already named in the following propor 
tion, supposing each to act independently of the others. * 

'V 

Nitrogen Gas 23416 inches. 

Oxygen Gas 6.18 ditto. 

Aqueous Vapour ... 0.44 ditto. 

Carbonic Acid Gas . 0.02 ditto. 

# 

Two opinions exist as to the mode in which these 
Gases exist together in the Atmosphere. The one that 
they are all in Chemical combination with each other ; 
and the other opinion is, that no such combination 
takes place, but that the Atmosphere is merely a me- 
chanical mixture of its ingredients. The latter opinion 
is ably supported by Mr. Dalton, (d.) 

It is owing to the oxygen Gas in the Atmosphere* 
that it supports respiration and combustion. When 
rarefied, the air does no}, so readily afford the food that 
is necessary for burning bodies ; and this seems to de- 
pend upon a want of condensation of that heat which 
is requisite for keeping up the combustion. Though it 
appears from Davy’s experiments, that artificial conden- 
sation does not render it better fitted for that purpose. 

(449.) The weight* of 100 cubic inches of Atmospheric 
air at thermometer 60° Fahrenheit, and barometer 30 
in. was said by Mr. Kirwan to be 30,92 grains troy. 

Sir H. Davy states it at 55° Fahrenheit, 31.10 grains. 

Sir George Shuckburgh at 30.5 grams, which is the 
estimate generally admitted. But Mr. Braude obtained 
by experiment 30.199 grains. l)r. Front, whose accu- 
racy and caution give his opinions a very great weight, 
is disposed to think that even Sir G. Shuckburgh's 
estimate is below the truth ; and from him, if from any £ 
one living, we may look for a full and satisfactory in- 
vestigation of this most important element in many of 
our calculation*. 

(450.) The determination of the quantity of oxygen 
Gas existing in a given portion of Atmospheric air, 
was early considered to be the some thing as ascertain- 
ing the purity of the air for respiration, &c. ; and 
hence it obtained the name of Rvdhomtlry , (cu 6to* 

/it/rpoi/.) 

Lavoisier exposed a quantity of mercury to heat in a 
retort which communicated with a jar of Atmospheric 
air; it will be obvious that the oxygen was removed, 
and the residuary Gas was nitrogen. 

♦ Berth ol let employed a cylinder of phosphorus ex- 
posed to a known quantity of Atmospheric air confined 
in a tube over water. By the slow combustion of the 
phosphorus the oxygen was abstracted. A vapour 
of phosphorus, ‘ however, remains, forming the ^6t par^ 
of the residuary Gas, for which allowance may be 
made. (r.) Seguin adopted the rapid combustion of 
phosphorus on similar principles. Several eudiome- 
irical instruments have been constructed for the pur- 
pose of exposing a given volume of Atmospheric air to ^ 
any liquid capable of absorbing* and fernoving Us 
oxygen. Such are Guyton’s, (/) Hope’s, (g.) Henry's* 

(A.) and Pepy f s eudiometer, (i.) The Liquid employed 

is either sulphuret of potash, sulphuret of lime* or a 

solution of sulphate of iron, saturated with nitrone 

Gas. But of all eudiometers that of Volta is* perhaps, 

the most satisfactory. It, with other instruments ol * 

the same sort* is described in our introductory Chapter 

on Apparatus . 
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SitkmvL &yrProtoxide 0 / Nitrogen. Nitrous Oxide 

• <• Goa. 

(451.) A, This substance has not been found as a 
natural production, 41 Protoxide of azote was dis- 
covered by Dr, Priestly about the year 1776, and called 
by him dephlogisticated Nitrous Gas . He procured it 
first by keeping iron-filings in Nitrous Gas, and by 
keeping a mixture of iron and sulphur in the same Gas. 
(A\) The associated Dutch Chemists examined it in 
1793, and demonstrate?! it to be a compound of azote 

* and oxygen. (/.) But for a fuller account we are in- 
debted to Sir H. Davy, who published an excellent 
Dissertation on it in the year 1S00. He gave it the 

• name of NitroAs Oxide. 0 Thomson. 

(452.) B. The best process ftfr obtaining this Gas is 
to expose nitrate of ammonia to heat in a glass retort, 
connected with a Gasometer. The heat should not 
exceed 440° Fahrenheit, and may be conveniently pro- 
duced by a well-regulated Argand’s lamp, (fit.) Should 
the air be required for respiration, it is well to let it 
stand some time in contact with water, which will absorb 
any Nitrous Gas, though at the same time it dissolves 
some of the Protoxide of Nitrogen. Carbonic Acid, 
another impurity, may be removed by a little caustic 
alkali or quick lime. • 

(453.) O. This Gas was reduced to a Liquid by Mr. 
Faraday under a pressure of at least 50 atmospheres. 
It partially supports combustion, for thuugh a candle 
will not burn long in it, phosphorus burns with great 
vigour. 

Its action with the other ultimate and proximate 
elements is not sufficiently important to be pursued by 
us here. 

(454.) M. This Gas does not support life, for an 
animal confined in it dies ; but its effect upon Man is 
so singular, that it frequently forms the subject of ex- 
periment, From two quarts to a gallon, or even more, 
may be breathed (rom a bladder or oil-silk bag, supplied 
with a stopcock. *It is essential that the aperture be 
large, so as to supply, a rapid torrent upon the lungs. 

* The effects differ in different individuals, but for the 
most part they consist in a most delightful species 
of intoxication, which ltytltt only a few minutes, and 

* • °fi again without leaving any unpleasant or de- 

* bilitating effects. From the excessive tendency to 

laughter which it produces, it has been sometimes called 
the LavghingjGas. for this point, see Davy’s liv 
searches, I vol. ftvo. • 

• 

* Svbsect. 3. — Deutoride of Nitrogen. Nitrous Gas. 

# (455.) This Gas was known to Dr. Hales, but more 
systematically examined by Dr. Priestley. It is \ery 
readily obtained* by pouring a little strong nitric Apid 
on copper-filings or quicksilver in a glass proof. When 
Acid is of this strength, the Gas is copiously evolved 
without any adventitious heat ; but if a dilute Acid be 
employed, aMamp-fteatjs requisite. 

This Gas is only ubsorbable by water in a very slight 
degree; is not acid when pure; it will not support 
respiration, and extinguishes burning bodies in gene- 
ra!, but phosphorus and charcoal, when previously 
lighted, burn vividly in it. When Deutoxjde of Nitro- 

• * gen is mixed with oxygen Gas, red*fumes*appenr, heat 

• is evolved, and if the just proportions be present for the 
formation of Nitrous Acid, the Gases disappear, ami 


that Acid is produced Ws ^ndensation of oxygen by 
this Gas forms the basisof its application to eudio- 
metry ; and as the process is extremely convenient and 
accurate, if judiciously managed, we recommend the 
examination of Mr. Dalton’s remarks* as given by Dr. 
Henry, on this subject, {«.) This Gas is decomposed 
by many bodies which have a strong affinity for oxygen ; 
for instance, iron-filings, sulphurous Acid* sulphuret of 
baryta and potassa, &c., potassium, sodium* and even 
arsenic or zinc. There is no action between this Gas 
and chlorine, unless moisture be present, in which case 
the water is decomposed ; its oxygen joins to the Deut* 
oxide of Nitrogen to form nitrous Acid; and its 
hydrogen forms hydrochloric Acid with the chlorine! 
It is not employed in Medicine, and it? effect of as- 
phyxia, when tuken into the lungs, is supposed to be 
due to the formation of nitrous Acid by union with 
oxygen. 

Subsect. 4. — Tritoxide of Nitrogen . Hypo nitrous % Ada 
Gas. 

• 

(456 ) If 400 volumes of nitrous Gas and 100 vo- 
lumes of oxygen Gas be mixed together over a solution 
of potassa standing over mercury, there resiHt 100 vo- 
lumes of Tritoxide of Nitrogen. This Acid Gas com- 
bines with the potassa. but has not yet been exhibited in 
an isolated form ; for if a stronger Acid be added to dis- 
engage it from the potassa, the Acid is resolved into 
nitrous Gas and nitrous Acid. A crystalline substance 
is formed by uniting this Acid with the sulphuric. Al- 
though the existence of this peculiar compound seems 
to be tolerably well established, we are not in possession 
of much information about it. We refer our readers to 
the w ritings of Gay Lussuc ( 0 .) and Dalton ( p.) for 
further satisfaction. , 

Sub sect. 5. — Tetartoxide of Nitrogen. Nitrous Arid Gas. 

(457.) According to Sir H. Davy, if two volumes of 
nitrous Gas be mixed with one volume of Oxygen, both 
being quite dry, the remaining volume is 1.5 ; but ac- 
cording to Guy Lussac it is only one volume. Thus a 
deep orange-coloured Gas is formed. It supports the 
combustion of a taper, of charcoal, and of phosphorus, 
but not that of sulphur. It is readily absorbable by 
water, and possesses acid properties. Water saturated 
with this Gas forms the liquid nitrous Acid of commerce. 
The solution first becomes green, then blue, and finally 
orange. Dr. Thomson considers that this Acid is pro- 
ducer! by the dry distillation of nitrate of lead ; (</.) but 
Gay Lussac thinks that the Acid so obtained is ihe hypo- 
nitrous. (r ) Berzelius states (hat liquid nitrons Acid 
boils at 160° Fahrenheit, and he considers that it unites 
wqh bases to form Salts, (a ) But Gay Lussac states po- 
* sitively that it is so readily decomposed by contact, with, 
alkaline solutions, as to be quite incupable of forming 
a class of Salts. 

Sub sect. 6 — Pempioxidt of Nitrogen. Nitric A aid Gas. 

(458.) Liquid nitric Acid, which is a combination of 
thisGa? with water, ‘'seems to have been first obtained 
in a separate* state by Raymond Lully, who was born at 
Majorcu in 1285. He procured it by distilling a mix- 
. lure of nitre and clay. Basil* Valentine, who lived in 
ihe X Vth ^entury, describes tfie process minuteiy and 
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tbe Acid water of nitre. It was afterwards deno- 
^tiatid aqua forth , and spirit of nitre , The name 
mttic Acid was first given it in 1787 by the French 
Cfhemists.” (Thomson.) 

The direct synthetic formation of nitric Acid was first 
' produced by Mr. Cavendish. It consists in passing a 
eofitinuous current of electric sparks through a mix- 
ture of nitrogen and oxygen Gases. ( t .) This Acid 
is, however, manufactured by distilling a mixture of 
sulphuric Acid and nitre. The Gaseous product is 
, conducted into a vessel containing water, which being 

absorbed produces liquid nitric Acid. ( u .) Nitric Acid 
* Gas consists of five atoms of oxygen + one atom of 
nitrogen, but the strongest liquid Acid that can be 
' obtained consists of the Acid Gas one atom + water one 
atom. It is frequently a matter of great convenience to 
know the quantity of real Acid contained in solutions of 
given density. We have, therefore, inserted Table VI. 
in Part V. by Dr. Ure,ns the most extensive with which 
, we ay acquainted for that purpose. The Acid which 

Professor Thomson supposes to contain one atom of 
water to* one atom of dry Nitric Acid Gas should 
have a Specific Gravity = 1.55, but that which he oh- 
r tained emialled only 1.534. The Table, however, 
deduced from his experiments (t\) will he found Part 
« V. No. VII. 

The most stable combination of this Gas with watfcr, 
forming a liquid Acid that may be distilled over* has Spe- 
cific Gravity — 1 .4237, and contains probably tour atoms 
of water to one of real Acid. It boils at 24S° Fahrenheit. 
The density at which nitric Acid most readily freezes, 
is, according to Mr. Cavendish, that of Specific Gravity 
1.3, requiring a temperature of — 2° Fahrenheit. Two 
parts of Acid rapidly mixed with one part of water, Imth 
at 58° Fahrenheit, produce an elevation of temperature 
equal to 120° Fahrenheit. And fifty-eight parts by 
weight of Acid, Specific Gravity 1.50, added to forty- 
two parts of water, both at 60° Fahrenheit, arc raised 
to 200° Fahrenheit. (tt\) 

The force with which this Acid retains its oxygen 
is not very* considerable, so that combustible bodies 
readily decompose it : hence its effects on most of the 
metals. Thus also hydrogen decomposes it when heated, 
und produces a violent explosion. Essential oils pro- 
due* an analogous effect, but the experiment is one 
€ requiring great caution. 

This Acid is of great sen ice in the Arts as a sol- 
vent of metals; and it has been employed partially in 
Medicine, hut it does not appear to possess uny very 
specific action on the human frame. 

Nitro-Muriatic Acid . 

(459.) For the sake of simplicity we retain the old 
name for this Acid, which is not, in fact, to be consi- 
.dered as even a proximate element, but only a com* 
,puund frequently employed in Chemical researches. It 
is generally formed by mixing two parts of nitric Acid 
with one of hydrochloric Acid by weight ; or even by 
me part of thq, former to four qf the latter ; n variation 
which abundantly proves either that the proportions are 
4 not very important, or that the rationale of the effects 
produced te not understood. The latter point has indeed 
been partially examined by Sir H. Davy; ( 2 r.) lie "has 
rendered It probable that the peculiar properties of this 
Acid a re owibf to a mutual dec6mpoeition qf the nitric 
muriatic Acids, the oxygen of the former uniting 


with the hydrogen of the latter, inconsequence of which iyt ih 
water, chlorine, and nitrous Acid are the restilta. For 
every 101 parts by weight of real nitric Acid (equivalent 
to 118 of hydronitric Acid) which are decomposed, fit 
parts of chlorine, he calculates, are produced. Accord 
ing to this view, it is not correct to say that aqua repia 
(the old name of Nitro-Muriatic Acid) oxidates gold 
or platinum, since it merely causes their combination • 
with chlorine. By long-continued and gentle heat 
Nitro-Muriatic Acid maybe entirely deprived of chlo- 
rine, and it then loses its power of acting on gold or 
platinum. 

“The Nitro-Muriatic Acid does not form with alka- 
line or other bases a distinct genus of Salts, entitled 
to the name of intro-muriates ; for when Combined with 
an alkali, or an earth, the solution yields on evaporation 
a mixture of u muriate and a nitrate ; and metallic 
bodies dissolved in it yield muriates only.” Henry. 

SubsrcL 7- — Ammonia . 

(460.) A. The liquid solution of Ammonia in water 
was known to the Alchemists, ns it is mentioned in the 
writings of Basil Valentine and Raymond Lully. Dr. 

Black first pointed out the difference between its pure 
and its carbonated fiym, and Priestley first exumined it 
as a Gas, calling it alkaline air. It is found in combi- 
nation with Acids among volcanic products, and it is 
disengaged together with other Gases during the spoil 
taueous decomposition of putrescent animal and vege- 
table matter. 

(461.) B. Pure ammoniacal Gas is readily obtained 
for experiment by applying a lamp-heat to common 
liquor Ammonia v in u gas bottle w ith a bent tube. The 
Gas must he collected over mercury ; or it may be pro- 
duced by mixing equal parts of dry Sal ammoniac (hy- 
drochlorate of Ammonia) with dry quick-lime, both in 
fine powder, und applying a lamp- heat, collecting the 
Gas as before. This Gas, w hich of course is the most 
pure form of the volatile alkali, consists of nitrogen 
combined with hydrogen in the proportion of one vo- 
lume or atom of the former -f- tlr.ee volumes or atoms 
of the latter condensed into two volumes. Thcsyniherie 
union of these elements has not yet been effected, but 
the decomposition of Ammonia f«Ky proves the accuracy 
of such u view of its constitution. Jt. was analysed by 
A. Berthollet, and most satisfactorily by Dr. Henry, (.r.) 
by detonation with oxygen. For the method of obtain- 
ing Ammonia for Mtylical and Commercial purposes, we 
must refer to Mr. Richard Phillips’s excellent translation 
of the Pharmacopoeia . (?/.) 

(462.) C. Ammoniacal Gas has a most pungent odour. 

It extinguishes flame, and when undiluted, cannot be 
respired. It is not sufficiently inflammable to burn in 
atmospheric air; but Dr. Henry found that he could 
igtfite a small jet of it issuing into an atmosphere of 
oxygen Gas. It is lighter than atmospheric air, as will 
be seen from the table of Specific Gravity in Part V. « . 
Heat is capable of decomposing it when parsed through 
a porcelain tube; so also is a current of electric sparks. 

Water will absorb 190 per cent, by volumes of this GtiS, 

Its properties are decidedly alkaline, as it turn# ve- 
getable blues to green, and saturates Acids so as to form 
a class of Salts. At 50° Fahrenheit, and under u pres- 
sure of 6.5 atjnqspheres. Ammonia becomes a limpid 
colourless Liquid. t 

(463, ) # D. Oxygen his no immediate action on am 
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ChtomMiy. maniacal Gfce but by explosion in Volta's eudiometer 
it combines with the hydrogen, setting free the nitrogen, 

(494.) E. Scheele first applied chlorine to Gaseous 
Ammonia, and thus effected its decomposition ; hydro* 
chloric Acid and nitrogei) resulting. Professor Thom- 
> son has availed himself of this process very successfully 
in the analysis of Sal Ammoniac. (2.) There can then 
be no combination of chloriue with Ammonia. 

(465*) F. Unknown. 

(466.) G, Iodine absorbs dry Ammonial Gas without 
decomposition ; a brov&iish-red viscid substance results. 

• But if iodine be added to the aqueous solution of Am- 
monia, decomposition takes place, a part of it unites 
with the hydroger* to produce hydriodic Add, while 
another portion of the iodine unites with nitrogen, and 
forms a black powder of powerful detonating properties. 

(467.) H. Unimportant, or in some cases none at all. 

(468.) I- There is some sort of action between Am- 
monia and the metals, though its nature does not seem 
to be well understood. Of this we have the most im- 
portant instance mentioned I11 Art. (426.) Thcuurd 
ascertained that when iron, copper, silver, gold, or 
platinum are enclosed in a heated porcelain tube, through 
Which Ammonia is passed for ijs decomposition, they 
materially aid the process, and in the order above set 
down. The iron is rendered brittlj>, and the copper still 
more so; hut the metals undergo no change of weight. 
Iron, however, decomposes a much greater quantity of 
the Gas than platinum does, and at a much lower tem- 
perature, (an.) 

(469.) Iv. The qualities of * tnmonia are so decidedly 
alkaline, that it never performs the part of an Acid with 
any base ; but it acts extensively as u base, forming 
numerous and important Suits. With carbonic Aoid it 
unites in three different proportions. 

(470.) L. Arnmonmcal Suits are readily recognised 
by the odour they emit vvheu rubbed in a mortar w ith a 
small quantity of (puck-lime : when the Ammoniucal Gas 
thus evolved is very minute in quantity, it is rendered 
very apparent by. holding over the powder 11 glass rod 
which has been dipped in hydrochloric Acid. White 
. fumes are then seen, consisting of hydrochlorate of 
Ammonia^ 

(471.) M. Preparations of Ammonia are of consider- 

• pble service in Medicine* In small quantities they act 

• # ns stimulant, rubefacient, and antacid : in larger quan- 

tities they ore emetic. 

Subject. Hr— -Cyanogen. Bi car bur cl of Nitrogen, 

• 

(172.) Cyanogen Gas derives its name from icvavoi, 
blue, and ^tyroyat % to generate, because of its forming 
the essential part of Prussian blue. It owes its name 
•and rank, as a proximate element, to the researches of 
Gay Lussac, made in 1815. (66.) Scheele had, however, 
accidcntalfy prdtiuced the same substance long before. 

To obtain this Gas, # the cyanuret of mercury ( o/irn 
* « I^ussiate) is to be carefully dried, and then exposed in 
a small retort to the heat of a spirit-lamp. Gaseous 
Cyanogen i» evolved,* and the mercury is sublimed. 
This Gas f is without colour, but bus a pungent oclottr. 
It is a limpid Liquid, at 45° Fahrenheit, under a pres- 
sure of 3.6 atmospheres. It extinguishes burning 
bodies, and is itself combustible, burning with a beau- 
• tlfdl purple flame. At 60° Fall renh eft,, water absorbs 
4.6, and alcohol twetfty^three time^ its volume of this 
Gi*. This Gas has a strong* affinity for th$ metals, 
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thus producing metaUtc cyanufets $ but its affinity for IRr’II. 
oxides is very slight. It doer not for#* stable com- 
pounds with bases; and though its aqueous solution 
reddens litmus-paper, that effect js due to the formation 
of other Acids by mutual decomposition, so that it cannot 
be considered as an Acid, (pc,) Cyanogen contains 
nitrogen Gas one atom or volume 4- carbon vapour 
two atoms or volumes condensed into one volume. It 
may be anafysed by detonation with oxygen in Volta's 
eudiometer. " 

The compounds of Cyanogen are highly interesting, # 

forming a class of important proximate elements. The 
following is a synoptic view of their constitution f % 

Cyanic Acid =s oxygen one atom -f Cy* § 

anogen one atom. * 

Of this Acid there seem to he two varieties, having the 
same ultimate constitution. 

Hydrocyanic Acid = hydrogen one atom + Cy- 

anogen one atom. 

Chlorocyauic Acid = chlorine one atom M- Cy- # 

anogen one atom. 

Iodide of Cyanogen = iodine one atom 4* Cya- 

nogen one atom. 

Ferro-hydrocyanic Acid . =r iron one atom -j~ hydrogen § 
two atoms 4~ Cyanogen three atoms ; 

9 or = hydrocyanic Acid two * 

atoms -f- cyanuret of iron one atom. 

Sulpho-hydrocyauic Acid sulphur two atoms 4- hy- 
drogen one atom 4" Cyanogen one atom ; 

or = bisulphuret of Cyanogen 
one atom -f* hydrogen one atom. » 

Selenio-hydrocyanic Acid = selcnion ? atoms 4* hy* 
drogen ? atoms -f Cyanogen ? atoms. 

These compounds we shall briefly notice in succession* 

v 

Cyanic Acid. 

(473.) That there should be two varieties of Cyanic 
Acid having the same atomic constitution* is a singular 
fact ; but is not, according to the pieseut belief, with- 
out parallel. 

Cyanic Acid ofM. Wohler . — This Chemist found that 
when alkaline solutions are saturated with cyanogen 
Gas, a decomposition takes place, and that 41vclro- • 

cyanic and Cyanic Acids are both produced, so that 
the action of alkaline solutions on Cyanogen is similar to 
that upon iodine, chlorine, or sulphur. 

The cyanate of potassa is obtained by exposing to a 
low red-heat a mixture of ‘equal weights of ferro-hydro- 
cyanate of potassa and tinely-powdereH peroxide of 
manganese. The mass that has been heated is then to 
he boiled in alcohol of eighty-six per cent, strength ; 
and as the solution cools, cyanate of potassa is depo- 
sited in small luminary crystals. This Acid forms a 
soluble Salt with baryta, and insoluble £alts with thg 
oxides of lead, mercury, and silver. (Ad,) 

Cyanic Acii of M. Liebig . — This Acid was obtained 
from the fulminating mercury of Mr. Howard, a com- 
pound to be hereafter described. (See mercury,)* This 
substance seems to consist of a true cyanate of mcr- $ 
cury. , Similar Salts may be formed of silver and other 
metals ;• but the Cyanic Acid has not hitherto been ob- 
tained from them in a separate state ; for in attempting 
their decomposition by' alkalis, double Sabs are formed* ’ * 
which also possess detonating properties, (ee.) 
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Chemistry Hydrocyanic Acid. — Prussic Acid t Scheele. 

^474.) Seheele discovered this Add in 1782 ; and 
BerJhuUet ascertained iw ultimate elements to be car* 
bow* nitrogen, and hydrogen. Gay Lussac, by disco* 
vering the true nature of cyanogen, showed it to be the 
baseof the Acid, and hydrogen the acidifying principle. 

: Hydrocyanic Acid is obtained by heating three parts 
of cyanuret of mercury with two parts by weight of con- 
centrated hydrochloric Acid in a glass retort. A vapour 
# of water, hydrochloric Acid, and Hydrocyanic Acid 

rises, and is purified from the hydrochloric Acirl by being 
f * sintered to pass through a narrow tube, containing frag- 
ments of marble, which take up the latter Acid. It is 
0 next conveyed through dry chloride of calcium, and con- 
densed in a vessel surrounded with ice. 

Vauquelin, however, recommends in preference, that, 
a narrow horizontal tube should be filled with fragments 
of the mercurial cyanuret ; and that then a current of 
, hvdrosulphnric Acid Gas should be slowly admitted. 
The instant that Gas comes in contact with the cyanu- 
ret, double decomposition ensues; Hydrocyanic Acid 
and the black sulphuret of mercury being generated. 
t The progress of the hydrosulphuric Acid along the tube 
may be distinctly traced by the change of colour, and 
, the experiment may be terminated so soon as the whole 
of the cyanuret has become black. The Ilydrooyante 
Acid is then to he expelled by a gentle heat, and col- 
lected in a cool receiver. 

For Medicinal purposes it is prepared at Apothe- 
caries* Hall, by mixing in a retort one part of cyanuret 
of mercury, one part of hydrochloric Acid, (Specific 
Gravity 1.15,) and six parts of water. This is distilled 
at a gentle heat, giving an Acid of Specinc uiavity 
0,995. (Jf) 

Pure condensed Hydrocyanic Acid is a limpid Fluid 
of Specific Gravity 0.7056. at 45° Fahrenheit. It has 
a strong odour of the peach blossom, and the vapour, 
when breathed even with much atmospheric air, pro- 
duces giddiness and he&dach. When diluted, it has the 
f taste of bitter almonds. This Acid is extremely vola- 

tile, and boils at 79° Fahrenheit : at zero it congeals. 
Even when closely confined, it most readily undergoes 
spontaneous decomposition, so that it cannot well he 
preserved undiluted many days. During decomposition 
it assiffhes a brownish tint. It reddens litmus* paper 
feebly, and combines with bases to form Salts ; but it 
is so feeble as not to decompose the carbonates, nor can 
it be made to neutralize potassa. 

By Voltaic electricity |t is decomposed, the hydrogen 
appearing at the negative pole, the cyanogen at the posi- 
tive one. It is also partially decomposed by being 
passed through a red-hot porcelain tube. With oxygen 
Gas it detonates in Volta’s eudiometer. It is best 
analysed by potassia, as in Gay Lussac’ & experiments. 

Free Hydrocyanic Acid is readily recognised by 'its* 
odour, A Avid which is supposed to contain it may be 
agitated with finely-powdered oxide of, mercury. By 
double decomposition water and cyanuret of mercury 
are produced, f nnci on evaporating the filtered solution, 
small crystals of the cyanuret are obtained. 

* Dr. Ure has given the following process for estimat- 

ing the strength of any solution of Hydrocyanic Acid met 
with in commerce. To 100 grains of the Liquid con- 
tained in a phial* let small given quantities of the finely- 
powdered peroxide of -mercury successively be added, 
until it ceaoee to be dissolved* The weight of peroxide 


so dissolved, divided by four* gives the quantity of Teal 
Hydrocyanic Acid present." (ggv) , 

The distilled water of the Primus Laurfrccraius 
owes its odour and poisonous properties to this Add; 
it exists also in the bitter almond* and in the bird* 
cherry. 

The Hydrocyanic Acid, when pure, is so violent a 
poison, that one drop may be fatal. In a diluted state 
it is now given Medicinally with much success, chiefly 
to allay irritation in pulmonic cojnplaints. (AA.) 

Chlorocyanic Acid „ * 

(475.) If chlorine Gas be passed Ihrough an aqueous 
solution of hydrocyanic Acirl, until the Liquid acquires 
bleaching properties, and then the redundant .chlorine 
be removed by agitation with mercury, two Acids re* 
main, the hydrochloric, and the Chlorocarbonic, first 
called the Oxyprussic by Berthollet. This Acid is at 
present little known, and f seems scarcely to have been 
obtained in u separate state. Its composition, as stuted 
by M. Gay Lussac, has been already mentioned. 

Iodide of Cyanogen ; or Cyanuret of Iodine . 

(476.) Such are the names given to a compound of 
these elements not possessed of acid properties. It was 
discovered in 1824 by M. Serullas, and may be obtained 
by mixing two parts of cyanuret of mercury with one 
of Iodine, both quite dry, in a glass mortar. This mix- 
ture is to be put into a wide-mouthed phial. On the 
first application of heat, vapours of Iodine appear, but 
so soon as the Cyanuret undergoes decomposition, 
white fumes are seen, which will condense on the sides 
of a cool glass receiver in floeculi like cotton wool. 

This Iodide of Cyanogen has u caustic taste and acrid 
odour, exciting tears. It is veiy volatile, and bears a 
heut of more than 2 12° Fahrenheit, without decomposi- 
tion, but its elements are disunited by a red-heat. It is 
soluble in water, (it.) 

Ferro-hydrocyanic Acid. Fere ure tied Chyazic Acid. 

( Vorrett .) Ferro-cyani° Acid . A aide. Hydro-cya- 

niqve ferrurb. ( Thenard .) ' t 

(477.) We ure disposed to prefer the name standing 
first among these synonymes, as best expressing the 
constitution of tills Acid ; viz. tlfiit iron %nd hydrogen 
both simultaneously combine in forming at) acid com* 4 

pound, having cyanogen for a base.. Or it mftght 
possibly be said that iron in combination exerts a modi* 
tying agency upon what would otherwise be Hydro- 
cyanic Acid. Mr. Porrctt, to whom, with Messrs,* 

Wilson and Rupert Kirk, we are much indebted for 
able researches into the nature of these Interesting corn* 
pqunds, proposed the name of Chyazig Acid, forming 
the word from the initial parts of its elements, carbfftt, ^ 
hydrogen, and azpte. We object to*the name of Ferro* 
cyanic Acid, because it would* seem to express the 
nature of the substance, and yet omits un % important 
element. By some it is considered that hydrogen acts 
as the acidifying principle upon a sort of double radical 
consisting of both cyanogen and cyanuret of iron. , 

The following are two processes recommended by , 

Mr. Porrett for obtaining this Acid, L Let 58 gtybtfr 
of crystallized tartaric Add be dissolved in alcohol* wid 
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ChwUtfy, lot tin* Liquid be mixed with 50 grain* of Ferro-hydro- 
eyan&teofpota*sa, (prusaiate ofpotash,) dissolved in the 
smallest poaaible quantity of hot Water, The bitartratc 
of pOtaasa S* precipitated, and the dear remaining solu- 
tion, on being allowed to evaporate spontaneously, gra- 
dually deposits small yellow cubic crystals of Ferro- 
hydrocyanic Acid. 

2. Let sulphuric Acid be mixed with Ferro-hydro- 
eyanate of baryta, in the proportion of 2.53 grains 
of real sulphuric Add to every ten grains of the Salt. 
The insoluble sulphate of baryta is precipitated, and the 
Ferro-hydrocyanic Acid remains in solution. 

This Acid is not volatile* neither in small quantity is it 
a poison. By expqpnre to light it gradually decomposes, 
forming Hydrocyanic Acid and Prussian blue. But it 
is a more stable compound than Hydrocyanic Acid is. 
It reddens vegetable blues, mid neutralizes alkalis, 
displacing also the carbonic and acetic Acids. It is now 
pretty generally admitted that Ferro-hydrocyanic Acid 
contains no oxygen, and that Prussian blue is a Ferro- 
hydrocyanate of thd peroxide of iron. For the very 
elaborate Memoirs that have appeared on this substance 
see the reference ( kk .) The persalts of iron are the 
most delicate tests of the presence of this Acid. 

S i/ Ipho-hy d rv ry a n i c Acid . Sulpho cyanic Acid , or 

Sulphuretted Chyazit Add . 

(478.) The last of these synonymes is the name 
given to un Acid by its discoverer, Mr. Porrett, in 1828. 
It is obtained by the following process. Let equal 
weights of powdered Ferro- hydrocyanate of potassa 
and Flowers of sulphur be well mixed, and exposed in 
a small flask to a heat sufficient to keep the sulphur in a 
liquid state for several hours. When the mass ha* 
become cold, let it be pulverized and digested in water, 
bo as to take up every thing soluble. Filter the Liquid, 
and drop in a sufficient quantity of potassa to precipi- 
tate any iron that may be held in solution. This Liquid 
is a solution of Sulpho-hydrocyanatc of potassa. Sul- 
phuric Acid is they to be added in sufficient quantity to 
engage the alkali, aiql the mixture is to be distilled. 
The Liquid so obtained is a solution of Sulpho-hydro- 
cyanic Acid in water. 

The Acid thus proposed is a transparent Liquid, liav-- 
- iqg sometimes a light'pu^ colour. The greatest den- 
* • «ity that Mr. Porrett could obtain was 1.022. It boiled 

at 216,5° Fahrenheit, and at 54° 5 Fuhrenheil crystal- 
lized in six-sided prisms. It reddens litmus-paper, und 
forms Salts wifli alkaline bases. Itw presence is readily 
detected by its giving a white precipitate with a Salt of 
the peroxide of copper, and a deep blood-red one with 
any persalt of iron. At present we are under some un- 
certainty about*the mode of combination among the 
flements of this Acid. It is supposed by some to be a 
hydracid, having bisulpburet of cyanogen for its no- 
dical. (IL) * 

m Sclcnio- hydrocyanic Acid . 

(479.) Thg existence of an Acid to which this name 
Will apply, has been detected by M, Berzelius but at 
present it lifts been little examined. 
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CHAPTER IV. 

9 

General Remarks on the Metals. 

(480.) It may possibly conduce to a clear under- Mot 
standing of the properties of this most interesting class 
of bodies, if we take a brief sivvey»of the various arti- 
ficial divisions or systems of classification which have 
been proposed for them. Seven Metals only were 
known to the Ancients, gold* silver, iron, copper; lead, 
tin, and mercury. These were divided into perfect and 
imperfect ; gold and silver being considered the per- 
fect metals, from their superiority over the others in 1 
ductility, tenacity, and probably in a great measure from • 
their not being .liable to rust or decay. The XYITIth 
century, however, as it produced that system of Chemical 
analysis which we now regard as accurate, gavotbirih 
to several other pure Metals ; the Chemical elements 
obtained in separating the constituent parts of compound 
bodies. , 

The next arrangement that we feel disposed to men- 
tion is that of Fourcroy fc in many respects a convenient 
classification* to foe borne in mind. He divides thq 

Metals into five Orders.- 

* 
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, Order 1 . — Brittle and Acidffiable . 

Arsenic. Molybdenum. 

Tungsten. Chromium. 

Order 2 . — Brittle and simply Oxidable . 

Titanium. Bismuth. 

Uranium. Antimony. 

Cobalt. Tellurium. 

Manga nese. 

t 

Order 3 . — Oxidable and imperfectly Ductile . . 
Mercury. Zinc. 

Order 4.— Easily Oxidable and Ductile. 


' Tin. Iron. 

Lead. Chopper 


Order 5 . — Difficult of Oxidation and. wry Ductile. 

Silver. Palladium. 

« Gold. Platinum 

Anotluyr arrangement was proposed by Dr. Thomson 
in the 3d Edition of his Chemistry, and is employed by 
Lr. Henry. Here there are four Classes. 

Class l . — Malleable Metals . 


Gold 

Osmium. 

Platinum. 

Copper. 

Si her. 

Iron. 

Mercury. 

Nickel 

Palladium. 

Tin. 

Rhodium. 

Lead. 

Iridium. 

Zinc 


Class 2 . — Brittle and easily fused. 

Bismuth. Tellurium. 

Antimony. Arsenic. 

• Class 3 . — Hr if tie and difficult of^Ft ision. 

Cobalt. Molybdenum. 

Mati^an cm; Uranium. 

Chromium. Tungsten. 


Class 4 . — Refractor y Metals. 

*■ Titanium. 

Colutnbium. 

Cerium. 

In the most recent edition of Dr. Thomson’s Work, 
arsenic, tellurium, and osmium are removed from the 
rank of Metals, and tab in with his 44 acidihable com- 
bustibles,” phosphorus, sulphur, &c. Then come 31 
Metals, which form 44 alkalis or bases capable of con- 
stituting neutral Suits with Acids, by uniting with the 
supporters of combustion.*’ These are arranged under 
five Families. «, # 

, Family 1. contains those bodies which, 44 when 
combined with oxygen, possess the alkaline properties 
in the greatest perfection. They all ednvert vegetable 
blues to green, and arc all soluble in water, with the 
exception of magnesia,” which is so to -only a very 
alight extent. Here we hove the bases of' the alkalis 
and alkaline earths of former Chemists 

1. Potassium. 5. Boriwn 

2. Sodium* 6, Strontium. 

S. Lithium* - L Magnesium. » 

4 . Calcium. 


Family 2. — The compounds which the elements con- P»rt II. 
tained in this Family “form with oxygen are white, and w-v-*** 
these oxides form colourless solutions in Adds; it has 
hitherto been impossible to reduce them in any quan- 
tity to the Metallic state. They are insoluble in water, 
and produce no alteration in the colour of vegetable 
blues. On that account they were formerly distin- 
guished in Chemistry by the name of earths proper." 

1. Yttrium. 4. Zirconium. 

2. tilucinutn. 5. Thorinum. 

3. Aluminum. f 


Family 3. — The Metals in this Family* 44 are distin- 
guished by two properties : 1. Their oxides cannot be re- 
duced to the Metallic state by the inAst violent heat that 
can be applied. 2. When dissolved in an Acid they can- 
not be precipitated in \he Metallic state by plunging 
into the solution a rod of any other Metal/* 

1. Iron. 4. Manganese. 

2. Nickel. 5. Cerium. 

3. Cobalt. , 6. Uranium. 


Family 4. — The substances belonging to this Family 
44 are precipitated from their solutions in Acids, in 
the Metallic state, in the order of the following Table. 
Ziuc precipitating nil the others; but not being itudf 
precipitated by any oj them. Lend precipitates all ex- 
cept ziuc ami cadmium. Tin all except zinc and 
lead. Copper precipitates only bismuth, mercury, 
and silver. Silver is precipitated by all the rest, but 
doe* not itself precipitate any of the others/* 


1. Zinc. 

2, Cadmium. 
8. I^eud. 

4. Tin. 


5. Copper. 

6. Bismuth. 

7. Mercury. 

8. Silver. 


Family 5, — In this Family, consisting of five Metals, 
44 they all require a strong heat to fuse them ; they are 
all insoluble in nitric Acid, and their oxides arc redu- 
cible to the Metallic stute by the application of heat 
alone.’* 4 , 

1. Gold. 4. Rhodium. 

2. Platinum. 5. ’Iridium. 

3. Palladium. 


The remaining Metals which in Dr. Thomson** 
system do not enter any of these? Families constitute a 
genus apart. They ore described as 41 bodies produ- ’ 
ciug by their union with the supporters of combustion 
imperfect Acids, or substances intermediate between 
Acids and alkalis/* f • % 

1. Antimony. 4. Tungsten. , 

2. Chromium. 5. Coluriibium. 

3. Molybdenum. 6. Titanium. 

(481.) We now proceed to that classification of the* 
Metals which we have adopted in this Essay. It is 
ulVnost identical with thut made use <#by M. Thenard 
in former editions of his admirable Traite dc Chimie; 
but it differs in that we have already treated of silicon efiy 
removing it from the class of Metals: a pleasure jus- 
tified by the opinions of Thomson and Berzelius. In 
the last edition of M.Thenard’s Work (the fifth) he has 
placed silicon and zirconium in a division by them- 
selves as intermediate between the substances of our 
third Chapter and the Metals. Berzelius has recently 
ascertained* tjnlt thorina , which he had considered a 
peculiar earth, is a phosphate of yttria. , ,The inline, 
howevqf, still remaiift in our Synopsis, as the same 
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Chenvsfrv. Chemist ha* discovered another earth which he deems 
'-***S m m* a simpie substance, and from a similarity of properties 
proposes that it should occupy the vacant name. The 
following forty Metals then will stand in six classes, 
chiefly dependent for their distinction upon the degree 
of their affinity for oxygen. 

(482.) Clem 1. — Those Metals which lm\£ not yet 
been actually obtained by reduction from their oxides, 
and exhibited in a pure estate, though considered Metals 
on sufficiently strong analogies. 

1. Zirconium. 4. Yttrium. 

2. Thorinurn ? • 5. Glycynurn. 

• 3. Aluminum. 6 . Magnesium. 

(483.) Cltun 2. — Metals whicli instantly decompose 
water at ordinary temperatures ; combine with oxygen 
(Jos at the .same temperature, or by the aid of a slight 
heut ; and whose oxides are reducible by Electricity, 
or by certain very combustible^ bodies ; but cannot Le 
reduced by heat alone. 

J. Potassium. 4. Barium. 

2. Sodium. 5. Strontium. 

3. Lithium. 6 . Calcium. 

(4S4.)* 3 — Metals whiclj are capable of 

decomposing water but only at a red heat ; which 
combine with oxygen at some temperature ; and whose 
oxides are reducible by electricity, and by different com 
bust i hie bodies, though not reducible by any heat alone 
however \n»lcnt. 

1. Manganese. 4. Tin. 

2. Zinc. 5. Cadmium. 

3. Iron. 


(48b.) Class 4.- — The Metals of this section are in- 
capable of decomposing water at any temperature ; 
they combine with oxygen upon some elevation of tem- 
perature ; their oxides are reducible by Electrieitv, and 
by different combustible, bodies, but not reducible by 
heat alone. # 

The Metals of this station arc again subdivided into 
first, those which are capable of becoming Acids ; and 
secondly, those which form oxides only. 


* i 

Acidifiahh. 

1. Arsenic. t. Tungsten. 

2. Molybdenum. 3, Columbium. 

3. Chromirtni. • 


Nol Acidifiubk. 


1. Antimony. 

2. 1 1 rani unit 

• 3. Cerium. 

4. Cobalt. 

5 Thallium* 


fi. Bismuth. 

7. Copper. 

8. Tellurium. 

9. Nickel. 

10. Lend. 


1V^. Then a rd suggests tjiat some of these, especially 
• antimony, titanium, and tellurium, have a claim to be 
considered urtyt liable 'Metals. 

(48b\) C/<jm 5 - -Metals which do not decompose 
water at any temperature, blit which combine with oxy- 
gen at some temperature or other, and whose oxides 
are reducible by heat alone. 

9 i. Mercury. 2. Osmium. 4 

(487*) €la$i0 , — Thos** Metals which do* not decom- 
pose water at any temperature: tio not combing with 
# oxygen at any temperature ; ami whose oxides formed 
indirectly are easily reducible, by heat alone. 4 

\OL f IV. 


1. Silver. 4. Platinum. 

2. Palladium. 5. Gold. 

3. Rhodium, 6. Iridium. 

METALS. CLASS I. 

• Sect. I. — Zirconium . 

(488.) Of this Metal, the oxide of which forftts the. 
earth Zirconia, (see suhsect. 1.) we have few details, 
and for the slender knowledge which we possess, we 
are entirely indebted to Sir II. Davy. He submitted 
the earth Zirconia, in contact with potassium and mer- 
cury, to the action of Voltaic Electricity, and Obtained 
results which showed that some portion of the earth 
had undergone decomposition ; the metallic amalgam 
being capable of decomposing water, ami the Zircon 
earth being found as a product a her that decomposi- 
tion. Davy also applied potassium to Zirconia *at a 
white heat; the potassium “ was for the most part 
converted into potash, and dark particles, which, when 
examined with a magnifying glass, appeared metallic in 
some parts, and chocolate brown in others, were found 
diffused through the potash and the undccomposed 
eatfh.’’ (a.) 

Subject. 1 .* — Zirconia . 

(4S9.) A. By analyzing Zircon, a mineral found in 
the Island of Ceylon, Klaproth, in th^ year 1789, dis- 
covered a new earth, which he named Zirconia. (b.) • 
In 1795 he published his Analysis of the Hyacinth, 
another mineral from the same island, and found in this 
als a cnnsjdefnhle proportion of the same earth, (c.) 
Morveau then, in 1790, examined the Hyacinths from 
Hxpadly in France, in which he also found Zirconia. (d ) 
VaiKpielin has also given some Memoirs on this sub- 
ject ; (r.) and still more recently, M. Chevron!. <( fi) 
MM. Dubois and Silviera have proposed an improved 
process for obtaining this earth. ("•.) • 

(490.) B. This process consists in submitting the 
Zircons, reduced to a tine powder, and mixed with two 
parts of pure potash, to a red heat for an hour in a 
silver crucible. The mass is then treated with distilled 
water filtered and thoroughly washed. The residuum 
upon the tiller consists of Zirconia, silica, with some 
potash, and oxide of iron It is then dissolved in 
hydrochloric Acid, and evaporated to dryness, for the 
purpose of separating the silica. Let the muriate of 
Zirconia and iron he redissolved in water; and to 
separate a little Zirconia which will adhere lo the hiliea, 
wash the latter with a little weak hydrochloric Acid, 
and mid this to the solution. Alter filtering the Liquid, 
let the Zirconia and iron be precipitated by pure am- 
moiiftt ; wash the precipitate well, and treat it with 
oxalic Acid, boiling them well together; ^>y this the # 
oxide o'f iron will be dissolved out, and an insoluble 
oxalate of Zirconia will* be formed. Filter and wash 
the oxalate until no iron can be detected in the wash- 
ing. The oxalate of Zirconia well washed and (fried 
is of an opaline colour, and. may be decomposed by 
heat in a platinum crucible. 

(491.) *C. Zirconia is a fine, white powder without 
taste or smell, but feeling gritty between the fingers ; 
infusible save by the Gaff blowpipe. U is insoluble in 
water, but hits a strong affiuity for that Liquid. When 
slowly dried, ‘after being precipitated from a solution, it , 
retains about one-third its weight of water, and assumes 
4 x 
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Chemistry, a yellow colour, with some decree of transparency, 
'***v~ m S which given it the appearance of gum arabic. 

*(492.) D. K. 1 4 \ G. none, or unnoticed. 

(493 ) IL Zirconia does not combine with these 
luyimetullic substances. 

(494.) I. Neither has it any other known action with 
the Metals, save that which has been already noticed 
in sect. I. 

(495.) Zirconia is insoluble in liquid caustic alkalis, 
neither does it combine with them by means qf heat ; 
hut it is soluble in the liquid alkaline carbonates. It 
hmt.es with silica and alumina by fusion, as also with 
some ot the metallic oxides. 

After precipitated Zirconia has been exposed to a red 
heat, or even well dried, it scarcely can bo said to be 
soluble in Acids, but when newly precipitated, and still 
moist, it dissolves readilv. 

The gnaterpart of the Salts of Zirconia are inso- 
luble iu water; “such are the sulphate, sulphite, 
phospluqe, tluate, borate, carbonate, selemale, oxalate, 
tartrate, citrute, sac-lactate, and gallate. Hut the hy- 
dmchloratc. nitrate, acetate, benzoate, and mtdlale ate 
soluble.” (Thomson.) 'The Salts of Zirconia ha\e a 
harsh, astringent, disagtecable tuste, siniilur to that ot’ 
some of the metallic Saifs, (e } • 

(496.) K. Sulphuric Acid added to a neutial solu- 
tion of Zirconia, if not too dilute, produces a white pre- 
cipitate. Carbonate of ammonia produces also a white 
precipitate, soluble in excess ot the reagent, by which 
f Zirconia is distinguished from alumina. Oxalate ot 
ammonia and tartrate ot pnt.o h also pioduce w lute pre- 
cipitates of the insoluble oxalate and tartrate. llydio- 
sulplmrct of potash produces no pict ipitale, but inlusion 
of galls vyill give a white one 

(497.) JV1. None. 


f Hefei eiict-s to § 1. 

(«.) Davy, Ehninits, p. 360. (A.) Jour, dr Pin/*. 

Vol. xxxvi’. p. 180. (< ) Klapioth. licit rage, vnl. i. 

p. 231. t d .) An. dr Ch. \oI, \xi, p. 72. (r ) Ynuqtiehn, 
An. df (7i vol x\ii. p. 1 58, and Jour, dm Muirs, No. 5. 
p. 97. (/) Uievmil, An. dr (' h . H />//. vol. xin. 

p#245. t".) An. dr ('h <t Ph. vol xiv. p. 110. 


Sect. II. — Yttrium. 


(498.) r l lie name Yt iiiiin has been assigned to the 
supposed base ot the e»»th yttiui Of the existence of this 
Metal < xpeiirnciii.s simihii to those made upon zirconia 
seemed to atlbid to Sir 11. Davy sufficient proof. Ac- 
cording to this opinion, width is generally received, 
yttria is a metallic oxide. Its propel ties will fall under 
the following subsection. , 

. Subfirct. 1 . — Yttria. 

(499.) A. u Some time before 178b, Captain Arhe- 
niu« discovered, in the quarry of Ytterliy, in Sweden, a 
peculiar mineral." 3 his mineral is now called Gadolin- 
ite, after its first analyst. It was fust described by 
Gayer in CrelTs Annul* for 1788. Professor Gadolin 
analyzed this mineral in 1794. ( a .) and* found it to con- 
tain anew earth ; but though his analysis was published 
in the Stockholm Transactions for 1794, and in CrelTs 
Armais for 1796, it via * *on:e time before it attracted 
the attention of Che mi cal mineru legists. 1 The conclu- 
sions of Gadolin were con finned by Ekeberg in 1797, 


who gave to the new earth the name of Yttria. (5.) IV* 
These researches were st ill further extended by Vauque- v w*S/‘ 
lin in 1SU0; (c.) and likewise by Klaproth about live 
same time : (d.) Eke berg also published a new disser- 
tation on the suhject in the Swedish Transactions for 
1802. (e ) Since, that time Yttria has been repeatedly 
examined, by Berzelius, who has shown ( f. ) that the 
earth examined by Ekeberg ami Gadolin was not pure- 
lie has himself succeeded in separating it from most ot 
the cerium with which it was contaminated, and hat* 
described its properties, (g ) 

Yttria has as yet only been foutjd in the Gadoiinite 
above mentioned ; in yttro-tantalite another Swedish 
mineral, where it is eombmed with tantalum ; and in 
combination with phosphoric Acid, by which it produced 
the earth to which Berzelius had given the name of 
Thorina, supposing it to he a new proximate element. 

(500.) B. Yttria is obtained from yttro-tantalite, the 
more plentiful mineral, by the following process. The 
pulverized mineral is to be dissolved in nitro-muimtic 
Acid. The solution is then to be highly concentrated 
by evaporation, then filtered and diluted with water. 

Thus the silica is in a great measure got rid of. The 
filtered Liquid is to be evaporated to dnnes% and the 
residue submitted fib* some time to a red heat in a close 
vessel, and then redissolved in water and filleted. To 
the clear solution let ammonia be added, and a mixture 
of Yttria and oxide of cerium is piecipitated. Heat 
this powder to redness, dissolve in nitric Acid, and again 
evaporate to dryness, to get rid of the excess of Acid. 

Acid 150 paits of water, and put into the Liquid crys- 
tal* of sulphate of potash. The crystals gradually dis- 
solve, and after some hour" a white precipitate of oxide 
ot cerium appears. The latter process is to be repeated 
lo be certain of hav ng got nd of all the oxide of cerium. 

Tile Yttria may be ptccipitati d from the filtered liquor 
by June ammonia, and alter being well washed is to be 
healed to miners. ( j\ } # • 

L50|.) (\ Yttria pinduces neither taste nor smell, 
nor has it any etleet nir vegetable colours. It is heavier 
than the oilier earths, its Specific Gravity being 4.84, 
according to Ekeleig. It is insoluble in water, but, 
absorbs and strongly retaiiisMha' fluid. 

(502.) D. E. E. G. it is not probable that Ytfria 
has any mutual action with these substances. 

(503.) 11 Neither N it likely that it would unite 
with any substance in this division, m# Klaproth could 
not pioduce a cfinfimnliuu with sulphur. 

(501.) K. Yttria is not soluble in, the liquid Caustic 
alkalis, nor is U u disf-olvtd by excess alter having Seen 
piecipitated by them hem its solutions. In this it dif* 
leis tioin givey no. Like glyeyiia, it is soluble in car- 
bonate of ammonia, but tequircs five or six times the 
quantity of that menstruum. * * 

Yttria combines with the Acids exerting considerable 
strength of affinity, as it precipitates alumina, zirc&nia, 
and glycyna from their solutions. r It is itself precipitated 
by the alkalis and alkaline earth. Its Salts, when quite 
pure, arc colourless, and have a sweet taste. Those 
which are soluble, the sulphate, nitrate, hydrochloride, 
and acetate, are erystallizuble : they aie ulways acidu- 
lous, the chromate excepted : but even with this excess 
ofyjjkeid, they tefuse to dissolve any additional portion of, 
the earth, 1 he insoluble Bull*, viz. the phosphate, ar#e- 
timte, A carbonatc% selfeniate, oxalate, tartrate, auccinalc, 
and citrate, are, however, neutral 

(50?>.) L, Yttria is precipitated by prueamte of pot* 
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Chemistry. ftftb of a greyish colour. Also in grey flocculi by infusion 
or tincture of galls, but very slightly by pure gallic 
Acid. Its saline solutions arc not affected by hydro- 
sulphuric Acid, nor by Milphuret of ammonia. It is 
also precipitated by phosphate of soda, carbonate of 
soda, and oxalate of ammonia. 

(506.) M. None. 

Refeftmces to § 2. 

* (a.) Gtidoliu, C roll's Annals, 1796, p. 313. (ft.) 

■Crelfs A ttnals, 1799, vol. ii. p. 63. (c.) \aiiquelin. 

An. de Ch . vol. \*xvi. p. 143. (d.) Klapn.th, licit. 

• vol. iii. p. 5 2; % An.dcCh. vol. xxxvii. p. 86. (e.) Kke- 

berg, h'vngl. Vctenskaps Acad. bya Handlingar, 1802, 
p. 86; or Jour, dr Ch. vol. iii. p. 7H. (/.) AJhand - 

iingar , cSrc.* vnl. iv. p. 217 — 235; or An , Phil. vol. iii. 
p. 359 ; or An. dr. Ch. ct Ph. vol. iii. p. 26 — 33. (g.) 

Thomson, Chan. vol. i. p. 369. 

Sect. 111 . — Ghjcj/num. 

(507.) For the existence of this Metal we have the 
same evidence as is exhibited in the case of zirconium, 
and for this knowledge we areals© indebted to Sir 11. 
Daw. 'I'lie process lie emploved was the same as be 
made use of for zirconium. (4SS.) The oxide of Gly- 
cynum forms the earth glyeyna, which we shall describe 
in the following subsection. 

Suh.si ct. I . — Glycyna. 

(50M.) A. In the year 1798, the Abbe llniiy re- 
quested Vam|Uelm t « > analyze the emerald and beryl, in 
consequence of an inference winch lie had deduced from 
their crystalline forms, that the two minerals contamed 
the same chemical elements. Hatty's conjecture was 
confirmed bv the analysis, and Vntnpiclm was rewaidod 
by the discovery Af a new earth, to which the name of 
G’ycyuum was given, m consequence of tiie sweet taste 
of its Salts. (7 \n*cev V \ aiujuHni s expel iments (r/ ) 
have been repealed by Klaproth, (ft.) and Kkeberg, (c.) 
and Berzelius. Glycyna is found in the emerald, beryl, 

• and fiticlase It has btrn*uMial to write this word ( i 1 n— 
•cina, but the ordinary laws of derivation from its Greek 
source require that it should b? Glycma, or even in still 
greater strictness Glycvun. 

(509 ) H. 3%) obtaiiT this earth, Jlte mineral eotitum- 
* big it Is to be finely powdered, and then fused with 
thrice its weight, of potash. To the fused mass add a 
little water, and then dissolve in hydrochloric Acid; 
evaporate the solution to drwiess. Add then abundance 
<*f water, and filter out the silica. The muriates of 
Glycyna, &c. pass through in solution, Precipitate the 
earths by din Imitate it* potash. Wasli the precipitate 
well, and dissolve it in stilphmic Acid. Then to tins 
. • solution add a solution of sulphate o! potash ; concen- 
trate by evaporation, •and leave the Liquid to crystallize. 
Crystals of alum me tluN removed. When as many of 
these have been obtained as is possible, add carbonate 
ul ammonia in excels, filter and boil the Liquid for 

* some time. The Glvcymi gradually subsides in the form 
of n white powdei. 

. • (510.) C. Glycyna is a soft, white* pdwjltr, infusible 

alive by the Gas blowpipe, causing, neither taste nor 
but adhering to the tonguL It docs affect 
• vegetable colours, is m«oluhl& in water, but forms a 
paste with that Liquid. 


511. ) D. E. F. G. These have no action on Glycyna. 4Nrt II. 

512. ) H. With the simple combustibles it does not V ^ * v < ** 

combine. * 

(513.) I. Nor vet with the metals. 

(514.) K. Glycyna is soluble in solutions of Ihe 
fixed alkalis like alumina, ft agrees with yttriu in 
being insoluble in ammonia, but soluble in its car* 
bonates, though m a much greater degree. It is^olubie 
also in the oilier alkaline carbonates. Glycyna readily 
combines with all the Acids, and even the hvdrosul- 
phuric. Its Salts are for the most part s’oluble in water, 
but the greater part are not crystallizable. The car* 
bonate, phosphate, selcnLte, and succinate are insoluble. 

(515.) L. i*i'iissiate of pntassa gives a white, and 
infusion of galls a yellow, precipitate when added to 
the solution of a salt of Glycyna. In its solubility in 
potussa and soda, Glycyna resembles alumina; but 
Vauquelin showed that it would not fmm almn add- 
ing potassa to its liquir] sulphate: and further by the 
sw'eet taste of its Salts lie considered it cleanly distin- 
guislied from that eaitli It differs also from Vttriu in 
not forming crystallizable Salts, in not being soluble in 
the fixed alkalis, and in not being precipitated by ox- 
ulale of ammonia, nor by tartrute or citrate of potash. 

References to § 3. 

(a.) Vauquelin, An. dc Ch. vol. xxvi. p. 155, and 
An. stll/sf. Nat. vol. \v. p. 35S— 395. (ft.) Klaproth, 

Uvitrage, vol, iii p. 215. (r.) Kkeberg, An. de Ch. 

vol. xliii. p. 277, or Jour, dcs Mints, vol. xii. p. 25. * 

Sect. IV. — T/iorimim. 

(516.) At the time of forming the outline of this 
Treatise, it was believed, on the authority of Berzelius, 
that a pecuhar earth existed, to winch he gave the name 
ofThmimi : ami fiom analogy with other earths it was 
supposed to have a metallic base, winch w ould of course 
be Thoi mum. Bcizelius has, however, srtbsr quentl v 
found that this supposed eaith, of which lie had only a 
very small quantity, vv.is a phosphate of yttria. Still 
more recently In* has obtained another earth, which he 
believes to be simple, and proposes that it should t4ill 
continue the name of Thorina among the earths. At 
present, however, very little is generally known of this 
substance. 

Sect. V . — Ahfjniiywu 

(517.) The experiments of Sir II. I)avy # on the earth 
alumina gave sufficient evidence of the existence of this 
Metul, though they were not so successful as those mad* 
on some of the other earths. He submitted alumina 
lusetl w ith potash to tSie action of Voltaic Electricity, and 
obtained metallic globules, consisting chiefly of potiis- # 

Kiiitn* but which, when carefully separated and eg'iin 
oxidized, afforded both potash and alumina. Results 
of the same nature wcie obtained from p^tuwsium and 
from mercury, when acted upon in a state of mixture 
with alumina. By exposing -the earth at a white heat 
to the vapour of potassium, potash was formed, and 
among the alnm’.na there appeared small particles of a 
grey colour and metallic lustre, which again became 
white on exposure to thd air, or if placed in water de- 
composed, it producing a slight effervescence. Alumina, 
a well-known earth, the oxide of this Metal, will be de- 
scribed in the following subsection. 

4x2 
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Ohcmutry. Subvert. I. — Alumina . 

A. “ Alum is a, salt which was known many 
centuries ago, and employed in dyeing, though its com- 
ponent parts were unknown. The ulehemists discovered 
that it is composed of sulphuric Acid with an eartli ; 
but the nature of this earth was long- unknown. Stahl 
and Neuman supposed it to he lime; but in 17*28, 
Geoffrby, jun, proved this to be a mistake* and demon- 
strated (hut the eartli of dlum constitutes a part of 
clay, (a.) In *1754, Mnrgraaf showed that the basis of 
hlum is an earth of a peculiar nature, different from 
every other; an earth which is an essential ingredient 
in clay&, and gives to them their peculiar properties. (/>.) 
Hence this earth was called Argil ; but Morveau after- 
wards gave it the name o Alumina, because it is ob- 
tained in the state of greatest purity from alum. The 
properties of Alumina were still further examined by 
Mactpier in 1758 and 17fi2, (c.) by Bergman in 17(17 
and 1771, (d.) and by ftcheele in 177f) ; (c.) not to men- 
tion several other Chemists who have contributed to 
the complete investigation of this substance. A very 
ingenious Treatise on it was published by Ssiiismuv, 
jun. in 1801.” (/,) Thomson, Kyat. vol. i. p. 373. 

Alumina forms a purl of many minerals. It exists 
pure in the corundum genus, of which the sapphire and 
ruby are species; owing* their colours only to very 
minute portions of metallic oxides. Alumina forms the 
characteristic ingredient in days and marls, and it is to 
this earth that they are indebted for their plastic pro- 
perties. 

(ol9.) B. To obtain pure Alumina, let alum he dis- 
solved in about twenty times its weight of water, then 
add a small quantity of carbonate of soda in solulmn 
to precipitate a little iron, with whidi almost all alum is 
contaminated. Alter this let the Liquid he filtered into a 
solution of pure ammonia, being careful to keep the 
latter alkali m excess. The ammonia unites with the 
sulphuric Acid, and the Alumina falls down in a white 
floor ulerit precipitate, which must he well washed and 
dried. According to Sa unsure there is a considerable 
difference m the appearance of precipitated Alumina, 
arising from the state of dilution in which it exists in its 
solution. 

(520.) C. Pure Alumina is a white, bland powder, 
adhering to the tongue, hut neither exciting smell nor 
taste. It forms a paste with water: is infusible, ex- 
cept by tlie fining of the (ins blow-pipe. There is a 
peculiar smell excited bv breathing upon an argilla- 
ceous limestone, hut this smell depends upon the simul- 
taneous presence of oxide of iron. The Specific 
Gravity of Alumina is 2 0, according to Kirwan. When 
first precipitated Alumina is a hydrate, hut by a red 
heat the water if. driven off, and the chemical properties 
, of the earth itself undergo some change. On this 
subject consult Sausswre’s Memoir, and some interesting 
recent experiments by Thomson. (,; r .) 

(521.) D , I£. F. Ci. II. 1. With the substances in 
these classes Alumina does not combine. 

(522.) K. Jit considering the action of Alumina with 
the banes, we may first notice its ready power of union 
with other earths by fusion. From this ■property arises 
much of its utility in the Arts. Thus it unites with 
litne, barytes, strontia* magnesia, and silica, and pro- 
bably would do so with the other similar bodies. With 
those named it com bines both in the humid and dry 
way. The affinity tor barytes m very marked, for it 


communicates to Alumina a degree of solubility beyond Pwrt Tl 
that which is natural to it, so that when equal parts of <***/*•* 
these earths are boiled in water, both arc dissolved* 
Ymupielm states that if barytic water be added to a 
solution of muriate of Alumina a precipitate falls con- 
sisting partly of both earths. (Ji.) This, however, is 
denied by Chenevix and Durrucq. The effect of strontiu 
is analogous, for if five parts of this earth he boiled with 
one of Alumina, a portion of Alumina is rendered 
soluble, while another portion remains in the state of an 
insoluble compound of strontiu anti Alumina. Scheele 
observed, that when Alumina is added to lime-water, 
an insoluble compound of the two earths^'s precipitated. 
Chenevix found that if a solution of potash he boiled 
on a mixture of lime and Alumina, the latter is dissolved; 
together with a greater proportion of lime than is due 
to the solvent power of the water alone : while if the 
alkaline solution he boiled on lime alone, no more lime 
is dissolved than is due t:> the water of the solution; a 
proof that the solvent power of the water over the lime 
is promoted by the Alumina. 

By the intense heat of the Gas blow-pipe, or of 
ox\geu alone. Alumina and lime may he fused together 
when the Alumina is in excess: but Alumina and mag- 
nesia will not run together at any heat, according to 
Kirwan and Gn>tun. There is, however, some affinity 
between Alumina and magnesia, for magnesia alone 
cannot bo entirely precipitated fiom any ol its solutions 
by ammonia, while if Alumina he present its procip'ta- 
tion is complete. Thus ( henevix found, that if im 
excess of Ammonia he added to a solution of muriate 
w,f magnesia, mixed with a large proportion of muriate 
of Alumina, nothing remained hi solution but muriate 
of ammonia; the two earths being precipitated in com- 
bination, and their mutual affinity was even sufficient 
to resist the action which potash exerts on aluminous 
earth. 

The mutual attraction between silica and Alumina is 
shown by an experiment, of Morveau. in which, when u 
solution of silicate of potash and of Alumina and potash 
are mixed, the two earths are inecipitated in combina- 
tion, by winch the properties of i aeh are modified. So 
also at a very intense heat tttis i thnity is developed by 
t tie earths entering into fusion and forming a milky' 
glas« oi enamel. '■ 

Alumina unites also with some of the metallic oxides 
by fusion, forming enamel nfdivferent Colours 

Acids dissolve Aliimma with ease, especially When it 
has been recently precipitated. The Salts thus formed 
are, for the most part, soluble in water, and, generally 
speaking, their tendency to crystallization is small. The 
urseniule, sedeuiate, tungstate, mallutc, urate, saclactutf, 
are insoluble ; hut for the properties of these Sails we 
nVust refer to the more extended cheirficiil systems. 

There is, however, one salt of Alumina of too great 
commercial importance to he passed by without further 
notice. Alum is a tri pic compound of Alumina, sul- 
phuric Acid, and any one of the three alkalis proper , 
with some wafer of crystallization. Of this salt there 
are four varieties. We could have wished here to de- 
scribe more fully the natural and chemical history of a 
substance so extensively employed in numerous Arts, 
hut our sp*u;c not permitting, we refer the reader to an * 
excellent synoptiy view of the Subject given in Professor 
Thomson's System, Vol. ii p. 537. 

(523.) L. One of the marked properties of the nlu- , 
mi nous' Salts is that they have in general a sweet taste. 
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, chemistry. like those of glycyim, They are not precipitated from 
s their solutions by oxalate of ammonia, nor by tartaric 
Acid; which distinguishes them from those of yttria, 
They are not precipitated by pruasiate of potash, nor by 
tincture of palls, in which respect they differ from the 
Halts of glycyim and yttria. Tf sulphuric Arid and then 
sulphate of potash be added to a salt of Alumina, and 
the mixture ho left at rest, crystals of alum speedily form 
therein. Phosphate of%»mmonia produces a white pre- 
cipitate ; and hydriod >te of potash a white flocculeut 
precipitate, which speedily becomes of a permanent 
yellow colour. • 

(521.) M. The uses of Alumina and its compounds 
in the Arts and Manufactures *vre both numerous and 
important. Every variety of porcelain consists of some 
combination of argillaceous and silicious earths ; though 
' in tin? coarser kinds of pottery, sand^ind other impuri- 
ties enter in considerable proportions: Silica, it is true, 
generally predominates even in the best porcelain clays, 
yet it is upon the Alumina that the essential properties 
of the compound depend. It is to this latter earth that 
the clay owes ductility in working, and tenacity in 
baking. 

Generally speaking, the native porcelain days increase 
ill value in piopoition to their purity. If more than 
five or six per cent, of lime he present, the clay becomes 
too fusible ; if too great a proportion ot oxide of iron 
be present, the porcelain acquires a red or brown tint 
when it is baked. 

Of the porcelain clays the kaolin and petunze of the 
Chinese are the most celebrated. Areoidmg to the 
analysis uf Ynuquclin, the former consists of silica 7 1, 
Alumina 1 1.5, lime 5.5. The purest clays that have 
been discovered in Em ope result from the natural de- 
composiimu ot rocks, containing a large proportion of 
feldspar. Such is the Eornish cluv which is sent to 
Swansea, Worcester, and Coalhrook Dale. Magnesia 
seems also to he*/ppftcuble to the same purpose, for 
timber! found that a day which had long been used 
with success in the mauufictiUe of porcelain, con- 
sisted almost cut u el v of silica and carbonate of mag- 
nesia 

The colours on pofccAiin result fiom the fusion of 
, ‘certain metallic oxides ; thu> the purple precipitate of 
cassius, a preparation of golfl, produces the carmine 
colour; and with a larger proportion of lead in the 
flux, the same # sul)staifcc gives a purple. Peroxide of 
iron produces rose-red ; white oxide of antimony mixed 
with oxide of lead and silica gives a yellow; oxide of 
cobalt, blue ; oxide Of clipper, green ; and various 
shades of brow it arise from using different proportions 
tlf the oxides of manganese, copper, and iron. The 
gilding upon china, is performed by laying on the gold 
ground down to*an extremely minute state of divismn 
in a varnish of borax ujid gum-water, which is fixed 
in pluming by the fluxing properties of the borax, and 
afterwards perished with the burnisher. 

Crucibles and retorts'are formed from a clay contain- 
ing much oxide of iron; and the Hessian crucible clay 
consists, according to Vmujuelin, of silica 69, Aluminu 
21.5, charcoal 1, oxide of iron 8,0. The singular pro- 
perties of alum are taken advantage of for the follow- 
• mg purposes. To render wood frre-pxobf, which it 
el lefts to a very considerable extent It will urd the 
separation of the serous and watery parts of orenm in 
• churning button The chandlers add it to tajlow, for 
the purpose of giving hardness. It is used in silvering 
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and lackering on copper and brass< It possesses a 
singular property in clearing turbid water, by producing 
a precipitate which settles to the bottom* It is itseddn 
tanning and dyeing the finer kinds of morocco leather 
In dyeing cotton goods also it is of essential importance 
as it both prepares the vegetable fibre for receiving this 
colours, and ttids the formation of an actual chemical 
combination between its own base, the colouring matter, 
and the cotton that is to be dyed. In Medichfe it is 
applied both internally aiul externally as an astringent. 

It adds to the tenacity of bookbinders’ {aisle, and helps 
to preserve it. • 

The las! of the uses of alum to which we shall advert, 
is in the formation of that singular substance limn berg’s 
Pyrophorus. 

(525.) •* Eet three parts of alum and one of flour 
or sugar be melted together in an iron ladle, and the 
mixture be dried till it becomes blackish and ceases to 
swell ; if it be then pounded small, put into a •glass 
phial, and placed in a sand-bath, heated till a blue flume 
issues fiom the mouth of* the phial, and, after burning 
for a minute or two, he allowed to cool, this substance 
is obtained. It Ini' the property of catching fire when- 
ever it is exposed to the open air, especially if the air be 
insist. ” Such is Dr. Thomson’s recipe, and we have 
frequently followed it, generally with success. Instead 
of n glass phial we pluce the mixture in a half-pmt 
cucurbit, with a bit of glass tube luted mio the mouth 
alter the cucurbit is filled. The whole is submitted to 
a low red heat in a crucible ol sand, placed within a • 
small portable furnace A blue flame issues from the 
orifice of the glass tube which may be suffeied to burn 
lot quarter of an hour. The whole should then be 
withdrawn from the fire, and the tube closed with a 
piece of lute. When the whole is cool, the pyrophorus, 
a black pulverulent substance with some lumps, should 
be rapidly transferred to a dry stoppered bottle, and 
most carefully preserved from the air. In this manner 
we have kept it good for year-, opening i* only occa- 
sionally. If the pyrophorus does not ignit& speedily 
when taken from the phial, the mere process of breath- 
ing on it will frequently cause a vivid ignition. 

1 1 ornberg discovered this substance accidentally alymt 
the commencement of the Wllhh century. Its sin- 
gular properties have excited the attention of many 
Chemists; and Davy has made it appear that the igni- 
fomus property, for inflammable we ought nut to say, 
depends upon a small quantity of yotassium which is 
produced from the decomposition of the potash in 
making tile pyrophorus. 

References to § 5. * 

Or.) Mhn . Acad. Par . 1728, p. 303. (/;.) Mem. 

*Acad. Berlin, 1754 and 1750. (c.) Mem. Acad. Par. 

1728. { d .) Bergman, Qpmc. vol. i. p. 2HJ, and ml. v., 
p. 71. (e.) Scjieele, Essays, vol. i. p. 191, (f) Jour, 

de Phys. vol lii p. 2s9. (g.) First Principles, vol. i. 

p. 315. (A) Ymiquelin,.^//. d'Mist. Au/. # vol. xv. # p. 13. 

(/.) Chenevix, Phil. Turns. 1802, p. 34(i. 



. -Sect. VI. — Magnesium. 

(526,) For the discovery of this base we are indebted 
to thut elaborate series* of researches made by Sir H, 
Davy on tile earths and alkalis in general. 

When Magnesia, the oxide of this Aletnl, was submit- 
ted to galvanic action in its pure state, less effect wtu 
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Chemistry, jwodttfced than upon the other alkaline earths. This 
was attributed to its very imperfect conducting power, 
arising out of its insolubility. To avoid this difficulty, 
solutions of the sulphate, or nittate of Magnesia, were 
galvanized in contact with mercury. Decomuosiiiou 
then tool* place ; an nmulgam of mercury and Magne- 
sium wn * formed. Sir II. Davy experienced, how 
ever, some difficulty in attempting to separate the 
Magnesium from the mercury, h\ distilling off the latter 
f in a tube filled with the vapour of naphtha. The glass 

, ' of the tube was acted upon, so that he was obhgul at a 
derlain period of the experiment todisist. Davy, how- 
, ever, obtained a Solid, having the same general metallic 
appearance as the Metals fiom tire other earths bad. 

“ It su k rapidly in water, though surrounded by glo- 
bules of Gas, producing Magnesia, and quickly changed 
in air, becoming covered with a while crust, and falling 
into a fine powder, which proved to be Magnesia." ( a ,) 

' In f a subsequent experiment, potassium was passed 

over Magnesia tit a high tempeiature, and quicksilver 
introduced into the tube while hot. Thus an amabjam 
f was obtained, from which the potassium was abstracted 
by the action of water. Thus a solid white metallic 
mass was obtained, which, by exposure to the air, b«*- 
‘ Came covered with a drv white powder; and by flic 
action of hydrochloric acid, hydrogen was evolved in 
considerable quantity, and a solution of Magnesia 
obtained. 

With Magnesium, oxygen combines to form the earth 
under examination, in the billowing subsection; and it 
is supposed to combine also with chlorine, as will there 
he noticed. U seems to he beyond a doubt, that if ob- 
tained in sufficient quantity, it would he found to pos- 
sess all the ordinary characteristic propel ties of the 
metallic bodies. 

y Subject. 1 . — Magnesia. 

(527.) A t . *** About the beginning of the Wlllrh 
, century, & Roman ( anon exposed a white powder for 

sale at Rome, as a cure tor all diseases. This powder 
he called Magnesia Alba. He kept the manner of pit*, 
paring it a profound secret; hut, in 1707, Valentine 
informed the public that it might he obtained by cal- 
cining the lixivium which remains afier the preparation 
ot nitre; (b.) and, two years attei wards, Slevogt dis- 
covered that it might be precipitated by potash from the 
mother lev of nitre. This powder was verv generally 
supposed to l»e hrhe, tdl 1\ Hoffman observed that it 
formed very different combinations with othei bodies, 
(o.) Rut little was known concerning its nature, and 
it, was even eonlounded with lime by most Chemists, till 
Dr. Black made his celebrated experiments upon it in 
17o5. Margraaf published a dissertation upon if in 
1759: (rf.) and Bergman another in 1775, in which he 
'Collected the observations of these two Philosophers; 
Hud enriched them by adding many observations of his 
own. (e.) But me of Geneva likewise published n 
valuable dissertation mi it id i779.’’ (Thomson.) 

Magnesia exists naturally as a constituent part of 
aevcral minerals and rocks, it seems to communicate 
to all the steatite family their peculiar soapy, feel, it 
forms a purl of the saline ingredient* of Mia- water, and 
its sulphate forms the chief active principle of mnnv 
of the natural saline springs, so much t’fre icsort of 
invalids. 

(528.) B. Pure Magnesia may be obtained by dis- 


solving sulphate of Magnesia in hot water, and then 
adding to the filtered solution, while yet hot, a solution ** 
i)l' carbonate of potash or soda, as long as any preci- 
pitate appears. The process is aided by gently boiling 
the Liquid. Thus we obtain a pure carbonate of Mag- 
nesia, which may he decomposed by a red heat, leaving 
pure Magnesia : lienee sometimes called Calcined Ma$~ 
nrsift. 

<529.) C. Magnesia is a white, light powder, soft to 
die ‘ouch, without smell, and possessing* only a rather 
hitter taste. It slightly changes the vegetable blues to 
green. It is, perhaps, the most inAi.Mhle of the earths. 
l)r. Clarke succeeded in melting it by tU" flame of the 
Gas blowpipe, though with difficulty. Pure Magnesia 
is only soluble in I6(}0 times its weight of watci, accord- 
ing to Dalton. \^'hen precipitated it retains some por* 
turn of water by|ft feeble affinity, thus constituting a 
hydrate. There isjflso a native hydrate containing thirty 
per cent, ol water. * 

(530.) D. None. 

(531.) F. It Magnesia he boated in chlorine Gas, a 
decomposition takes place, oxygen is evolved, and chlo- 
ride of Magnesium is formed. The chlorine absorbed is 
double the volume of the oxgyen Gas evolved. When 
water is added to this compound, we have a well-known 
salt, which forms a part of the sea and many mineral 
waters. This salt, long called muriate of Magnesia, is, 
in fact, u hydrate of the chloride of Magnesium. It is 
uvciy deliquescent salt, soluble in twice its weight of 
alcohol, (0.S17,) and in half its weight of Water. When 
strongly heated, the water is dissipated, and in pait de- 
composed. The hydrogen and chlorine escape, while 
the oxygen remains with the Metal to form Magnesia. 

(53'i.) F. Unknown 

(■533.) (« M. Gay Lussac formed the iodide of Mag- 
nesium, hut iU properties arc little known. 

(*>34. ) # II. With the exception of sulphur, it does not 
appear that any action takes plfcee between the non- 
metallic electro-positive elements and Magnesia, sul- 
phur combines, hut not very intimately, with Magnesia, 
when the former is fused in contact with it ; or when 
the two are boiled together in water. Hydrnsulphuiic 
Acid (jus when passed ilnodgh, i ‘ which lias Magnesia 
suspended in it, dissolves a small portion of the chi 111; 
but the piopei ties of tins Compound uio little understood, 

(u35.) I. With ibis class of bodies "Magnesia has no 
action, save that which has btVn already mentioned 
under Magnesium. (52b.) 

(53b.) Iv. With those metallic oxides that perform 
the part ol bases. Magnesia has no uclinii. With the 
Acids Mngnesi t readily combines as a/'huse. Its Sails 
are in general of high solubility in water, and have for 
the most part a^fiisagieeahle, saline-bitter taste. They 
utv mstallr/able, hu: our space will hot permit a de- 
tailed description of them. The carbonate mid sulphate 
are, however, too Jinpoitant to be altogether passed 
over in m tenet*. .. (1 

(537.) The Carbonate of Magnesia, for medical use, 
is prepared as directed in Art. (528.) In this state it 
is a white powder, hut having excess of base, so that 
it is not neutral. If* however, this powder be. diffused 
through w&tcr, and a current of carbonic Ax:id Gas be 
passed through Mm Liquid, saturation is effected, und the 
powder is dissolve^]. The ncutfal salt thus formed, may 
he obtained by evaporation in the form of transparent 
hexagonal prisms with plane .summits. The carbonate 
of Magnesia of commerce, consist* of the fir«t variety, 
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Chemistry, and is according to Thomson generally contaminated 
^•v - ***' With some sulphate of lime. ’» 

(598.) Sulphate of Magnesia was originally procured 
by evaporating the mineral spring which rises at Epsom 
in Surrey : hence it acquired the name of Epsom Salt . 
“ .Some account of it was published by Grew, in 1675 ; 
and, in 1723, Mr. Brown published a description of the 
process employed in extracting it from the mineral 
water, mid in purifying it. (f.) In Italy it is manu- 
factured fiom Belli. '-lose minerals, containing sulphur and 
Magnesia/' (g.) It exists in considerable quantity in 
sea-watt r ; and thejuncrystallized residuum in the salt- 
pans after nll^the common salt Is crystallized, consists 
* partly of this salt dissolved in v^atcr. This residuum is 

usually culled Bittern ; and sometimes, in Scotland, 
Spirit of Salt. ( h .) In England that teilu is applied to 
hydrochloric Acid. dr. 

Sulphate of Magnesia is soluble fljntR own weight of 
water ut 60° Fahrenheit ; and 4 much less <poiuiitv if the 
water boils. When exposed to the air it is efflorescent ; 
and by heat it is tumble ; the water of crystallization is 
then gradually driven off, but the actual decomposition 
of the salt cannot be effected b> any elevation of tem- 
perature. Tliornson supposes the crystallized suit to 
contain seven atoms of water. • 

(539.) L. The most characteristic property by which 
the salts of Magnesia aie recognised, is that by adding 
a solution of phosphate of soda ; no precipitate is pro- 
duced : but then if ammonia stlrto lie added, a white preci- 
pitate tails down, v\ hu h is a double phosphate of ammonia 
and Magneshi. r n»e delicacy of this test, which was 
pointed out by l)r. Wollusluu, is so great, C it an e\- 
treim ly minute poitiou o( Magnesia max he detected by 
it. If the exper iment be made in a w ali'h-glass, ii is 
advisable to tub the point of a glass iod against the 
surface of the glass within the solution. This aids the 
deposition, and the precipitate appeals in while lines 
wheresoever the 4'od hps passed. 

Sulphate of soda occasions no precipitate in a mag- 
nesian sulj, hut the alkalis, or their carbonates, produce 
a while floeciilenl precipitate. 

Piussiate of potash throws down no prec ipitate from 
a solution of nn\ salt of esia : those excepted which 
are formed by the metallic Ac ids. 

(510 ) M. Magnesia is l;ir*yl\ employed 111 Medicine. 
The sulphate i*u cooling purgative ; and the carbon, tc, 
or the pure eojth, is u^ed as a purgative and antacid. 

• * References to §*G. 

(a ) Davy, Phil. Tram. 180S ; (/>.) Thesis c/e Afug- H 
nest a dlba ; (e.) Ohs. Vhys. ('hem. 1722. p. J 0 f> and 
p. 177 ; (rf.) Opusc. vol. ii. p. 20; (c.) Opuse. vol. i. 
•ji. 865; (/.) Brown, Phil, Trans, vol. xxxii. p. 8 IS; 
(g.) Au* de Vh. vol. xlviii. p. HO ; Genlen, Jour. vol. 
iii. p. 5-1 9 ; Holland, Phil. Trans . 1816, p. 2fJl; 
(/*.) Thoms. Syst. v<d. ii. p. 521. 

| METALS. CLASS 11. 

• Sect, II. — Calcium. 

(541.) A. This metal was one of the discoveries of 
Davy, made by means of the Voltaic battery. 

(542.) B. It may be obtained by forming a paste of 
# lime, or of sulphate of lime mixed with water into a cup, 
which fa then to he placed on u jneUllic dish. Mercury 
la poured Into the cup, and connected with tire nega- 
tive extremity of* the uile ; while, at the same ♦time, the 
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positive wire is made to touch the metallic dish, Thun 
in time an amalgam of mercury anct Calcium in formed, 
and is to be put into a small rifort, with a Ht^le 
naphtha to cover it. The retort is to be connected with 
a tubulated receiver loosely corked. By heat the 
naphtha rises in vapour so as to till the vessels y the 
mercury next comes over; and the Calcium remains 
within an atmosphere of naphtha. 

(513.) C.*This Metal appears to have the cohfur and 
lustre of silver, but its other physical properties are 
unknown, . , 

v 544.) D. The instant that atmospheric air is admitted 
to Calcium, the Metal absorbs oxygen, and burns with 
an intense white light, again returning to the estate of 
lime. Lime is the protoxide of Calcium. See sub- 
sect, 1. 

(545.) A superior oxide of Calcium is formed by 
passing oxygen Gas over ignited lime; the Gas is a!>- 
sorhed, and this oxide results, but its exact utoniia con- 
stitution is unknown. 

(546.) E. If lime be heated tn chlorine # G as, one 
volume of chlorine is absorbed, and half a volume of 
oxygen being evolved, the chloride of Calcium is formed. 

It 1 s also produced by fusing hydrochlorate of lime at a 
r<^d heat. By addition of water the hjdroclilorate is 
again formed. 

(547.) F. The substance to he hereafter mentioned 
as fluutc of lime, is by some Chemists supposed to be a 
true fluoride of Calcium. » 

(5 48.) G. Iodide of Calcium is formed by evaporating , 
hulriuduie of Calcium to dryness, and fusing the resi- 
duum. 

'519.) IL The existence of compounds of sulphur 
and phosphorus with Calcium seems to he sufficiently 
well established. The phosphuret is formed" by taking 
a glass tube, fourteen inches in length, and one-third 01 
tin inch in diameter, closed at one end, and well coated 
with c‘a). excepting an inch at the clost% tend. Into 
this i- put a diuclunor two of phosphorite ; the tuhifc is 
then filled with haginents of tre-di burnt lime as large 
as peas: th ■ month of the tube may be loosely stopped 
with paper, and its body passed through a table furnace, 
and heated In redness. A spirit-lamp is then applied to 
the sealed end, so as to fuse and volatilize the plfos- 
phorus. The vapour passing over the heated lime de- 
composes it, and a phosphuret of Calcium results. This 
substance was long called phosphuret of lime : it forms 
an amusing experiment by dropping a small piece of it 
into ^ glass of u titer. In a*shoft time, bubbles of 
phosphm etted hydrogen Gas rise througlathe water and 
explode on reaching the surface. 

The Milphurct of Calcium was formed by Bertelius, 
who passed a current of sulphuretted hydrogeu o\er red- 
JioV lime. The hydrogen of the Gas united with the 
o\\gen of the lime to form water, and tile sulphur united ’ 
with the Calcium, • • 

(550.) I. Calcium would doubtless unite with other 
Metals; but this and many other of its properties have 
as yet been little studied.* • • 

Subsect. .1: — Lime , 

(551.) A*' The nature of this, the protoxide of Cal- 
cium, has* been already explained in Art. (542.) It 
does not exist pure in feature, from its great affinity for 
water and* carbonic Acid. But*, in the state of a car- 
bonate, it forma one of the most abundant and important 
substances in Nature. Whole mountains and vast tracts 
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of country consist of immense strata of this carbonate 
in, Various states of purity, ami deposited at different 
epochs in the existence of our Farth* Hence it is that, 
as it is slightly soluble, there are few springs of water, 
however pure, that do not contain some Lime. 

(552.) I?. Lime is readily obtained by the calcination 
of common limestone, in which the water jaud carbonic 
Acid arc driven off: but as this will contain an admix- 
ture of oilier earths and metallic oxides, it*i$ necessaiy 
for chemical purposes to employ pure pellucid Iceland 
crystal, or the whitest Carrara marble. Oyster-shells 
also afford good Lime, 

(5 53.) C. Lime is a while pulverulent earth, not 
fusible, .save by the heat of the Voltaic pile, or ol the 
Gas blow-pipe. Specific Gravity = *2.3. It is not vo- 
latile. With water it piesents several singular pheno- 
mena. If this fluid be sprinkled on fresh caustic Lime, 
great heat is produced and the water entirely disap- 
pear entering into combination to form a solid hydrate 
of Lime. Mr. Dalton estimates the heat produced on 
such an 'occasion at 4*00° Fahrenheit. Pelletier even 
states that light is evolved, so as to be seen iti a dark 
place. Lime absorbs moisture from the atmosphere 
und falls to powder. This earth is slightly soluble in 
water, perhaps to about the extent of l-700th pa^t ; 
l-752d according to a caietu) experiment made by Mr. 
H. Phillips Mr. Dalton Itas shown that iu the case of 
Lime, cold water is capable of taking up more than hot 
w^ter. as seen by the following Table: 

at GO 0 at 130° at 212° 

Grains of water to dissolve one grain 

of Lime 778 972 1270 

Grains of water to dissolve one grain 

of hydrate of ditto 5S4 720 952 

Lime-water possesses alkaline properties. When ex- 
posed to thg air, the Lime unites with carbonic Acid 
and is precipitated. Guy Lnssac, however, procured 
crystals of pure Lime, bv placing a vessel of Lime-water 
with sulphuric Acid under an exhausted receiver. The 
crystals contained one atom of Lime ■+•» one atom of 
water, (a.) 

( 554. 1 I). None. 

(555.) K. The combination of chlorine w ith Lime is 
one of great importance from its extensive application 
in the process of bleaching. If slaked Lime (the prot- 
hydrnte) he passed through a sieve in’the state of fine 
powder, and then placed in contact with chlorine Gas, 
the Gas is absorbed ‘with great avidity, much heat being 
evolved. When the Lime has taken up all the chlorine 
that it is capable of’ it appears a dry while powder, 
known in commerce by the names of bleaching powder, 
or oxyimiriate of Lime. 

It consists, iu fact, of Lime, chlorine, and water; find 
probably in the proportions of 1, 2, and 6 atoms of these 
elements. '1'hrs powder is, in fact, a suhchloride of 
hydrate of Lime. Dr. Thomson calls it dichloride of 
Lime, but no one name has met with universal adoption. 

Thi% substance is soluble in water to a consideiahle 
extent. By heat it is decomposed; the water first pass- 
ing off; then decomposition of the Lime takes place, 
oxygen Gas is evolved, and chloride of ca lchim i* formed. 
The purity of this substance being of great importance, 
lias engaged the attention ofoiir fnost eminent C hemists, 
as will Ih; seen from the reference. (/>/) 

(556.) F, G. Unknown or not existent. 4 
(557#) II. With some of these substance* Lime may 


be united, but the combinations are not of general U. 
importance. 

It appears tlrat by strongly heating Lime and sulphur 
some Kulphum of calcium is formed ; but how far n 
true sulphuret of Lime exists is not quite certain, though 
long believed. If this sulphuret of calcium be dis- 
solved in water, or if one part of sulphur, three parts 
of hydrate of Lime, and ten of water, be boiled together, 
a deep orange-coloured Liquid is formed, and has been 
much employed in eudiouietry. By some it is termed 
hydroguretted sulphuret of Lime, but in our nomencla- 
ture it would be (408.) hydrosulpjiite of Lime. If a 
current of hydroMilphuric Acid Gas be transmitted 
through water, in whjch Lime is mechanically sus- 
pended, a hydnutttlphatc of Lime is formed, and may 
be separated as limpid crystals, soluble in water, 

(558.) J. It i&gcarcrly probable that any combina- 
tion with these HttpUitnces can be effected. 

(559.) K. The Salts <,»( Lime art* numerous and im- 
portant. Of these we can only name the sulphate, 
phosphate, and carbonate. 

The sulphate is rapidly formed by art, and exists 
abundantly in Nature, known by the name of gypsum or 
plaster of Paris. Bv calcination it loses water, mid the 
reabsorption, or addition of that Liquid, enables it to 
form an useful and cheap cement, or to take casts of 
gems and metals. 

-* The phosphate farms,, to the amount of eighty-six per 
cent, a constituent of t\W bones of animals. The hi- 
phosphalc, tei- phosphate, and quuter-pho*phnte of 
Lime also but. Sj|tr. Dalton considers the last an 

octo-phosphale. 

The carbonate is the most abundant of the Salts of 
Lime. As chalk, limestone, and marble it must be 
familiar to every one. Although the allunty of carbonic 
Acid for Lime is very great, the substances do not 
readily combine, unless moisture he present. By a red 
heat the cat home Acid is driven ,off from t his salt in tin* 
Gascons state ; but if the escape of tin Gas be prevented, 

Sir James Hull found that the limestone vv%s fused by 
a heat of about 22° of Wedgwood’s pyrniuctei (r.) 

This salt contains one atom of each of its proximate 
elements. A very detrain experiment by the late Pro- 
fessor Tenant of Cambridge, ((/.) exhibits its ultimate 
decomposition. Cai bunas e of Lime is soluble in water, 
having an excess of carbonic Acid : hence arises the 
extensive calcareous deposit from the 1 water of some 
springs. In the u e case* there exists mlhc water, cur* 
bonatc of Lime dissolved in excess ot* carbonic Acid ; 
by exposure to the atmosphere, the excess of carbonic 
Acid escapes, and the earthy salt is deposited. 

(560.) L. Some of the Salts of Lime are soluble iiv 
water, others are not so. In such solutions no preci- 
pitate is produced by addition of pun: ammonia; but 
potash and sodu thr^w down caustic Lime. Upon so- 
lutions of Lime, the citrate or imitate of ammonia pro- 
duced no effect ; hut oxalate of ammonia ex) tbits a dense 
white precipitation. If an insoluble salt of Lillie be 
boiled for some time in a solution of carbonate of potash, 
a white powder remains, consisting of carbonate of 
Lime, soluble with effervescence in nitric or muriatic 
Acid. " iv 

(561.) Ms pTfie 4jses of Lime are very various and 
important* The tyitrutc, when 'Awed, forms Bafduin’s 
phosphq/rtiB. (d.) The chloride mentioned in Art (555.) 
is now «*old, when formed into an aqueous solution, 
under the name of Labaracq’s Disinfecting Liquid ; and 
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Chemistry, te thus a convenient mode of applying the long known 
v — properties of chlorine for removing dangerous or dis- 
agreeable miasmata, in fclter hospitals, or the chambers 
of the sick. 

The use of gypsum in taking casts, and as a cement 
for marble or stone, has been already noticed. Caustic 
Lime is of great service in Agriculture when spread upon 
some kinds of land, as it ameliorates the stiff' clays, and 
powerfully assists the solution of vegetable matters to 
form the food of growing plants. The formation of 
mortar from caustic, or quick Lime as it is called, for 
^building, must be wylhin the observation of every one. 
The mode of ijs operation is this. When fresh burned 
Lime is mixed with water, a paste is first formed, but, 
in a short time, the fluidity entirely disappears, by the 
passage of the water into the solid form to constitute 
dry hydrate of Lime. Some combination of carbonic 
Acid also takes place, but this is%>r the most part 
superficial. Lime made from*the chalk or limestone of 
different strata, varies considerably in goodness. Such 
variations depend outlie admixture of small proportions 
of certain other earths and oxides. The Roman 
cement, as it is called, contains a proportion of alumina 
and oxide of iron. On the subject of mortar there is a 
valuable Work by M. Vicat, in Frfcnch. 

References to § 1. 

* 

(a.) Gay Lussac, An. de 'Qfc ct Ph. vol. i p. 834. 
(b.) Dalton, An. Phil. vol. i. p. 15. and vol. ii. p. 6; 
Thomson, An. Phtf . vol. xv. p. 401 ; Welter, An. de 
C/i. et Ph. vol. vii. p. 383 ; lire, Jour. Pay. Just. 
vol. xiii. p. 21 ; Gay Lussac, An, Phil. vol. viii. p. 218. 
(c.) Nich. Jour. vol. xiii. and xiv. ; also Bucholz, vol. 
xvii. p. 220. ( d .) Phil. Trans, vol. xi. p. 788. Con- 

sult also Davy, Phil Trans. 1808, p. 333; and An. 
Phil vol. iii. p. 360. Berzelius, An. de Ch. vol. lxxxi. 
p. 13, . . 


Sect . II. — Strontium. 

(562.) Strontium was first obtained by Sir FI. Davy. 
Native carbonate of strqplia was formed into a paste 
g with water, and place*! on a small platinum tray. A 
globule of mercury was they placed within a cavity 
made in the surface of the paste. The platinum was 
connected will^tlie positive pole, and the mercury with 
the negative pole of a pile of ahoift 100 double plates. 
Thug an amalgam of mercury and Strontium was 
shortly produced The amalgam was introduced into 
a tube of glass made without lead, which was then 
filled with the vapour of naphtha, bent into the form of 
a retort, hermetically sealed. The mercury was then 
driven froiy lln^ amalgam by heat, and the Strontium 
remained. 

#fhe lustre of Strontium is not* considerable ; it is 
difficult of tiision, and not volatile. It decomposes 
water with evolutiori ofjhydrogen Gas; and if exposed 
to atmospheric air, it again becomes strontia. This 
earth is then proved to be the oxide of Strontium ; 
its properties will more fully be stated in the ensuing 
subsection. 

Subject. 1 . — Slrontiu, * \ • 

1(568.) A. “About the year 478?, a mineral was 
brought to Edinburgh by a dealer in fossils, from the 
lead mine of Strontiaxi in Argyleshire* where ills found 


imbedded in the ore, misted with several other sub- 
stances. It is sometimes transparent and colourless, 
but generally has a tinge of yellow or green. It is soft. 
Its Specific Gravity varies from 3.4 to 3.726. Its tex- 
ture is generally fibrous ; and sometimes it is found 
crystallized in slender prismatic columns of various 
lengths.” * 

“ This mineral was generally considered as a car- 
bonate of barytes ; but Dr. Crawford having observed 
some differences between its solution in muriatic Acid, 
and that of barytes, mentioned in his Treatise on Muriate 
of Ilarytes , published in 1790, that it probably con-* 
tained a new earth, and sent a specimen to Mr. Kirwan 
that he might examine its properties. Dr. Hope made 
a set of experiments on it iu 1791, which were read to 
the Royal Society of Edinburgh in 1793, and published 
in the Transactions about the beginning of 1794. These 
experiments demonstrate, that the mineral is a com- 
pound of carbonic Acid and a peculiar earth, whose 
properties are described. To this earth Dr. Hope gave 
the name of Strontites. (a.) Klajfroth analyzJd it also 
in 1793, and drew the same conclusions as I)r. Hope, 
though lie was ignorant of the experiments of the latter, 
which remained still unpublished. Klaproth’s experi- 
ments were published in Crell's Annals for 1793 (6.) 
and 1794. (c ) Kirwan also discovered the more in- 
teresting particulars of this new earth in 1793, as ap- 
pears by his letter to Crell, though his dissertation on 
it, which was read to the Irish Academy in 1794, was 
not published till 1795. The experiments of these 
Philosophers were repeated and confirmed in 1797 by 
Pelletier, Fourcroy, and Vauquelin, ( d .) and several of 
th p properties of the earth still further investigated. 
To t lie earth thus detected, Klaproth gave the name of 
Strontian from the place where it was first foftnd ; and 
this name,” with the omission of the final n, “ is now 
generally adopted. Strontia is found abundantly in 
different parts of the World, and always combined with 
carbonic or sulphuric Acid." Thomson’s Sy$t. 

(564.) B. Pure Strontia is readily obtained by dis- 
solving the native carbonate in nitric Acid, evaporating 
the solution till it crystallizes, selecting pure crystals, 
and driving off the nitric Acid by heat in a platinum 
crucible. Strontia contains strontium one atom -J- oxy- 
gen one atom. 

(565.) C. Strontia thus obtained is a grey, pulveru- 
lent mass, having a violent affinity for water. By 
affusion of this Liquid, beat is evolved, and so much 
earth is dissolved that crystals* separate on cooling. 
Dalton considers that these crystals c.ontaintwelve atoms 
of water + one Strontia. Strontia has alkaline proper- 
ties, but, unlike barytes, it is not poisonous, (e.) * The 
crystals of Strontia, when dissolved in alcohol, cause it 
Vo burn with a bright red flame. 

(566.) D. By pouring an aqueous solution of Strontia 
into the deutoxide of hydrogen, a deutoxidi of Strontia * 
is formed. 

(567.) 12. If Strontia be heated irt chlorine Gas, 
oxygen Gas is expelled, and a chloride of* strontium is 
formed. The same takeN place if by droch) orate of 
Strontia be heated to redness. 

(568.) .F. IJ, .Unknown, save that iodine decom- 
poses Strontia, as chlorine does. 

(569.) H. Action none very t important, save that 
some of these bodies by aid of heat decompose the earth* 
and form suiphurets, phosphurets, Ac, with its metallic 
base. 
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Chemistry. (WO*) I. Not considerable. 

{571.) K. Strontia never performs the part of an 
hf\6 ; but with Acids it universally acts as a base; Its 
Salts are more soluble than those of baryta, but less so 
than those of lime. The greater part are capable of 
crystal lizut ion. 

(572.) Jj. A solution of these Salts affords precipi- 
tates with the sulphates, phosphates, and oxalates; but 
not with ferro-hydrocyanate of potassa. Succinate of 
• ammonia gives a precipitate in solutions of barytic salts, 

hut none in those of Strontia. The colour of its dame 
in alcohol forms also a good test. 

(573.) M. None, save to give colour in pyrotechnics. 
Strontia is not poisonous. 

References to § 2. 

(a.) Edni. Trans, vol. iv. p. 14. (A ) vol. ii. p. 189. 
(c.) vol. i. p. 99. See also Klaproth’s Beitrage. vol. i. 
p. 260 ; and Jour, dc. Mines , No. 5. p. 61. (</.) An. 

de Ch. vol. xxi. p. 113. 276. (c.) lVlletier, An. dr Ch. 

vol. xxi. p. 120. (f) Gay Lussac, An. dc Ch. vol. xci. 

f p. 60. 

* Sect. III. — Bari/um . 

(574.) Such should he the spelling of this word, 
derived from £n//ev, (heavy,) though we have at times 
inadvertently spelled it Barium, as is frequently done. 
This Metal was obtained by Davy in 1 HOB, from the 
carbonate of buryta, by a process which we have already 
described in Art. (562.) with reference to strontium. 
The Metal has a dark grey colour, witli a lustre inferior 
to that of cast iron. It is fused at a heat below red- 
ness ; though solid at all ordinary temperatures. It 
did not rise in vapour till nearly a red heat, and then 
acted violently on the glass of the tube which contained 
it. By admission of atmospheric air or oxygen, it is 
converted into the earth baryta. (See subsect. 1.) It 
« has been proved by (Jay Lussac and Thenard to be 

capable also ol uniting with an additional proportion of 
oxygen, so as to form a dcutoxide, by passing oxygen 
Gas over pure baryta at a red heat, (g.) In the very 
t cdriouB experiments made with the Gas blow-pipe, by 

Professor Edward Daniel Clarke of Cambridge, lie fre- 
quently reduced pure barytic earth to an appearance 
which himself and many Chemists regarded as the Metal 
Baryum. The quantities, however, so obtained were 
very smull, and apparently super fieial ; insomuch that, 
beyond the appearance, no fully conclusive evidence of 
the reduction was afforded. 

Svhseet. 1. — Baryta . 

^575.) A. 11 Barytes was discovered by Scheele in 
1774 • and the first account of its properties published 
by him in his Dissertation on manganese, (a.) There 
is a very heavy mineral most frequently of a llesh colour, 
of ft foliated texture and brittle, ve r y common in 
Britain, and most other ('oiiulries, especially in copper- 
mines. It was known by the name of ponderous spar, 
and was supposed to be a compound jjf/ulpburie Acid 
and lime. Gahn analyzed this mineral in 1775, and 
discovered that it is composed of sulphuric Acid and 
the new cartb discovered by Scheele^ (/>.) ‘Scheele pub- 
lished an account of the method of obtaining this earth 
irom ponderous spar, (c.) The experiments of these 


Chemists were confirmed by Bergman, ( d .) who gave p*r, ir. 
the earth the name of term ponderosa. Morveau gave 
it the name of Barote , and $drwao of Barytes ; which 
last was approved of by Bergman, and is now* (with 
little change) “ universally adopted. Different pro. 
cesses for obtaining Barytes were published by Scheele, 
Bergman, Weigleb, and Alzelius ; but little additior 
was made to the properties ascertained by the original 
discoverer, till Dr. Hope published his experiments in 
1793. (e.) In 1797. our knowledge of its nature was 
still further extended by the experiments of Pelletier, 
Fourcroy, and Vauquelin.” (/.) Thomson’s System . 

(576.) B. Pure Buryta is best outained by dissolving 
the native carbonate in diluted nitric Acid. Tins solu- 
tion is to be evaporated so as to obtain crystals of the 
nitrate. These are decomposed by a red beat, leaving 
pure burvtic earth. The atomic constitution of this 
oxide wiil be seen from the general Table in Part \ . ; 
and it may be well here to stale, that from a wish to 
economize space, many statements of the same nature 
are not made under this reference, as they will all lie 
found in the above-nuned 'fable. 

(577.) C. Pure Baryta has a caustic taste , changes 
vegetable blues to green ; and is capable ol forming a 
soup with oils. As* generally seen, it is fusible by a 
moderate beat, being a hydiate; but when obtained 
pure from the nitrate, it is so only under the most 
intense heat of furnaces or the Gas blow -pipe. Pine, 
caustic Baryta is slaked by water, forming a lit (Irate 
with evolution of very great beat. If a solution of this 
earth be made in boiling water, and then allowed to 
cool slowly, regular crystuls are produced. These con- 
tain Baryta one atom -j~ water twenty atoms, according 
to Mr. Dalton. 

(578.) D. When pure Baryta is heated to redness 
in oxygen Gas, a dcutoxide of baryum is formed 

(579 ) E. It pure Baryta be heated in chlorine Gas, 
a chloride of baryum is formed with evolution of half a 
volume of oxygen Gas for every volume of chlonne 
taken up. A similar substance is produced by boating 
hydroclilorate of Baryta to redness. 

(580.) 1\ l hi know ii. 

(581.) G. If the hydriodate of Buryta be liculid to 
redness, an iodide ol baryum is produced 

(5 82 ) 11. No combination is known, or very pro- 
bable, between Baryta and these substances, but iu 
some cases, Baryta, if heated wuli theun produces such 
union with its metallic base. 

(583 ) 1. It is not probable that the Metals can com- 
bine with Baryta, neither has it been found that even 
those which have the most powerful affinity for oxygen 
decompose it. 

(584.) K. Witli Acids, Baryta combines a» a base, 
farming an extensive class of Salts. Its sulphate and 
carbonate exist naturally among mineral bodies. The 
Salts of Barytes have, generally speaking, less tend- 
ency to dissolve in water tliau the Salts , of lime have. 

The affinity between sulphuric^ Add and wry to, is ex- 
tremely powerful, but the sulphate is decomposed by 
boiling it with solutions of the alkaline carbonates, or 
by fusion with them ; but the former process is attended 
with some singularities. This Salt is also decomposed 
bv heating t it strongly with one-sixth of its weight of 
powdered charcoal. With phosphoric Acid, Baryta — 
forms a phosphate u»d a bipliosphato. For a good 
detailed description of the Barytic Salts* we must refer 
pur readers to Thomson's Syvi&tif voL ii. p. 407. 
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Chemistry (585.) L. The properties by which solutions of Baryta 
are recognised, are chiefly these. A solution of any sul- 
phate produces a white precipitate insoluble in nitric 
Acid* Heat applied to one of its crystalline Salts, con- 
verts it into a carbonate, if the Acid be of a vegetable 
nature, but produces no change if the Acid be incom- 
bustible; or converts an hydrochlorate or iodate into a 
chloride or iodide of the metallic base. Prnssiate of 
potash produces no precipitate in a Salt of Barytes, 
unless the Acid be one of the metallic class. 

(586.) M. Baryta, or its Salts, may he considered at 
\present useless, either in Medicine or in the Arts. Its 
action is, howcveT, most powerful on the animal 
economy, as It is one of the most virulent poisons 
known. 

References to § 3. 

{a.) Scheele, vol. i. p 61 and 78, French Transla- 
tion. (/;.) Bergman’s Notes on Scheffer, sec. 107. 
(c.) Crell’s Annuls . vol. iii. p. 3. English Translation. 
(d.) Opusc. vol. iii. ]>. 211 1 . (e.) Edin. Trans . vol. iv. 

p. 36. (/!) An. (h Ch. vol. xxi. p. 113 and 276. 

(g.) Reck. Phys . vol. i. p. 169. 

Sect. IV. — LiUiimn. 

(587.) This Metal was obtained by Sir 1 1, Davy, 
and subsequently by (imelin, from the newly discovered 
alkali, Lit liisi. (See subject. J.) Jt lias never yet been 
seen in any considerable mass, partly fiom its rarity, 
ami partly from the very great rapidity with which it 
returns to an oxidated state as fast as it is formed by 
the action of the pile. 

Suhsect. 1. — Lithia . 

(588.) A. This alkali was discovered in 1818, by 
M. Arfwedson, a* Swedish Chemist, engaged in the 
analysis of petulitt*, a mineral from the mine of Utoin 
Sweden. It has beta subsequently discovered in 
spodumiuc, lepidolite, and in several soils of mica. 
Its name, Lithin, is derived from AVt/oos (stony,) mark- 
ing its origin as distinguished from that of the other 
.two fixed alkalis, potash and soda. 

(58!),) B. Berzelius lias suggested the neatest pro- 
cess for the separation of Litlna from earthy minerals. 
One part of th* minenfl finely powdered is to be inti- 
mately •mixed with powdered floor spar, and this mix- 
ture heated with three or four times its weight of sul- 
phuric. Acid, as long as any acid vapours are disen- 
gaged. Thus the silica unites with fluoric Acid, and 
losses off in the state of silieo-fluoric Acid Gas, w hilst 
the alumina and Lithin unite with the sulphuric Acid. 
These SaHs*nrc t#> he dissolved in water, and then pufc 
ammonia is to he added, and boiled in the solution to pre- 
cipitate the alumina. The Liquid is to be filtered and 
evaporated toilryues^, and then the sulphate of ammonia 
muy be expelled by a wed heat. Sulphate of Lithia 
remains. This alkali is supposed to contain one atom 
of oxygen -f- one atom of Lithium. 

(590,) C. Lithia has a white colour; is fused by a 
red heat, and in that state is transparent; it changes 
# vegetable blues to green. It is not delfqgescent when 
exposed to the air ; is not so soluble iy water as potassa 
or soda ; aud scarcely at all soluble in alcohol. , 

(591;) tX Uhexaituued. 

(592,) E. Chloride of Lithium is formed when hydro- 


chlorate of Lithia is heated to redness, and l« a very P*rt H. 
deliquescent substance, and readily soluble in alcohol, 

(593 ) F. G, Unascertained. 

(594.) H. Sulphur may be combined with Lithia, 
as with potassa ami soda. , 

(595.) I. It would seem that Lithia is not entirely 
without action on the Metals, seeing that it corrodes a 
platinum crucible in which it may be heated. 

(596.) K, With Acids, Lithia forms Salts Iflce the 
other alkalis : but these have as yet been little examined. 

Its saturating power is higher than that of either potassa * 
or soda. The Salts of Lithia are soluble in water, but 
the carbonate much less ho Ilian the other alkaline car- 
bonates. * 

(597.) L. Hydrochlorate of platinum, ferro-hydro- 
cyanate of potassa, and infusion of galls, produce no 
precipitate in Salts of Lithia. But a solution of car- 
bonate of potash, added to a concentrated solution of a 
Salt of Lithia, produces a white precipitate. The phos- 
phate of LHhia is also rather an insoluble Salt, in which 
respect it is distinguished from potassa and soda, 

(598.) M. None at present known. 

References to § 4. 

Consult Arfvedson, A?i. dc Ch. et dc Ph. vol. x. p. 84 ; 
Gmeliu, Gihb. An. vol. Ixii. p . 339; Clark, An. Phil. 
vol. xi.; Vuuquolin, An. de Hi. et Ph. vol. vii. p. 284 ; 

Gmelin, An. Phil. vol. xv. p. 341. 

* 

Sect. V. — Sodium. 

(.>99.) This Metal was discovered by Sir H. Davy in 
1 807 ; and his experiments were detailed in the Philo - 
Hophirul Transactions of 1808. He found that if pure 
caustic soda, a substance to be described in the follow- 
ing subsection, were just moistened by merely breathing 
on it, and placed on a disc of platinum ; the disc being 
connected with the negative pole of a powerful Vohaic 
battery, and a wire from the positive pole being brfnight 
ill contact with the upper surface of the .soda ; decom- 
position gradually took place. Oxygen Gas w as evolved 
at. the positive wire, and globules of metallic Sod it An 
ared at the parts in contact with the platinum, (a.) 

M. Gay Lussuc aud Thenurd subsequently dis- 
covered a process more purely Chemical, by which this 
ulkali might be obtained (6.) in greater quantity. This 
is performed by heating soda pnd#iron turnings to 
whiteness in a coated gun-barrel. The .process has 
been slightly modified und improved by others, and 
full instructions may In* obtained by consulting* the 
Memoirs quoted in icference (c.) 

(6P0.) Sodium at our ordinary temperatures is an 
cfpsujiie, metallic-looking Solid, having the lustre and - 
marly the whiteness of silver; but it is wcessary to ♦ 
examine it whcu.coverecl with a film of naphtha for the 
exclusion of atmospheric vdr. Tt is extremely malleable 
and ductile. It is lighter than water, having a Specific 
Gravity about ,97. It is less fusible than potassium, 
but begins to lose its solid Ibrfn at 120° Fahrenheit, and 
becomes fully .fluid at ISlP or 190°. Jt is not volatile 
even at thV find Ag beat of pi ate -glass. On being exposed 
to atmospheric air it soon unites with oxygen, and its 
surface becomes a stratum of soda*; but in perfectly dry 
air it remains unchanged. It combines with oxygen 
Gas at ordinary temperatures slowly, and without igni- 
tion ; at its fusing point the action is more energetic, 
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Chemistry, but light is not evolved, unless the Metal itself be about 
red-hot. It decomposes water with effervescence and 
Or hissing noise. In hot water this action is Htill more 
violent, but no flame is produced except from small 
pprtfcles, which may be driven off and ignited in their 
passage through the air. 

Two or more oxides of this Metal re,. at present 
admitted by some. The first formed to fusing soda 
and Stadium together ; in which case the ySxygen seems 
to be shared between all the atoms of Sodium, and 
« from this very circumstance it seems doubtful whether 
•the grey substance so produced be a true definite com- 
pound or not. The next oxide, soda , is formed when 
Sodiurti is burned, a volume of air affording just oxygen 
enough to convert the Metal into an alkali. This seems 
to contain one atom of each of its elements ; and in 
the state we usually possess it, there is also an atom of 
water which it retains with great obstinacy. But if the 
Met&l be burned in excess of oxygen, another oxide is 
formed which appears to contain Sodium ^wo atoms 
4- oxygen three atoms. This substance is Very fusible, 
and of a deep orange colour. When placed in water the 
excess of oxygen separates, and a solution of soda 
remains. 

(601.) The chloride of Sodium is formed by btiriyng 
the Metal in chlorine Gas; or by heating it in hydro- 
chloric Acid Gas, in which case the hydrogen is set at 
liberty ; — or by evaporating a solution of common salt, 
which in its crystalline form is a pure chloride of Sodium, 

« having only a little water mechanically existent among 
its molecules. But when this substance (which is 
sometimes called a Salt inadvertently) exists dissolved 
in water, it is generally believed to Leas a hydrochlorate 
of soda ; and then is truly a Salt. 

The chloride of Sodium, a most important and 
abundant substance, crystallizes in regular cubes : its 
varieties have been ably described by I>r. Henry, ( d .) 
By heat it decrepitates, and then fuses into a solid 
mass. It« dissolves in two and a half times its weight 
of water at 60° Fahrenheit, and hot water takes up very 
little more. Hence, as Dr. Henry well remarks, its 
solution crystallizes, not like that of nitre by cooling, 
b|*t by evaporation, (e.) 

(60*2.) Iodide of Sodium may probably be formeiUby 
a direct process, but it is certainly obtained by applying 
heat to the hydriodate of soda. 

( 603.) By heating Sodium in arnrnoniacal Gas, the 
hydrogen is disengaged, and an Iodide of nitrogen is 
formed. It unites afro with sulphur, seleniou, and 
phosphorus* but not with hydrogen. 

(604.) Sodium may form alloys with all the Metals. 

Its reagent action and useful application*, can only 
be sought for among the description of its oxides and 
Salts; save that the chloride (common salt) is a wiiolv- 
f some condiment to food, and a powerful antiseptic. 

Subsect. 1 . — Soda . 

(605.) At “ Soda, called also Fossil or Mineral 
Alkali , because it was thought peculiar to the mineral 
kingdom, was known to the Ancients (though not in a 
state of purity) tinder the names of e/rppv, and nitrum . 
It is found in large quantities combined with carbonic 
Acid, in different parts of the Earth, especially in Egypt. 
But the Soda of Commerce is obtained from the ashes 
of different species of the Salsola ♦ a genus of plants 
growing on the nearshore ; especially from the SaU 


sola Soda, from which the alkali has obtained its 
name. The Soda of Commerce is also called bariUa , 
because the plant from which it is obtained bears that 
name in Spain. Almost all the Algte also, especially 
the Ftiei, contain a considerable quantity of Soda. 
The ashes of these plants are known in this Country by 
tile name of Kelp, in France by that of Varee. 

“ Soda and potash resemble each other so tieat1y» 
that they were confounded together, till Du Hamel 
published his dissertation on common suit, in the 
Memoirs of the French Academy for 1736, He first 
proved that the base of common salt is Soda, and that 
Soda is different from potash, his conclusions were 
objected to by Pott, bpt finally confirmed by Margruaf 
in 1758.’* Thomson’s Sy stern. 

(606.) B. It would occupy more space than we can 
here afford, to describe fully the processes for obtaining 
pure Soda from barilla ; but an excellent abstract is 
given in Thomson’s Sysfent t vol. i. p 3:26. The general 
features of it, however, may be collected from the pro- 
cess for potassa. (Art. 626.) 

(607.) C. Soda when pure is a greyish white mass ; 
highly attractive of moisture, and sufficiently caustic to 
corrode and dissolve the skin, or other animal matters 
By exposure to air, ‘however, it does not deliquesce like 
potassa, but absorbing water and carbonic Acid* it 
crumbles into a white powder. 

(60S.) D. None, E. See Art. (601.) F. Unknown. 
G. Unknown. 

(609.) H. More remains to be discovered respecting 
the combinations of Soda with some ul these bodies; 
that with sulphur has been examined, but its real 
nature is not very manifest, (c.) 

(610.) I. Unimportant, though not absolutely non- 
existent. 


II. 


(611.) K. The Salts containing Soda as a base are 
numerous and important. The carbonate, bicarbon- 
ate, borate, (borax.) phosphate, and sulphate, are eir. 
ployed in Medicine and the useful Arts. 

(612.) L. The solutions of *S»lts of Soda may be 
recognised by the following properties; they are all 
soluble in water, and in a higher degree than those ot 
potassa. Their base is not f regipitated by any reagent 
whatever. The form of the crystals will serve to dis- 
tinguish them from thov* of a Salt of potassa. This is 
especially remarkable in the sulphate. By fusion in 
platinum-wire with the blow-pipe, a rich yellow colour 
is communicated uS the flame. 

(613.) M. Soda is largely employed in the very im- 
portant arts of soap-boiling and glass-making. 


References to 



„ (a.) Ph . Trans. 1808. (b.) Rerherches,\oY! i. p. 74. 

(<\) Tennant, Ph. Trans, 1814; Mandel, C am, h. Phil. 
Trans, vol ii. ; Thenard, Trajlh de Chimie ; An. Phil. 

N. S. vol. vi. p. 233; Brunner, Jour. Ruy. Inst . vol. k 
xv. p. 279. (d.) Phil. Trans, lslo. I^For analyses 

consult Thomson's Syst. vol/i. p. 341. (e.) Figuieft 

An. de Ch. lxiv. p. 59. 


Sect. VI. — Potassium. 

t 

(614.) A. 14 This Metal waij discovered by Sir H, ‘ 
Davy in 1807, arftl from its nature can only exbA under 
peculiar artificial circumstances, or in combination with 
other dements. 
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Chemistry. (015,) B. To the process by which Potassium was 
obtained we have already adverted in the mention made 
of Sodium; (599.) for the same measures must be 
taken in procuring both Metals. As before, we must on 
this point refer our readers to the more ample details of 
original Memoirs, (a.) 

(616.) C. At about 32° Fahrenheit it is hard and 
brittle, exhibiting a crystalline structure. At about 
50° Fahrenheit it is a ttoft malleable solid, having the 
lustre of polished silver. At 70° Fahrenheit it is a 

N semi-fluid substance, having in small globules a resem- 
blance to mercury ^but at 150° Fahrenheit it becomes 
quite fluid. £.1 a heat about redness it may be volati- 
lized unchanged. It is a conductor of heat and elec- 
tricity. Its Specific Gravity has been variously stated 
from .8 to .9 referred to water as unity. 

(617.) I). Potassium unites with oxygen, even though 
the Gas be dry, at ordinary temperatures ; but by the 
aid of heat it burns therein with brilliancy. When the 
Metal is brought in contact with water, a violent action 
ensues ; the water is decomposed with evolution of 
flame, and the protoxide of Potassium remains in solu- 
tion. This protoxide is potussa. (See subsect 1.) But 
when Potassium is burned in the open air, or in oxygen 
Gas, it is converted into an orange-coloured substance, 
which is a superior oxide of the Metal. This is by some 
called the peroxide ; we venture, in adherence to our 
system, to call it the tritoxide, to mark that it contains 
oxygen three atoms + Potassium one atom. The same 
substance is foimcd by passing oxygen Gas over potassa 
at a red heat. Potassa lia» a very strong affinity for 
wuter, so that even fused caustic potassa is a hydrate, 
containing potassa one atom 4* water one atom. But 
anhylrous potassa may be obtained by fusing nitrate 
of potassa in a crucible of gold. Mr. Dalton has 
given a Table showing the proportion of real alkali in 
solutions of potessa of different Specific Gravities, (b.) 

(618.) E. If Potassium be heated in chlorine Gas, 
its combustion is more vivid than in oxygen ; and a 
chloride of the Metal* is formed. The same substance 
results from heating to redness hydrochloratc of 
potassa formed by dissolving carbonate of potassa in 
hydrochloric Acid ; the hydrogen of the Add uniting 
• frith the oxygen of the potassa to form water, which is 
dissipated by the heat. • 

(619.) F. Unascertained. 

(620.) G. iodide *jf Potassium may be formed by 
heating Potassium with iodine in a green glass tube. 
Light is evolved during the combination. This iodide 
is volatilized by heat ; and by solution in water its 
elements take* to themselves hydrogen and oxygen 
•respectively from the water, and a solution of hydriodatc 
of porit$h results. 

(621.) 41. With hydrogen. Potassium forms two 
compounds, the one gaseous, the other solid. The 
former is produced silnply by heating Potassium in 
hydrogen (qus. TJie latter by a similar process, but at 
a Very moderate heat. Potassium unites also with 
Hulphur, s61cnion, and phosphorus. 

(622.) I, Potassium has a great tendency to unite 
with many of the other Metals, especially with mercury ; 
and the amalgam so formed is capable of dissolving all 

, other metallic bodies. v ,, '* 

(6#3.) K. la consequence of the strong affinity which 
this Metal bears for oxygen, it reduced the oxides of all 
other Metals when heated with them. When added to 
the mineral acids, Potassiujn decomposes water, becomes 


oxidised, and a salt of potassa remains in the aolu* 
tion. 

(624.) L. M. All action to which this bead refers, 
will more properly appear in the corresponding part 
of the subsection on potassa. 

« 

f jp#- Subject, 1.— Potassa. 


(625.) Ai^f a sufficient quantity of wood be Jiurncd 
to ashes, and these ashes be afterwards washed repeat- 
edly with water till it come olF free frorn any taste, and 
if this Liquid be filtered and evaporated to dryness, th$ 
substance which remains behind is Potash : not, how- 
ever, in a state of purity, for it is contaminated with 
several other substances, but sufficiently pure to exhibit 
many of its properties. In this state it occurs in Com- 
merce under the name of Potash. When heated to red- 
ness many of its impurities are burned off; it becomes 
much whiter thau before; and is then known inborn 
merce bj the name o i' Pear lash, bull, however, it is 
contaminated with many foreign bodies, and is itself 
combined w ith carbonic Acid Gas, which greatly modi- 
fies its properties. 

“ That Potash was known to the ancient Gauls and 
Germans cannot be doubted, as they were the inventors 
of soap, which Pliny informs us they composed of ashes 
and tallow. These ashes (for he mentions the ashes of 
the beech-tree particularly) were nothing else but 
Potash : not, however, in a state of purity, (c). The 
Kov/a t too, mentioned by Aristophanes and Plato, ap- # 
pears to have been a lie made of the same kind of 
ashes. The Alchyinists were well acquainted with it ; 
and it has been in every period very much employed in 
Chemical researches. It may be said, however, with 
justice, that till Berthollet published his process in the 
year 1786, Chemists had never examined Potash in a 
state of complete purity.” Thomson’s System , vol. i. 
p. 328. 

Besides forming a part of many vegetable substances, 
Potassa is found in several animal fluids. Also in some 
minerals, as the leucite, lava, pumice, and in feldspar 
and zeolites, sometimes to the amount of eighteen per 
cent. 

(626.) B. To obtain pure Potassa, take pearlash 
and dissolve it in twice its weight of hot water. To 
the solution add an equal weight of fresh-burned quick- 
lime, slaked, and then formed into a cream with water. 
Boil these together, in au iron kettle, for half an hour, 
continually stirring. Then filter 5ut, or pour off tile 
clear alkaline solution, and evaporate it So dryness in a 
silver capsule. Put the dry mass into a bottle, and add 
pure alcohol so as to dissolve out as much alkali as 
possible. Then separate again the alcohol by distilling 
* it fcver from off the Potassa in a silver alembic with a 
glass head. Pour the fused residuum upon a silver 
capsule, ami as soon as it is cool enough, let the cakt* 
be broken up hud kepi, in well-closed phials. Potassa 
thus prepared is still a hydrate containing alkali one atom 
-j- water one atom. • * 

(627.) C. Pure Potassa is a white, solid substance, 
highly caustic, fusible by a beat rather above redness, 
but not. volatile. The solid hydrate has its apparent 
properties greatly similar. When quite dry it is a non- 
conductor of electricity. 

(628.) T>. If oxygen Gas be passed over Potassa in 
a closed tube at a red heat, an additional proportion trf 
that element enters into combination, and the tritoxide 
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Chemistry, of potaerium is formed. We term it the tritoxide, atcon- 
'***s/m*r taining potassium one atom 4- oxygen three atoms, on 
v thy principles we have laid down for our guidance, (i 10.) 

; but this substance has been hitherto called the 
dentoxide or peroxide, seeing that the combination of 
onf» atom of metal -f-two atoms of oxygen has not yet 
been recognised. f 

(629.) E. When chloride of potassium is dissolved 
in water, a solution of hydrochlorate of pOtassa results ; 

^ and conversely when the latter Salt is evuporated to 

dryness, the mej.allic chloride is the only remaining 
product. 

(630.) F. Little examined. 

(631.*) G. If iodine be agitated in a solution of 
Potassa, both an iodate and an hydriodate are formed ; 
the latter being much the more soluble saft of the two. 

(632.) H. The action of some of these bodies with 
Potassa is rattier complicated, in some cases a union 
with %the Potassa seems to be formed, in others the 
alkali is decomposed, and its metallic base {prrns the 
basis of She resulting compound. The hydrosulphate 
of Potassa, a useful test, is formed by passing u current 
r of bydroMilphuric Acid Gas through a solution of 
Potimsa ; and it is capable of crystallization. 

« (633.) I. Pot assn exerts a solvent action on some of 

the Metals. 

(634.) K. With Acids Potassa forms, us a base, u 
most numerous and important class of Salts. Nitre , 
the nitrate of Potassa, is an anhydrous Salt, containing 
, an atom of each of its proximate elements; when fused 
it is called Sat prunella. Pearlash and Potash of Com- 
merce are carbonates of Potassa of variable degrees of 
purity. The proportionate composition of the carbon- 
ates of Potassa may be seen from the general Tahle in 
Part V. Sulphate of Potassa is employed in Medicine, 
and was formerly called Sal Poly eh rest. Prussiatc of 
Potajsh , as it was long called, is the ferro-hydrocyanate, 
a delicate and useful test for distinguishing metallic 
solutions. • 

• (635.) L. Potassa in solution is usually in the state 

of a Salt, it may be known by the following properties. 
The forms of the crystals. That a granular crystalline 
precipitate is produced by addition of tartaric Acid ; by 
t thif it is well distinguished from soda. By not being 

precipitated by any preparation of nut-galls, nor by 
ferro hylrncyanate of Potassa. By giving an orange- 
col. mred precipitate with a solution of platinum in nitro- 
ixmriatic Acid : a property not possessed by soda or 
litbia. • • 

(636) M. Potassa in its various states performs 
several valuable services in Medicine and the Arts. 
Nitre Is a powerful antiseptic, and un essential ingre- 
dient in common gunpowder. The alkali is used also 
in soap-boiling, glass-making, &e. « t 
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Sect. I. — Manganese . 

(637.) A. The most abundant ore of Manganese, 
the black oxide, has long been known ; and very soon 
after the study of minerals assumed a scientific form, it 
was seen that a heavy, black, earthy substance, which 
hud lurinerly been clashed with iron-ores, must besepa* 
rated from that genus. ^After several dissertations on 
this mineral, Bergman suspected it to be the oxide of a 
peculiar Metal, and ut hjs desire Scheele undertook the 
examination of the substance, and by his Essay, pub* 
fished in 1774, and Bergman’s ot the same period, the 
metallic nature of its basis was established. This oxide 
is almmluntly found in Devonshire and other parts of 
England : its other ores are the sulphuret, and a phos- 
phate, wherein it is combined with iron, but these are 
rare. 

(638.) B. From the great tendency of this oxide to 
vitrification, fluxes mu^t not be employed for its reduc- 
tion, an operation of great difficulty in consequence of 
the '•troog affinity of Manganese for oxygen. The only 
process by which the Metal has been obtained, is to 
submit oxide of Manganese, mingled with charcoal- 
powder and a little oil, to a most intense heat in a wind 
iurnuee. The Metal is fused in small globules, or ill 
an imperfect button at the bottom of the crucible. 

(639.) C. Manganese is of a greyish colour, a*»d 
finely granular texture; softer than cast iron ; Specific 
Gravity 8.013. (John.) Tt is very brittle, and of 
different fusibility. According to Morveau it. melts at 
160° Wedgewood, or a* a point somewhat above iron. 

(6 fO.) D. Pure Manganese, being exposed to the 
air, gradually oxidates and crumbles into powder. If 
heated in oxygen Gas it undergoes combustion, and de- 
composes the vapour of water at a red heat. Perhaps 
there are few subjects of. greater difficulty than the deter- 
mination of the number of oxide*; which this Metal pro- 
duces. We have on this subject valuable observations 
by Sir II. Daw, Chm. Phii .;> ?67 ; John, An. Phil. 
vail. iii. ; Berzelius, An. dr Ch. vol. Jxxxiii. and Ixxxvii.'; 4 
Gay Lussac, An. dr Ch. et de Pk . vol. i. ; Arfvodson, 

An. de. Ch. et de Ph. vol. vi. Davy admits only two 
oxides. John three, Berzelius fine, which number he 
has subsequently rechiced to four ; (An. Pint vol iii.) 
and according to Chevillot and Edwards, there is 
another degree of oxidation still higher than the per- 
oxide of all former Chemists, and possessed of acid 
properties. (An. de Ch. et de Ph. vol. viii.) Thenard 
is inclined to admit four oxides including the one last 
mentioned, which exists in the chameleon mineral. In 
this state of uncertainty it is impossible in a sketch like 
the present to give even an oufline of the processes fcf 
reasonings of these Chemists, we therefore tfcust confine 
ourselves to the two oxides the existence of which is well 
established. The first is precipitated from the Salts of 
Manganese, in the state of a white hydrate, containing, 
according to Davy, about twenty-four per cent of water ; 
when this water is driven off by a red heat the oxide 
assumes au q)iv€*gi^en colour. 

The native* black oxide, hitherto called the per- 
oxide, which must 1*e abandoned, should Chevillot nod 
Edwatdtfs experiments be verified, is familiar to every 
tyro in Chemistry, as the substance from which oxygen 
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Chemiitr?. is principally procured. It is formed gradually by ex- 
posure of the olive oxide to the action of the air. 

(641.) E. If metallic Manganese be exposed to heat 
in chlorine Gas their union is immediately effected, and 
light and heat are evolved. This chloride is a light, piuk- 
coloured, flaky substance, and is obtained also by sub- 
mitting hydrochlbrate of Manganese tb heat. ^ v 
642.) F. G. Unexamined. 

648.) H. Boron and silicon have not been united 
to Manganese. The phosphuret is easily obtained; 
and the carburet was found Jby Dr. Wollaston to con- 
stitute a peculiar sujnttnnce fining small cavities in cast 
iron, and knogn in the foundries by the name of ket*h. 
Bergman was able only to form a sulphuretted oxide of 
* Manganese, but Vauquelin {An. de Mm. vol. xvii ) 
obtained the true sulphuret ; and Proust has described 
a native compound of the same elements. Wi$h nitrogen 
and hydrogen no combination has been formed. 

(644.) I. Many of the provable alloyaWft&Mfcnganese 
have not yet been examined. It has, however, been 
united with iron, copper*jin, zinc, gold, and arsenic. 
It refuses to combine with silver, mercury, or lead. 

(645.) K. Until the number and composite of the 
oxides of Manganese shall be finally settled, opr know- 
ledge of the Salts of Manganese rfiust remain 1*1 a state 
of great imperfection. It has been tfie optniqp,:;,of 
Chemists that all the Salts which contain Manganese as 
a base, contiriii the green oxide: recent experiments, 
however, seem to prove that this is not the case; but it 
frequently happens that in processes wherein the solution 
of the black oxide is effected, certain phenomena occur 
which |4bve that the Metal, as it dissolves, is educed to 
a lower degree of oxidation. 

Nitric Acid dissolves Manganese with evolution of 
nitric oxide (i s. But on the black oxide, Sts action is 
extremely feeble. If, however, sugar, or any substance 
affording carbon, be added, solution tnfcfcs place with 
evolution of carbonic«Acid (las , thus thg Ggfcess of 
oxygen is disposer) of, ami a Salt containing; me green 
oxide is formed. Nithms Acid nets mor£ teadilv, be- 
cause the oxygen which the Metal loses, poes to form 
nitric Acid, and the same Suit is produced as in the 
former case. * • 

* • Protosulphate. Sulphuric Acid has hut little action 
on Manganese, hut this Salt iarcudily formed by dissolv- 
ing the carbonate in sulphuric Arid. It crysta'lizes in 
rimmhoidal prisms wMch are soluble in alcohol. 

Some other sulphates are mentioned b\ Arfvedson: 
one has been long known to be obtained by distilling 
sulphuric Acid off black oxide of Manganese, and lixi- 
viating the roaiduum ; the oxide contained m this 
reddish-coloured solution of the Salt is not well ascer- 
tained. 

Scheele,«by dissolving peroxide of Manganese in sul- 
phurous Acid, found that some oxygen quitted the 
» Metal and, uniting to fhe Acid, converted IHffitu the 
sulphuric, fflud tlnjs the protosulphate was formed. 
The true sulphite has nut been obtained. 

The hyposulphite remains in solution when hyposul- 
phite of lime ia precipitated by sulphate of Mtffttrauese. 

The hyposulphate is an exceedingly sohfbte%idt. re- 
maining in solution after the sulphate has beenhbtaineu 
% by evaporation from the Liquid whereih jblphuric Acid 
has acted upon oxide of Manganese., 

Hydrochloric Acid dissolves Manganese with evolu- 
, turn of hydrogen Gas 5 with the green oxide no Gas is 
evolved, hut by its action upon the black oxide' chlorine 


is evolved. A solution thus formed contains hydro- 
chlorate of Manganese, and this* by a proper heat, may 
be brought to the state of a chloride of the Metal. , 

Curbonate. A white powder precipitated fittfn ablu- 
tions of Manganese, by the addition of carbonate, of 
potash. 

Phosphate, This Salt occurs native, and, being 
scarcely soluble in water, is readily obtained artificially, 
by adding any alkaline phosphate to a solution 6t Man- 
ganese. 

Seleniate. A soft, white, insoluble powder, fusible, 
and having the power of corroding glass. The biseld- 
niate is soluble in water and crystal lizable. 

Arseniate. Formed by dissolving protoxide *of Man- 
ganese in arsenic Acid. The Salt separates in a crystal- 
line form. The uddition of an alkaline arseniate to a 
solution of the Metal, produces the same effect. A 
double Salt may he formed by dissolving these crystals 
in sulphuric Acid. (John, Gehl. Jour . vol. iv p. 4*13.) 

Antimoniate. A white, insoluble powder, nroduced 
by adding an alkaline antimoniate to a neutral solution 
of Manganese. (Berzelius, Nieh. Jour . vol.xxxv.) 

Chromate. Chromic Acid acts slightly on Man- 
ganese, but this Salt is best obtuiried by dissolving the 
ruetallic curbonate in the Acid. A brown solution is 
formed which is not capable* of crystallization. (John.) 

Tungstate. This Salt is un insoluble, infusible, white 
powder, former! by adding tungstate of potash to a 
solution of Manganese. (John.) 

Acetate. Ac* tie Acid acts feebly on Manganese and 1 
its carbonate. The acetate may lie obtained by evapo- 
ration in pink crystals, soluble in water and alcohol, 
(John.) 

Benzoate, or Benzoic Acid, has a similar action, and 
the Salt produced is in the form of slender, colourless, 
prismatic crystals, soluble in twenty times their weight 
of water, and also in alcohol. This Salt contains no 
water of crystallization. 

Succinate. Manganese and its carbonate are readily 
soluble in succinic Acid. The crystals produced have 
different forms, and though singly they are transparent, 
yet a number of them together have n pink hue. They 
are insoluble in alcohol, but water dissolves eighteen 
percent. 

Oxalate. Oxalic Acid dissolves Manganese or its 
oxide with effervescence, and a white powder is preci- 
pitated. The same Salt is produced by adding oxalic 
Acid to a solution of the Meta) In ai^ Acid. (Bergman.) 

Tartrate. An insoluble Salt, which is formed by 
adding a neutral tartrate to a solution of llarytes. The 
Acid dissolves oxide of Manganese. , 

Citrate. The citric Acid dissolves Manganese, 
fonping u Salt of moderate solubility, 

* Silicate. A beautiful rose-red ore of Munganese well- . 
known to Mineralogists, is, according to.Berzehus, a, 
combination of, silica and the metallic oxide, wheiein 
the former earth performs the part of an Acid. {Afkuiut- 
linear , vol. i. p. 105.) # « 

f 

Double. Haiti 1 . 

Tartrftte o£ potash and Manganese. By mixing 
tartrate of' potash with a solution of Manganese ; after 
some time has elapsed, 'small prismatic reddish brown 
crystals art? * deposited, consisting of this double Salt, 
which is sparingly soluble in water, 

(64o.) L In neutrat solutions of Manganese the 
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Chemistry, following effects are produced. Fixed alkalis produce a 
• •v**-' white precipitate, which gradually blackens by expo* 
su/e to the air. Prussiate of potassa and hydrosul- 
phate of potassa a white precipitate. Hydrosulphuric 
Acid Gas whitens the solution, but produces no preci- 
pitate. Gallic Acid, infusion of galls, succinate and 
benzoate of ammonia, produce no effecf ; no other 
Metal throws down Manganese in the metallic state. 

(6470 M. The common black oxide of Manganese 
* is of great service to the Chemist for procuring oxygen ; 

and it materially assists the glass-manufacturer in 
depriving glass of the green colour, which the iron pre- 
sent in the sand, or the (lux, is liable to give to it. 
Hergmifii thus explains the theory of its action, Mun- 
gnnese in the state of black oxide produces a purple 
colour, but as a protoxide it gives no colour at all ; 
iron, on the contrary, in a low state of oxygenation, 
gives a green tinge ; but at a higher degree of oxidation 
f it either remains infusible, or does not communicate 


colour. Hence it is evident that by these two oxides 
being present in proper proportions, each Metal pusses 
to that state which is requisite for the formation of 
colourless glass. If the Manganese be in excess, the 
glass assumes a violet hue of any requisite intensity. 
Possibly, also, the oxygen of the Manganese may tefui 
to the combustion of any carbonaceous matter present 
in the fused gluss. 

The black oxide of Manganese is largely employed in 
the preparation of chloride of lime for the bleachers, 
f For more ample details consult the references, (a.) 
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• Sect. II. — Iron. 

(648.) A. This Metal, although the most abundant 
Wid useful of all with which v\c are acquainted, was 
ptohuhly not the earliest known to the inhabitants of 
the Earth. Gold, silver, and copper, frequently occur- 
ring native, would* sofln attract attention Irom their 
properties, atfd become valuable auxiliaries to the arti- 
ficer but with the exception of those rare masses which 
seem to be of meteoric production, Iron must have re- 
mained unknown until accident, or a suspicion of their 
nature, led to the reduction of its ores. This know-* 
ledge, however, the Israelites possessed in the time of 
Moses, but how or whence they obtained it we know 
not. History informs us that about 200 years after- 
ward, its use was introduced into Greece ; but two facts 
tend lo provfe that even after another period of two 
centuries, it was extremelj rare in that Country. The 
first, that the weapons of war were formed of a hard 
alloy of copper and tih,or ancient brdnze; a,rid the second, 
that a ball of Iron formed a prize given by Achilles during 
the Trojan War. Throughout Europe, indeed, bronze 
probably preceded Iron in the fabrication of*swordsand 
die heads of spears. The Celtic inhabitants of Britain 
have left durable memorials of their workmanship in 


this beautiful alloy, and similar specimens have at p»rtJL 
different times been found in many of the Northern '**s/**m 
parts of Europe. 

Some of the of Iron occur native, but it is from 
the oxides that the Iron of Commerce is principally ob 
tained ; the sulphurets are alsp frequent. As a genuine 
mineral production, native Iron is of great rarity. 

(649.) B. The reduction of the ores of this Metal on 
the large scale will come under consideration elsewhere, 
ami for Chemical purposes the best soft Iron is to be 
selected, which is nearly pure, but may contain a little ■-* 
carbon, from which indeed this Metal is seldom entirely '' 
free. 

(650.) C. The bluish-white colour of Iron is familiar 1 

to every one. Its hardness when pure is not very 
great ; but when converted into steel, it may be ren- 
dered superior in hardness to almost every other sub- 
stance. It is malleable when cold, and more so when 
hot, but in this respect it is inferior to gold and silver, 
though much superior to either in ductility. Its tenacity 
is great, and its Specific Gravity is stated from 7.6 to 
7.H7. Its fusing point is about 158° of Wedgevvood. 
(M‘Kenzie.) It is capable of permanent magnetism; 
hut when pure it does not long retain this property. 

When Iron is violently heated its surface softens, and if 
two pieces in this state be hammered together a perfect 
union is effected. This property is common only to this 
Metal and platinum : it i* ol great utility, and known to 
artificers by the term welding. 

(651.) D. Iron lias an exceedingly strong affinity 
for oxygen ; it rusts, that is oxidates, by free exposure 
to the atmosphere, and this effect is greatly aqpfelerated 
by moisture. It gradually decomposes water also at 
ordinary temperatures ; but some recent experiments of 
Dr. Hall (Braude's Journal) render it probable that 
this effect will not tuke pluce in pure water when the 
access of air is prevented. At a red heat it decomposes 
water with great rapidity; at ji vecy intense heat it 
decomposes the fixed alkalis ; but it is a singular cir- 
cumstance, that though in the first case it takes oxygen 
from hydrogen, and in the second from the metallic 
buses, yet hydrogen and these bases are also capable 
of decomposing the oxides qf Iron. Thus a curious 
problem in affinity is presented. 

Two distinct oxides of Iron are recognised by all 
Chemists, the black and the red. The first has long 
been known as the Martial ect&iops qj the Materia 
Medica. It is best formed by exposing a paste qf iron 
filings and water to the action of the air, moistening it 
repeatedly till the whole is oxidated, and then drying 
the powder by a gentle heat in an iron vessel. 

(De Uoever, An. de Ch. vol. xliv.) The same oxide is 
precipitated from recently prepared sulphate of iron, 
by* the uddilinn of pure potash ; and $lso by the com- 
bustion of iron wire in oxygen Gus. The red (per) 
oxide is firmed by exposing inon filings to a red ty»at 
in an open vessel; a deep-red powder^s produced, 
formerly termed Saffron of Map. 

Thenurd and Gay Lussac have described other 
oxides of Iron, but at present considerable uncertainty 
exists on this subject. The atomic constitution of the 
oxides of Iron presents difficulties which have not yet 
been satisfactorily .removed. # 

(652.) E. The chloride of Iron was discover*# by 
Dr. J. Davy ; it id obtained by dissolving the Metal in 
bydrocWoric &cid, evaporating and exposing the reel* 
duum t<*a red heat, carefully excluding atmospheric air* 
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Cnewfttry* Thus obtained, the protochloride is of a grey colour and 
metallic lustre, fusible, but not volatile, and imperfectly 
soluble in water. ( Phil. Trails . 1812.) 

The tleutochloride is obtained b^ burning Iron wire 
in chlorine Gas, or by evaporating an hydrochloric 
solution of the red oxid* of Iron to dryness, with exclu- 
sion of atmospheric air. The substance is fusible, 
volatile, and may be condensed in minute crystals. It 
is soluble in water. (Sir H. Davy, Phil. Trans . 1811, 
^ .and Dr. J. Davy, Phil . Trans. 1812.) 

* No unalysis of these two compounds has a very 

^strict agreement with the theoretical composition, sup- 
posing the former to consist of an atom of each sub- 
stance, and the latter of one atom of iron and two 
atoms of chlorine. 

(653.) F. Unknown. 

(654.) G. The only iodide of this Metal at present 
known, is formed by heating Iron in the vapour of 
iodine. It is a brown, fusible substance, soluble in water, 
producing a light green solution. 

(655.) II. Of the combinations of Iron with com- 
bustibles, the carburets are by far the most important. 
When the Metal is in excess, steel is formed of different 
kinds, in proportion to the quantify of carbon ; and it is 
stated by Mr. Mushet that no good steel contains more 
than one-sixtieth of carbon. In cast Iron, however, a 
greater proportion is found, the maximum of which is 
stated at one-fifteenth. For further particulars on this 
branch of manufacture, se„e reference (/>.) Carbon, 
combined with a very' small proportion of about one- 
twentietli, is the native plumbago, formerly called black 
lead. With regard to all the combinations of carbon 
and Iron, no satisfactory attempt can be made to bring 
them under the laws oft he atomic theory ; true Chemical 
combinations they nevertheless appear to be ; and if so, 
the atom of one element must be united to more atoms 
of the other than we are in the habit of considering 
probable from fhe kilown constitution of cither bodies. 
The phosphuret of Iron may he formed artificially, and 
also enters into the composition of what is termed void, 
short Trail. According to Berzelius the silicuret and 
seleniurets exist, and the boruret has been described by 
. Gmclin. Two definite Kulphtircls exist native, the one 
* known as magnetic pyrites, the other Inning so much 
sulphur that the magnet*; property is destroyed. 
According to Mr. Hatchett, whose experiments are 
highly interesting, tiff; carburets, gulplmrcls, and phof- 
„ phurMs of Iron have each some particular properties of 

combination, at which magnetism is most powerfully 
and permanently developed. Pure Iron being capable 
of little permanency in its magnetism, and again, when 
•combined with too great a proportion of the uomnetallic 
combustible, losing the property altogether. 

(656.) 1. Sttictly speaking. Iron may be considered 
Capable of uniting with all the other Metals, though 
•’ «Sme of these combinations ure of difficult formation : 
thus the gr?at infii&i Dili ty of both the Metals renders it 
difficult to form an alloy of platinum and Iron ; and the 
volatility oY mercury at a comparatively low temperature 
presented an obstacle to its union with Iron. This 
difficulty, however, Mr. Aikin indirectly surmounted. 

(657.) K. The black oxide is soluble in most Acids 
* forming light green solutions. The rad' oxide gives 
also* with most Acids? solutions of a reddish-brown 
colour, but is not so readily soluble as the bla^k oxide. 
• There exist then two distinct series of the Saljs of Iron 
with the same series of Acids, via, the protosalts and 
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the persalts, as for the present we may continue to call 
them, 

Nitric Acid (Specific Gravity l.t’6) acts gently upon 
Iron with very slight evolution of Gas, and a solution 
of protonitrate of Iron remains, darkly coloured by# the 
nitrous Gas, which the Liquid at first retains, but which 
by combining with oxygen is gradually converted into 
nitric Acid, and becomes transparent, # 

If the above protnnitrate he exposed to the air, or 
heated, it passes into the pernitrate, which is also the 
Salt obtuined by the action of strong* Acid upon tjie *• 
Metal ;*in this case a rapid decomposition takes place, 
and the protoxide and dcutoxides of azote ipre abun- * 
dantly evolved. This Salt is decomposed by a red 
beat, the red oxirle remaining no longer soluble in 
nitric Acid. Hence, in analysis, if it he desirable to 
estimate the Iron in the state of protoxide, a few drops 
of nitric Acid are added previous to exposure t<j a red 
beat; but if the protoxide be required, the residuum is 
mixed with a little tallow or wax, and hy ex|tn«ure to a 
gentle red heat, a definite protoxide is obtained. 

It is well to remember that the protoxide is soluble 
in nitric, but not in hydrochloric Acid. The peroxide is 
soluble iu hydrochloric Acid, but not in nitric. No 
crystals of the pernitrate can be obtained by evapora- 
tion, but Vauquclin is said to have formed them indi- 
rectly. 

Sulphuric Acid dissolves Iron ami both its oxides. 

By the action of dilute Acid upon the Metal, hydrogen 
is evolved, and the protosulphate is produced. It is* 
readily crystallized, but both iu this state and in solution, 
if exposed to the air, the Metal proceeds to a higher 
degree of oxidation. This Salt is well known by the 
names of green vitriol or copperas; that vvljich is met 
with in Commerce is chiefly produced by moistening 
native pyrites, with exposure to air and subsequent 
washing, evaporation, and crystallization. In the crys- 
talline state, this Salt contains about forty-five per cent of 
water. 

There are, according to Thomson, three subspecies of 
persulphate of Iron, but wunt of room will compel us 
here to refer to his system for a more particular account 
of them. The red persulphate of Iron being soluble in 
alcohol, which the green protosulphate is not, gHfords a 
ready mode of separating these Salts if mixed. The 
sulphite of the protoxide only is known, and may be 
formed by direct solution of the base in the Acid. 

By the action of sulphurous # Acid on Iron, the hypo- 
sulphite is produced, and its formation, ap explained by 
Berthollet, is exceedingly instructive. The mutual 
action is violent, but no Gas is evolved. The Ifron is 
oxidized at the expense of the Acid ; half its oxygen 
combining with the Iron to form the black oxide, while 
the remaining sulphur and oxygen form hyposulplmrous. 
Acid, which unites with the base, (c.) ,Mr. iferschal 
obtained the same Salt hy dissolving carbonate of Iron 
in sulphurous Acid, and boiling the solution upon 
sulphur. (/) The proto muriate is formed by th<fc action 
of muriatic Acid upon metallic Iron, but the protoxide is 
insoluble in this Acid , while by its action upon the per- 
oxide the soluble ptgrnurinte is readily obtained. 

A solution flf fluoric Acid iu water dissolves Iron; 
the solution does not crystallize by evaporation, but . 
only becomes gelatinous. 4 

A solution of carbonic Acid in water acts feebly upon 
Iron ; wit f» excess of Acid the Salt remains dissolved* 
but by boiling, or by long exposure to air, the Iron ittBa 
4 z 
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Chsmistry. down in the state of red oxide, still retaining some 
Add; this process is daily seen in mineral waters. The 
catenate has recently been found native, (e.) and may 
also be obtained by precipitating a solution of the 
sulphate by an alkaline carbonate. The rust which 
collects on exposed surfaces of Iron, especially if moist, 
is this carbonate more or less perfect. 

The phosphate is produced by mixing solutions of 
phosphate of soda and sulphate of Iron, the perphos- 
plmte by mixing those of permuriate of Iron and phos- 
r phnte of soda ; ft exists also native. ( d .) 

‘The borate precipitates, by the addition of solution of 
, borate of soda to that of sulphate of Iron. Berzelius 
has described (An. dr Ch. vt dr Ph. vol. ix.) the proto- 
selcniate and biprotoselciiiate, the perseleniate and hiper* 
seleniate. (g.) 

The protarseniate and perarseniate of Iron exist native 
in Cornwall ; the former may be produced by adding 
' arsenibte of ammonia to a solution of sulphate of Iron, 

and the latter by adding the same arsenical Suit to a 
solution of persulphate of Iron. Antimoniate of potash 
precipitates a white antimoniate of Iron from the 
sulphate. Chromate of potash produces from sulphate of 
Iron a tawny-coloured precipitate, consisting of oxide of 
r chromium. Hence Vuiiquelin observes, that as tlc^ 
black oxide of Iron decomposes chromic Acid, proto- 
chromate of Iron does not exist. (Vanquelin, An. dr Ch. 
vol. I xx.) He suggests that we might probably form a 
percliromate by employing some persalt of Iron instead 
« of the protosulphate. 

Alkaline molybdates, according to Rcheele, produce 
a brown precipitate in the Salts of Iron. The tungstate 
exists native, (Wolfram,) and may be formed by adding 
an alkaline tungstate to a solution of sulphate of Iron. 
Acetic Acirl readily dissolves Iron, and appears to form 
distinct Salts with the two oxides The acetate is 
crystallizable, but the peraeetate by evaporation is only 
gelatinized. The benzoate of Iron is a yellow, insoluble 
Salt, obtained by precipitation. The succinate is a 
crystallizable Salt, obtained by dissolving oxide of Iron 
in succinic Acid. But bv adding mu nnate of ammonia 
to solutions of the persahs of Iron, a reddish, insoluble 
peiyucciniite is thrown down. On this propel ty is 
• founded one method of separating Iron from manganese. 

Thus by taking care to have the mixed solution of the 
Metals neutral, and the Iron in the state of a persalt, 
and then adding succinate of soda, the Iron may be 
entirely precipitated^ By adding boletate of ammonia 
to a prolosulphate of Iron no precipitate is produced; 
a solution of* persulphate is entirely decomposed by 
thes^means, and the Iron thrown down in the form 
of a red powder, Accoiding to Braconnet, by this 
means Iron may be separated fiom manganese, lime, or 
alumina. • , 

t Sulphuric Acid gives a deep yellow colour to sulphate 
of Iron, but causes no precipitation. Oxalic Acid 
dissolves both Iron and its oxides; the protoxalate is 
soluble and crystallizes ; the peroxalate has the contrary 
properties, The superoxalate of potash is, therefore, 
r sold under the name of Sa l f o f lemons, for the purpose 
of removing spots of ink from linen. From u persalt 
of Iron, mellitic Apid produces a yellow precipitate. 
Iron and its oxides are soluble in tartaric Acid ; the 
prototurtmte is soluble and crystallizable ; the pertar- 
trate ha*», not these properties. CitHc Aci'd dissolves 
Iron, and gradually deposits a white powdfcr, which is 
stated to consist of a citrate and a bicitrate of Iron : 
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the former readily passing, if exposed, to the state of Parti 1. 
percitrate, which is a deliquescent and soluble Salt. Wryw 

According to Rcheele, the saclactic Acid does not 
throw down Iron from its sulphate. Malic Acid gives, 
according to Scheele, a brown, uncrystalliaable solution 
Lactic Acid dissolves iron, depositing delicate crystals, 
scarcely soluble in water. With protosalts of Iron, 
gallic Acid produces no precipitate, but with the pur- 
suits it forms the well-known black of our writing-ink; 
and this, though in reality a true precipitate of per- 
gnllate of Iron, is in so minute a state of division, as to 
remain suspend d in the Liquid, especially if its consist-, 
ency be increased by the presence of anv^ mucilaginous 
substance 

Double sulphates of potash and Iron, and potash and 
ammonia exist. (Link, An dr Ch. vol. 1.) The well- 
known tartarized tincture of Iron of the Materia Medica, 
is a double tartrate of potash and lion. And the 
Frrritm Amimmiatum of (he rharmaeopoeia, is a double 
muriate of ammonia and Iron formed by sublimation. 

In this cuse the ammonia and the Acid are capable of 
carrying the oxide of Iron along with them in the 
volatile state, and the same property enables the 
muriatic Acid to carry over with it Iron in the process 
of distillation, which fs the cause of the yellow colour in 
the common Acid of Commerce. 

On a review of the above Salts of Iron it will app ar, 
that lor the most part the protosults are crystallizable, 
and that the greater part of them are so soluble as not 
to l>e obtained by precipitation ; that is supposing the 
formation of a protosalt to take place when a neutral 
solution of any Salt is added to a protosalt of Iron, the 
newly-formed Suit remains in solution ; but whether 
lius is the case, or whether no decompnsiuVm is elfccled, 
we have not at present any means ol determining. 

The pcrsalts, on ihe contrary, rarely crystallize, and 
generally fall down in an insoluble state. 

(ti5S j L. Much of the effects ofcoagvnts on the 
solutions of Tron. may be gathered from the preceding 
section. The most common tests o* Iron are the infu- 
sion of galls, which gives no precipitate until the Iron 
is peroxidized by a few drops of nitric Acid, or by ex- 
posure to the air. The ferr,)-*i>d r ooynnate of potass a 
giving a white precipitate with the protosalts, and a 
deep blue one with the persalt s, is a most delicate test. 
Sulphuretted hydrogen produces no precipitate with the 
protosalts, but wiih the persahs gives n precipitate con- 
sisting of sulphur, because in this case the sulphuretted 
hydrogen is decomposed, and also the peroxide of 
Iron, which passes to the state of protoxide. “ This 
Has likewise precipitates Iron from its solution in some 
of the weaker vegetable Acids.” Hydrosnlphuret of. 
potash gives a black precipitate with the persalts 

(659.) M. The countless uses of metallic* Iron and 
steel need no enumeration; two of its Salts have been 
mentioned as employed in Medicine, and formerly ilwc.» 
given in several other states of combination. The per- 
acetate is of great use to dyers, and considerable quan- 
tities of the sulphate are employed by hatterri. 
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"Phil. Tram . 1804 ; Proust, Jour, de Phys. vol. liii. 
* ( b .) Steel, Stodart on Tempering; Nich. Jour. 4to. vol. 
iv. ; Davy, An. Phil. vol. i. ; Pearson, Phil Tram . 
1791; Scheele on Plumbago, Essays ; M‘Kenzie, Nich. 
Jovr. 4to. vol. iv. ; Berzelius, Afhandlingar, vol. iii. ; 
Cnlier, Manchester Mem . vol. v. ; Clouet on .Steel, 
Jour, de Mines , 1798, also Jovr. de Mines , vol. iv. ; 
Guyton and Darcot on Steel, Jovr. de Mines, 1798; 
Mushet on Steel, Phil. Mag. vol. xii. and xiii. (e.) 
vBuchoIz, Gehl .Joifjr. vol. i. (d.) Lnugier, An. de Ch. 
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Sect. Ill— Tin. 

(660.) A. Pliny begins his chapter upon Tin thus. 
Stannum illftum ern ns vans, saporem graliortm facit, 
et compeseit t uruginis virus ; mirumque, pandits nil 
c.uget. (Miruin ! truly.) He describes it as coming 
from Spain and Britain, and mentions its great abun- 
dance in the latter, (a.) Moses mentions Tin as one 
of the Metals that may 41 abidt* the fire* for purifica- 
tion. (b.) The mines of Cornwall, from which great 
quantities of this Metal are procured, exceed in richness 
those of every other part of the world; but the purest 
Tin is said to come from the Peninsula of Malacca. 
The principal ore of Tin 'is its oxide, under various 
crystalline forms, which have been ably investigated by 
Mr. W. Phillips, (c) r\s a sulplniret it is also found, 
but this is a rare mineral, and lurgely contaminated 
with copper. 

(661.) B. The common process for smelting Tin in 
Cornwall is fully described in Aikiu’s Dictionary ; it 
consists in pulverizing the ore, and washing it, sc# as to 
remove the lighter r^eky particles. The heuvy metalli- 
ferous ones which remain, are then roasted to drain off 
arsenic and sulphur, »and to oxidate some other, metallic 
impurities. By a subsequent washing, the oxide of Tin 
remains in tolerable purity; it is now mixed with 
charcoal, and subjected to a violent fui mice bent, by 
which the reduction is effected, and metallic Tin sub- 
sides to the bottom of the furnace, from which it is 
run off into pigs for sale. 

(662.) C. ^Tin is yf a brilliant white colour ; it has a 
sligltf but disagreeable taste, and emits a smell when 
ruljbed. In hardness it is superior to lead, but inferior 
to gold; Specific Gravity 7.291 to 7.299. “ It is very 

malleable : 'fin-foil, as it is called, is about one-thou- 
# 8andth of an inch thick, and it might be beaten out into 
leaves as thin again if wanted for purposes of Art. Its 
ductility ipid tenacity are much inferior to that of ipost 
of the Metals known to the Ancients.” A wire onc- 
tfnth of an inch in diameter is calculated just to support 
a weight nf|47.36 pounds. Tin is very flexible, and a 
singular crackling* noise is heard on bending it; the 
property it peculiar to this Metal and cadmium. Tin 
fuses at a temperature of 442° Fahrenheit, but requires 
a very high temperature for its volatilization. By 
careful cooling, the crystals obtained from this Metal 
are. rhomboidal prisms (d.) * 

(663.) D. By exposure to air' Tin* becomes tar- 
nished, but undergoes no further change ; at ordinary 
temperatures it has no action upon water, but if steam is 
jMttfced over Tin heated to redness, a rapid decompose 
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tion is eflScted, the Tin is oxidated, and hydrogen is Pm* 11. 
g wen out. (<*.) Of this ICletal there are two distinct 
oxides. The first, or grey oxide, is produced Jjy dis- 
solving Tin in hydrochloric Acid, with aid of heat, dnd 
precipitating the solution by ammonia* Thus an hydrate 
of the protoxide is obtained. By heat it is not deeftm- 
posed, but Passes to a higher degree of oxidation ; it is 
soluble in alkalis and Acids. 

The dentoxide is obtained by acting upon Tin with 
concentrated nitric Acid ; no solution is effected, but a 
white powder is formed, which is a hydrate of the deut- 
oxide. By beat, the water is driven off*, and the piye 1 
yellow dentoxide remains. Berzelius obtained the same 
substance by beating Tin filings in contact with.peroxitle 
of mercury, (f) 

This oxide may, by digestion, be united to the sul- 
phuric and muriatic Acids ; but though in both cases the 
compound remains insoluble in the Acid, yet in the 
former it becomes soluble in water. In the suimj man- 
ner, by digest ion with alkalis, compounds soluble in 
water are similarly produced. * 

The two oxides of Tin are easily distinguished from 
each other by their properties: the protoxide undergoes 
evident combustion, at a red-heat ; the dentoxide does 
not so. The former is soluble in dilute nitric Acid ; the 
latter is not so. The former deflagrates with nitre ; the 
latter does not so. Solutions of the protoxide gives black 
precipitates with corrosive sublimate. 

(66*1.) E. Two chlorides of Tin are described by 
Dr. J. Davy. ( f.) The protoehloride is most easily 
obtained by heating pmtomuriute of Tin in a retort, till 
a fused, grey, resinous substance remains. 

The deutochloride may be formed by heating Tin, or 
its protochloride, in chlorine Gas ; but it is most readily 
formed by heating 6 parts of Tin, 1 of mercury, and 33 
of corrosive sublimate, together in a retort. At first, 
water is disengaged, but afterwards a white vapour is 
rapidly produced, and condensed in a receiver, forming 
a colourless Liquid. This has long been known by the 
name of the fuming; liquor of Libavius , from its dis- 
coverer. 

(665.) F. Unexamined. 

(666.) G. Tin in fusion rea lily combing with the 
vapour of iodine, mid a fusible, orange-coloured iodide 
is the result. Water converts it into hydriodic Acid and 
oxide of Tin. 

^667.) H. Tin, in all probability, does not combine 
with hydrogen nor azote ; neither lias its union with 
carbon, boron, or silicon been effected. The pliosphuret 
may be formed by dropping pieces of phosphorus into 
melted Tin, or by fusing in a crucible equal parts of 
glacial phosphoric Acid and Tin-filings. A 

Three sulfihurets of Tin are known to Chemists. 

The protn-sulphiiret is formed by fusing Tin and sul- 
phur together, pulverizing the compound, again mixing* 
it with sulphur, and subjecting it to a sufficient heat t* 
volatilize all the superabundant sulphur. This compound 
has metallic lustre with i he colour of lead, anti is capable 
of crystallization. “ When dissolved in concentrated 
muriatic Acid it is entirely ^converted into oxide of Tin 
and sulphuretted h\drogeirGas. ,> Thomson. 

A substance, long known to Chemists under the name 
of ‘Aurum Mosaicvm , is the deuto-sulphuret of this 
Metal. The best process for obtaining it appears to be , 
as follows.. 'Amalgamate S ox. of* Tin with an equal quan 
tity of mercury, mix this 'with 6 ox. pf sulphur and 4 of ' 
muriate of ammonia. Expose this compound to a violent 
4x2 
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Chemistry, heat, in a matrass, and on breaking the matraSs, beautiful 
s — hexagonal plates of the an rum momicum will be found 
condensed within the neck of the vessel. This sub- 
stance is in the form of delicate scales, which have the 
appearance of gold, mid if applied with varnish to any 
smooth surface, may be made to acquire considerable 
beauty from the operation of the burnisher. 

The other sulpimret of Tin was obtained by Berze- 
lius, who distilled deutosulphuret of Tin with sulphur ; 
and obtained what has been culled a sesquisulphuret, 
but is in our nomenclature a hemideutosulnhurel of 
' Xin. 

(668.) I. Tin appears, as fur as trial has been 
' made, to be capable of uniting with every Metal ; pro- 
ducing greater or less change in their mutual pro- 
perties. With potassium, sodium, cobalt, arsenic, brittle 
alloys are formed. With bismuth, zinc, and lead, the 
ulloys have considerable ductility and tenacity. Iron 
does pot combine readily with Tin, but by fusing the 
Metals, in a closed crucible, an alloy is formed. Accord- 
ing to Bergman ( 7*. ) two distinct alloys, containing widely 
different proportions of the Motals, are found after fusion 
r in thd same crucible, the one of 2 1 Tin -f l iron, the 
other of 1 Tin + 2 iron ; this is a question worthy of 
r examination. 

(669.) K. The Salts formed by the oxides of Tin a?e 
exceedingly curious, and have important properties. 

Diluted nitric Acid (Specific Gravity 1.114) dissolves 
Tin with effervescence, and it is recommended to moderate 
the violence of the action by plunging the vessel in 
‘which the process is carried on into cold water. Thus 
a solution of protonitrate of Tin is obtained. By stand- 
ing, and especially if heat be applied, a portion of the 
protoxide is deposited ; the solution also contains nitrute 
of ammonia, for in the process both nitric Acid and 
water ore decomposed, and by the union of the nascent 
azote of the one, and the hydrogen of the other, the 
alkali is generated. 

If, however, strong nitric Acid (Specific Gravity 1.25) 
be poured upon Tin-tilings, the action is exceedingly 
violent, and the Metal being oxidated ad maximum , is 
entirely precipitated in the state of a white powder ; thus 
pernitrate of Tin cannot exist. In this case, also, mn- 
moAu is produced. This interesting experiment may 
he performed . by adding a small quantity, of strong 
nitric Acid to Tin-foil, or Tin-filings, in a Wedgewood 
mortar, and after the fir.-.t violence of the ac tion has 
ceased, and the fumes of nitrous Gas are chiefly dis- 
persed, add a liule#eau*lic alkali or quick-lime ; on 
rubbing the mixture together a pungent smell from the 
disengaged ammonia is perceptible. 

By\ he action of cold sulphuric Acid on this Metal, 
the Acid is decomposed, sulphurous AcidXias is evolved, 
and a persulphate of Tin is fully held in solution ; ,by 
evaporation, this Salt gelatinizes, but does not crystallize; ‘ 
and by a flu si an of water, it is separated in the form of a 
white powder. * • 

By solution of the protoxide of Tin in this Acid, a 
crystalline piotosulpliute may be formed. 

If a plate of Tin be placed in sulphurous Acid, a 
black powder gradually falls*, which is snlphuret of Tin, 
produced by the partial decomposition of the. Acid ; 
while at the same time u part of the Tin* is oxidated, 
and hyposulphite of Tin remains in solution. Accord- 
ing to Herscbel, also, ’this hyjmsulphite is. a soluble 
Salt, as mere Tin causes no precipitate in tin alkaline 
hyposulphite. 


STRY. 

Hydrochloric Acid readily dissolves Tin, with evolu* U. 
tion of a fetid hydrogen Gas, In this solution the 
Metal is in the state of protoxide, and from the strong 
tendency which Tin has to pass to the higher degree of * 
oxidation, this solution produces marked effects in many 
metallic solutions, wherein the oxygen is combined with 
the Metal by a feeble degree of affinity. Thus by proto* 
hydrochlorate of Tin, solutions of zinc, antimony, silver, 
and mercury, are precipitated ^ in the metallic state, 
either pure or mixed with some portion of Tin. With 
gold a purple precipitate is produced, containing both 
gold and Tin in some state of combination, not at pre- 
sent clearly understood. The persfdts of iron are re- 
duced to the state of protosults. For I'oany more of • 

these important, properties we must refer to the Memoirs 
of Pelletier and Proust. This protohydrochlorate muy 
be crystallized, but readily changes to the state of deut- 
hydrochlorute, if great care be not taken to preserve it 
from oxygen. The deuthydrochlorate may be formed by 
dissolving the deutoxide of Tin in muriutfc: Acid, or by 
the process before given for obtaining Libavius’s liquor, 
in which htate it has been already described. 

From the failures of Bergman (i.) and Proust 
( k .) it would appear that no carbonate of Tm cun 
exist. * 

Phosphate of Tin being insoluble in water, is 
formed by adding hjdrochlorate of Tin to an alkaline 
phosphate, but liquid phosphoric Acid has scarcely any 
action cm metallic Tin. 

Precisely similar properties mark the action of boracic 
Acid. Arsenic Acid is slowly decomposed if digested 
upon Tin ; but by adding this Acid to acetate of Tm, or 
by mixing alkaline arse t dates with muriate of Tin, an 
insoluble arseniate of Tin is precipitated. 

With the assistance* rf heat, acetic Acid acts slowly 
upon Tin; and both the protacetate and dcutacetaie 
seem to have been formed ; the first capable of crystal- 
lization ; the second only capable of gelatinize! ion. 

Benzoic Acid does not dissolve Tin or its oxides, but 
by adding benzoate ol potash to a solution of Tin a 
benzoate of Tin is precipitated. It is soluble in hot 
water, but insoluble m alcohol. 

Succinate of Tin is a crystalline Salt in tables, pro- 
duced by dissolving the oxide iii the Acid and slow 
evaporation. 

By the aid of heat, oxalic Acid first blackens Tin, 
and then iucrusts its surface wjth a white oxide, of 
which a portion is taken tip. Prismatic crystals^ may 
be obtained by slow evaporation. 

Tartrate of Tin is formed by dissolving the metallic 
oxide in tartaric Acid. By boiling oxide of Tin in 
a solution of tartrate of potash, a very soluble, but 
crystalhzahle, double Salt is formed, from which the 
alkalis and their carbonates produce no precipitate, (w.) 

Deutoxide of Tin appears also to dissolve in nitrate 
of ammonia, producing a double Salt in solution. 

(670.) L. The effects of reagents upon ^solutions of 
Tin are us follows. Gallic Acid and infusion of galls, 
no precipitate. Prussiate of potash, a white, one. Hy- 
droHuIphuret of potash, a dark brown one in Salts of the 
protoxide, and a deep yellow precipitate in those of the 
deutoxide. Corrosive sublimate produces in the former 
Salts black, in the latter white precipitates, Lead pre- 
cipitates Tin from* some of its Salts in the metallic ' + 

state. With the protosalts a solution of gold produces 
a purple*precipitate. 

£67 L.)» M. Tin is of importance In the Arts for the 
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ClicmMfcty, formation of several alloys. The bronze of the Ancients, 
'*****-' ^Very beautiful compound, sufficiently hard for the for- 
mation of swords and spear-heads, consisted of 88 parts 
of copper and 12 of Tin. Gun-metal is of about the 
same composition. («.) (o.) In bell-metal the Tin is 
from one-fifth to one-third of the weight of the copper. 
The Chinese gong is formed of 80 of copper and 20 of 
Tin. ( p .) For the specula of telescopes, Mudge re- 
commends 1 part of Tin to 2 of copper; but Mr. Ed- 
wards’s experiments are in favour of a more complex 
material, consisting of 32 of copper, 15 or 1G of Tin, 
wvith brass, arsenic,, and silver, each 1 part. ( q .) The 
surface of popper-vessels for culinary purposes is often 
covered with a film of Tin, to, prevent the poisonous 
* effects produced by solution of the former Metal. The 
process is extremely simple: the copper being first 
polished, and then covered with a coating of sal ammo- 
niac or pitch, to prevent oxidation, and the vessel being 
heated, the Tin is applied ho/, and readily adheres to 
the surface of the copper. On similar principles the 
manufacture of Tin-plate is effected ; thin sheets of 
polished iron are dipped into a vat of melted Tin, having 
a coat of tallow floating upon its surface. The Tin 
unites with the surfaces of the iron forming with it an 
alloy to a slight depth. Rcwler is # of very variable com- 
position, but most is formed from Tin and lead ; the 
best, however, contains only Tin with a little antimony. 
This compound may safely be used even for vinegar ; 
for unless the lead Ik* in improper excess, none of it is 
taken up by the Acid ; but if any solution takes place, it 
is otdy of a small quantity of Tin. Nitric Acid, on the 
contrary, takes up more of the lead than of Tin. Plumbers* 
solder contains equal parts of Till and lead. In silvering 
mirrors, Tin-lbil is spread on flat stones, and then covered 
with quicksilver ; the glass is then so applied as to re- 
move as much as possible of the mercury, and the re- 
maining amalgam adheres to the surface of the glass. 
The oxides of Tin are the principal basis of white 
enamel ; and somfc of its Salts are of great use as mor- 
dants in dyeing, (r.) ' 
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? Sect, IV.— Zinc. 

(872.) A, Metallic Zinc was unknown to the An- 
cients, though they were well acquainted with its ore, 
and used it largely in the formation of brass Owing 
to its volatile nature and strong affinity for oxygen they 
t never obtained it in the reduced form, though its oxide 
formed some > of their medicinal preparations. Pliny 
says, Plttra autem genera sunt , namqne ipse lapis vs 
quo Jit cadmia vecatur. (o.) Heuckel first mentions 
its reduction In 1721. Zinc has never been ‘found in 
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the metallic state, but exists abundantly as a sulphuret Part if. 
and carbonate: sometimes also combined with oxygen 
and silica. • 

(G73.) B. The reduction of Zinc is performed on 
a large scale in Britain, principally* from the sul- 
phuret ; the ore is roasted, and then reduced to powder, 
mixed with , charcoal, and violently heated in earthen 
melting-pots. It either passes in fusion through fin 
iron tube from the bottom of these crucibles, oris vola- 
tilized ; and in both cases, the tube terminating in a 
vessel of water, the Metal is condensed, and subsequently 
fused into convenient masses for market, (h.) * 

To obtuin pure Zinc fur Chemical purposes, let the 
Metal be dissolved in sulphuric Acid to saturation, 
leaving a plate of the Metal a short time in the solution, 
by which all impurity of foreign Metals will be precipi- 
tated. Decompose the filtered solution by an alkaline 
carbonate, and reduce the powder produced ; by mixing 
it with half its weight of charcoal, and submitting it to 
a strong heat in a retort, the pure Zinc will condense in 
the beak of the vessel, which is to be kept cool. 

(674.) 0. Zinc is of a bluish-w hite colour, of a lami- 
nated structure, and fine granular fracture, Specific 
Gravity 6.8 to 7.1, more malleable than antimony, but 
le*»s so than copper or lead ; rather ductile, but at 
ordinary temperatures not very elastic. At a tempera- 
ture from 212° to 310° it becomes very malleable, and 
may be formed into thin sheets by passing it between * 
steel rollers ; at 400° it becomes again quite brittle, 
and may bo pulverized, and at about 1 80° Fahrenheit it * 
fuses (Black.) By higher temperatures it is capable 
of distillation in close \rssels 

^675 ) D. Though the surface of Zinc heroines 
tarnished, it can scarcely he said to undergo oxidation 
by exposure to the air. At ordinary temperatures it 
very slowly decomposes water ; but it water) vapour be 
passed over Zinc made red hot, a most rapid decompo- 
sition is effected, the Metal becomes oxidated, and 
hydrogen is evolved. It’ Zinc be fused in an open 
vessel, it forms a greyish oxide. But if an earthen 
crucible he heated led hot, and small piece* of Zinc be 
projected into it, a most intense white light marks rapid 
combustion, and an abundance of white flukes ./ire 
carried up by the current of heated air. This delicate 
white powder, the mini album , tana pfulosophica of the 
Alchemists, Flowers of Zinc of the early medical writers, 
is the pure white oxide of this Metal. 'Phis substance 
is not volatile, and very difficult of fusion ; insoluble in 
water, it absorbs carbonic Acid f rom the at nn. sphere, is 
not decomposed by heat, but reducible by the Voltaic 
pile; and by beat, if in contact with charcoal, the Jjjletn, I 
distils over in closed vessels. It is the only oxide which 
Chemists have been able to procure from the Metal. 

« (676.) E. Zinc readily takes fire in chlorine Gas, and 

a chloride of Zinc is formed. By evuporuting a solu- ' 
tion of hydrochlorate of Zinc to dryness,' and subse- 
quent exposure to a red heat in a glass tube with a 
minute orifice, the same substance is produced. In this 
state, according to Dr, John Davy, (r.) it is not capable 
of being sublimed by a low fed heat. 

(677.) F. Zinc is soluble in fluoric Acid, and it 
seems vVry pcphahte that by exposure to heat the Salt 
so formed would be converted into a fluoride of Zinc. 

(678.) G. If iodine and Zinc he fused together, 
iodide of Zinc is* formed. It is a volatile compound, 
which on condensation crystallizes in small qnadnmgu-* 
lar prisms, which deliquesce by exposure to uir f audar« 
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Chemistry soluble in water. In slate it becomes, in fact, a 
solution of hydriodate of Zinc. 

*(679.) H. Zinc unites with phosphorus, forming a 
metallic -looking compound. The sulphnret of this 
Metal can no* he directly formed by melting the two sub- 
stances together, but if, instead of metallic Zinc, its 
oxide is fused with sulphur, a t ue Ridphtvet is termed. 
/The same substance is precipitated by dropping an 
alkaline hydrosulphuret into n solution of Zinc. Ac- 
cording to Mr. E. Davy, if the vapour of sulphur is 
t* passed over Zinc in fusion, a yellowish compound, simi- 
lar to blende, is produced. The properties of Zinc and 
, sclenion are precisely similar to those just described. 
Direct union is impossible, hut when volatilized sclenion 
comes in contact with fused Zinc red-hot, an instanta- 
neous combination takes places with such violence, as 
to produce a sort of detonation. ( d .) Zinc has not been 
united to boron or silicon, and it is stated not to com- 
’ bine* with hydrogen or azote. It mibt, however, be re- 

membered that most Chemists are of opinion, that in the 
common process of obtaining hydrogen by the action of 
i sulphuric Acid and Zinc upon water, some portion of 
the Metal is carried up along with the Gas, 

((iSO.) I Zinc has been alloyed with potassium, 
sodium, (e.) iron, antimony, copper, gold, silver, liv'd, 
tin, and mercury. It is said that it refuses to unite with 
nickel and cobalt. 

(G81.) K. Nitric Acid readily dissolves Zinc or its 
oxide; and in operating upon the Metal it is advisable 
* to moderate the action, by using the Acid in a dilute 
state. By evaporation, this nitrate is said to crystallize 
in ** flat, striated, tetrahedral prisms, terminated by four- 
sided pyramids.'’ These crystals are soluble in water 
and alcohol. They are entirely decomposed by a suffi- 
cient heat. 

Concentrated sulphuric Acid has little action upon 
Zinc without heat, but if diluted, dissolves it with 
rapidity By evaporation, the sulphate <>t Zinc crystal- 
lizes in four sided, rectangular prisms, terminated by 
tetrahedral pyramids. In this state it is the white 
vitriul of Commerce. By « strong and continued heat, 
it is entirely decomposed, leaving oxid. j of Zinc in great 

purity. 

Sulphurous Acid dissolves oxide of Zinc, forming a 
cryi talli/able sulphite which is not soluble in alcohol. 

On metallic Zinc, sulphurous Acid exerts a consider- 
able violence of* at lion, and hydrosulphuric Acid Gas is 
given out, the water undergoes an entire, and the Acid 
a partial, deeomposilmn ; ox \ gen goes to the Zinc, and 
part of the "sulphur escapes in combination with the 
hyck^igvn ; thus the Acid becomes the hyposiilplmnms, 
and being neutralized by the oxide, hyposulphite of Zinc 
remains. By spontaneous evaporation, slender, four- 
aided crystals, with pyramidal summits, are produced. 
u These are soluble in water and alcohol. (Fmireroy.) 

The carbonate of Zinc occurs native, and is known 
by the name calamine ; it exists both* as an hydrous 
and as an anhydrous Salt. A solution of carbonic Acid 
dissolves both Zinc and its oxide, but the carbonate is 
, more readily formed by adding an alkaline carbonate to 

a solution of Zinc. The Salt precipitates in the form 
of a white powder ; but is again dissolved by ‘excess of 
the precipitating Acid. 

Borate of soda in solution, added to sulphate of Zinc 
in the same state, throws down a white powder, con- 
sisting of borate of Zinc, which heat fuses, 'but. does not 
decompose. 


Phosphoric Acid dissolves Zinc, but ceases to act Part II. 
when the Salt has arrived auhe state of a hi phosphate, 
which may be evaporated just to dryness without crys<|t 
lization or decomposition. If, however, such a saturated 
solution be boiled upon carbonate of Zinc, a true inso- 
luble phosphate of Zinc is formed. 

Berzelius has described the seletiiate and biseleniate 
of Zinc; (/.) the former is insoluble, the latter soluble 
in water. 

The arseninte, antimoniate, tungstate, molybdate, and 
chromate of Zinc, are formed by adding their alkaline 
Salts to a solution of sulphate of Zinc; in all cases /i 
white, insoluble powder is precipitated, the chromate ex- 
cepted, which is of an orange-red colour.* 

Acetic Acid dissolves Zinc; and by evaporation a 
crystalline acetate is obtained, readily soluble in water 

The benzoic, succinic, malic, and lactic Acids, dissolve 
Zinc, and form crystallizable Salts, which are again 
soluble in water. , 

The oxalic, citric, and tartaric Acids also attack Zinc, 
but the Salts which are thus formed, immediately sepa- 
rate from being insoluble in water. 

A double tartrate of potash and Zinc may be formed 
by boiling tartaric Acid and Zinc filings in water, (g.) 

A double sulphate of Zinc and iron is formed by mixing 
a solution of sulphate of iron with that of sulphate of 
Zinc ; the Salt is soluble, and may be obtained in crys- 
tals by evaporation. Sulphate of Zinc and cobalt muy 
be formed by digesting zatlre in a solution of sulphate 
of Zinc. It crystallizes in large, four-sided prisms. (A.) 

A mineral substance, known by (he name of electric 
calamine, consists of silica and oxide of Zinc ; and 
here the former substance is considered to perforin the 
part of an Ar id ; it is therefore culled silicate of Zinc. 

The crystalline forms are numerous; a small hexagonal 
prism or an acute octahedron is the most common. 

Caustic ammonia N capable of dissolving the oxide of 
Zinc, and has even some action or the Metal ; after 
which a mass of plumose crystals may be obtained by 
evaporation. From such a solution copper precipitates 
Zinc ; but Zinc precipitates < opper from an Acid. May 
not this tend to prove that thi oxide of Zinc here acts 
the part of an Acid ? 

(682.) L. Many of die instances in which saline 
solutions form reagents (pr the .separation of Zinc, may 
be collected from the preceding section. Its Salts, when 
in solution, arc always colomdess. Alkalis produce 
a white precipitate ^soluble in sulphuric or hydrochloric 
Acid. IVussiate of potash, hydriodate of potash, hy- 
drosidphute of potash, and bydrosuljMiurie Acid Cias, 
produce white precipitates, Gallic Acid and infusion 
of galls give no precipitate. Zinc is not thro\yu 
down in the metallic state from its solution by any other 
Metal. 

(683 ) M. The sulphate of Zinc is used as an emetic, 
and the acetate has recently bten recommended by, Dr, 

Henry as an external application to rem#Ve inflamma- 
tion. It has long formed u constituent of some empiric 
eye- waters. 

Zinc is principally obtained on the large scale for the 
formation of brass. This useful and beautiful alloy 
commonly consists of about 62 to 66 of copper, with 
from 32 to 35 bf Zinc ; (Chaudet ;) the more valuable # 

kind, known'by the name of Dutch brass, was found by * 

Thomson to contain 70 of copper and 30 of Zing, but 
he cOnMders that much of its superiority consists in the 
greater "purity of the Metals, which in common brass 
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Chcmutry. arc contaminated with lead, (i.) When the copper is 

greater proportion, other Metals are formed, known 
ijfCnmmerce by the names of pinchbeck, Prince’s metal, 
&c* A considerable quantity of Zinc is employed for 
the plates of galvanic batteries. Its white oxide forms 
a pure and delicate white paint. Recently it has been 
much employed for making the shoots carried round the 
eaves of houses to collect rain-water. 

References to § 4. 

(a.) Hist. Nat ch. xxxiv. sec. 10. (A.) Watson, 

Bsnayt, vol. iv. ( a.)* Phil . Tram. 1812. (d.) Berze- 

0 tins, An. dr Ch. et Ph. vol. x. (e.) Gay Lussac and 

# Thenard, Rcchrrchrs. (/.) An: dr Ch. et Ph. vol. ix. 
(g.) Thenard, An. dc Ch. vol. xxxviii. (A.) Link, Crell's 
Annals , 1706. ( i .) An. Phil. vol. xii. 

Sect . V. — Crtdmivm. 

(684.) A. In the year 1817, Professor Stromeyer of 
Gottingen discovered the oxide of a peculiar Metal as an 
impurity in oxide of zinc, sold for medicinal purposes; 
while at the same time a peculiarity in a preparation of 
zinc, from the manufactory of M. Ylcrmanu in Silesia, 
led to the observation of the same metallic oxide. The 
oxide of zinc had been condemned on the supposition 
that it contained arsenic, because it produced an orange 
precipitate with hvdroKulphnrir Acid Gas. On more 
accurate investigation, this suspicion was found to be 
without foundation ; and some of the orange precipitate 
having been transmitted to Stromeyer, be recognised in 
it the same metallic* oxide, to the Metal from which he 
gave the name of Cadmium, (a.) This Metal has since 
been found in some of the English ores of zinc by Pro- 
fessor ClarUe of Cambridge : (h.) but its most abun- 
dant ore is the brown fibrous blende of Bohemia. Mr. 
Iferapath has poi.ited out an abundance of the oxide 
also in the sublimate from zinc furnaces, (c.) 

(685.) B. Stromejer’s process for obtaining the 
Metal is as follows. A solution of the ore or oxide is 
made in sulphuric Acid, by passing a current of hydro- 
sulphuric Acid Gas through the Liquid; the Cadmium, 
.zinc, and copper, if present, are precipitated. Redissolve 

* in concentrated hydrochloric, Acid, and evaporate to 
dryness, to get rid of the excess of Acid. Dissolve in 
water, and add excer,« ot carbonate of ammonia, by 
which the zinc and copper are dissolved, but the carbon- 
ate »f Cadmium remains in the state of a fine white 

• powder. At a red heat the Acid is driven off, and 
oxide of Cadmium remains. This oxide may be re- 
duced to the metallic state by mixing it with lamp-black, 
and exposure to a low red heat in o glass tube or small 
retort. 

The following elegant process for obtaining Cad- 
mium is from Dr. Wollaston. From the solution of the 
ore, precipitate all oUier metallic impurities by a plate 
of iron ; filter, and immerse a plate of zinc in the clear 
solution : if Cadmium be piesent, it will be precipitated 
in the metallic state, and may be retfissolved in hydro- 
chloric Acid, for the exhibition of appropriate tests. 

(686.) C. Cadmium is of a bluish-white colour, and, 

# much like tin, susceptible of a fine polirfh.^ Its texture 
is compact, and Specific Gravity 8.604—8,694. It 
fuses, arid is volatilized below a red neat ; in fact, at a 
beat rather above that of boiling mercury. It crystal- 

* lizes in octohedralfl, la flexible, and gives, on bending, the 


same sound as tin does, It is ductile and malleable* 'fm U. 
yielding readily to the knife; but exceed tin iri hard- *«*v** ta,/ 
ness and tenacity. 

(687.) D. When Cadmium is heated with access «f 
air, it burns, and the smoke condenses in the form of a 
brown powder, its only kuown oxide. In this slate it is 
readily solubje in nitric Acid, and feebly so in dilute 
hydrochloric, sulphuric, and acetic Acids. Oxide of 
Cadmium is soluble in ammonia, but not in tbtf fixedf 
alkalis. 

(688.) E. If oxide of Cadmium be dissolved in s 
hydrochloric Acid, small rectangular crystals of hydro * 
chlorate of Cadmium are obtained by evaporation. By 
beat these are converted into chloride of Cadmium, and 
are even capable of volatilization unaltered. 

(689 ) F. Unknown 

(690.) G Iodine and Cadmium, if heated together, 
readily unite. Or if water be boiled upon the two sub- 
stances in coni act, a solution is obtained, which by • t 

evaporation may be crystallized in the form of hexa- 
gonal plates. These crystals are decomposed* by heat, 
and are soluble in water and alcohol. 

(691.) H. The combinations which ought to fall 
under this head are at present little investigated. Cad- 
mium and sulphur do not unite readily by fusion, but 
the? sulphuret is easily formed by passing a current of 
bydrosulphuric Acid Gas through a solution of a Salt 
of Cadmium. The jellow sulphuret thus produced, 
forms, according to Stromeyer, an excellent paint. By 
the action of nitric Acid, the sulphuret is converted > 
into a neutral sulphate. The phosplmret of Cadmium 
is a grey, metallic looking, brittle substance, easily 
fusible; placed on burning coals it ignites, and is con- 
verted into the phosphate. 

(69‘2.) I. As yet Cadmium has been allbyed only 
with copper, mercury* cobalt, platinum, und zinc. 

(693.) K. The Salts of Cadmium are ai present 
little know'll. The nitrate, sulphate, and acetate are 
soluble in water. The caibonatc, phosphate, and oxa- 
late are insoluble in water. The borate, tartrate, and 
citrate are very slightly soluble. 

(694.) L. ly solutions of Cadmium the fixed alkalis 
produce permanent precipitates, but ammonia pro- 
duces a precipitate which excess of the alkali again 
dissolves. 44 The alkaline carbonates throw down Cad- 
mium in the state of a white carbonate. This carbon- 
ate does not form an hydrate, as is the case with 
carbonate of zinc. Neither is it redissolved by adding 
excess of carbonate of ammonia, as is the case w r ith car- 
bonate of zinc, unless there previously existed a notable 
excess of Acid in the solution. H ^ 

4 * Phosphate of soda throws down Cadmium in the 
state of a white powder, zinc in the state of crystalline 
reales.” Thomson. 

Hydrosulphuric Acid Gas and the hjdrosulphurels. 
produce a yellow precipitate, easily soluble in hydro- 
chloric Acid, and unaltered by a low red heat ; in which 
two points it differs from orpiment. 

Prussiate of poiassa precipitates solution of Cad- 
mium white. ' # 

Infusion of galls gives no precipitate. 

Cadmium is, precipitated by zinc in the metallic state. 

(695.) M. None at present. 

* References to *5 5. 

(a.) Stromeyer, An. Phil. vol. xiii. ; Gilbert, Am 
nak/iy vol. lx. ; An, Phil. vol. xiv. p. 269. (A.) Clarke, 
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Chemirtry. An* PkiL vol. xv. p. 272. (c.) Hera path. An . Phil. 

N. S. tol. iii. p. 435. 

‘ METALS. CLASS IV 

^ Sect. I. — Arsenic . 

(696.) A. “ The word Arsenic (a/art bukov) occurs 
first in, the Works of Dioscoridcs, and some authors who 
, wrote about the beginning of the Christian era. It 

denotes in their Works the same substance which Ari- 
f stotle had called truvhupd^ij ; and his disciple Theo- 
phrastus u(>(nviKov % which is a reddish-coloured mineral, 
• composed of Arsenic and sulphur, used by the Ancients 
in painting, and as a medicine. ( a ) 

“ The white oxide of Arsenic, or what is known in 
Commerce by the name of Arsenic, is mentioned by 
Avicenna, in the Xlth century ; but at what period the 
^ Met(d called Arsenic was first extracted from that 

oxide is unknown. Paracelsus seems to have known 
it; and* a process for obtaining it is described by 
Schroeder in his Pharmacopoeia, published in 1649. 
c But it was only in the year 1733, Unit this Metal was 
examined with Chemical precision. This examination, 
, which was performed by Mr. Brandt, (/>.) demonstrated 
its peculiar nature ; and since that time it 1ms been 
always considered as a distinct Metal, to which the term 
Arsenic has been appropriated. Its properties were 
still further investigated bv Macqiier, in 1746, (c.) by 
M oiinet, in 1773, (d.) by Bergman, in 1777. (e.) To 
the labours of these Philosophers, and those of Mr. 
Scheele, (jf.) we are indebted for almost every thing 
known about the properties of this Metal. Its enmhin i- 
tions with oxygen have been carefully examined by 
Proust, (g.) Bucholz, (A.) Berzelius, (/.) and some 
other Chemists.’ ' (k.) Thomson. ( l .) 

Arsenic exists native, in the state of an oxide; and 
as a constituent purt of many metalliferous ores. 

(697.) B. To obtain metallic* Arsenic, let the white 
« oxide of Commerce he mixed with half its weight of 

black flux; (made by deflagrating two parts of crystals 
of tartar with one part of nitre in a crucible ) Put the 
mixture into a crucible ; invert over this another 
crucible, and let the two be luted together with sand 
and clay. Expose the lower crucible to a red heat, 
and let the upper one be kept as cool ns possible. 
Brilliant metallic Arsenic will be found sublimed into 
the upper crucible. A wide earthen tube-iatort, divided 
into two parts, would be more convenient. 

(G9S.) C. .Arsenic is so brittle and soft, that it may 
easily be pulverized. It. is readily fusible, and rises in 
vap?k»r at about 356° Fahrenheit. When thrown on a 
red-hot iron, it burns with a blue flame and a white 
smoke, having a strong alliaceous odour. This odour 
• is not present when only the oxides of Arsenic are vola- 
tilized. 

(699.) D. II Arsenic he moderately hinted with free 
access of atmospheric air, sublimation takes place, and 
a while powder is condensed, which is Arsenious Acid. 
See suhnect 1. 

Besides this oxide another exists having also acid 
properties. This was discovered by Scbeeie and the 
process recommended by Bucholz for obtaining it is as 
follows Mix two parts of hydrochloric Acid, Specific 
Gravity 12; eight parts of Arseuious • Acid ; and 
twenty-four parts of nitric Acid. (Specific Gravity 1.25.) 
Evaporate the mixture to dryness, giving at last a low 


red heat. ( m .) The same Acid Is still more readily F«*t IL 
obtained by dissolving Arsenic in nitric Acid, andevapo- 
rating to dryness. See subsect 2. * 

As far as ut present known, the following is the com- 
position of these two oxides : 

Arsenic, Oxygen. 

Arsenious Acid one atom -f- two atoms. 

Arsenic Acid ... # * . . one gjtom -J- three atoms. 

In this and all such cases it is surely more easy to 
speak of the deutoxide and triloxide of Arsenic, and to 
remember that the protoxide has net yet been exhibited', 
than it is to speak of the protoxide, and to remember t 

that it contains an atom more oxygen limn protoxides 
in general ; and of the deutoxide, having also to re- 
member that it is similarly circumstanced. 

(700.) E. Arsenic undergoes combustion in chlorine 
(ias, and a true chloride of Arsenic is formed. It is 
most fully desciibed by l>r. Davy. («.) 

(701.) F. Unknown. 

(702 ) G. Iodine and Arsenic unite to form a deep 
red iodide, which is capable of decomposing water and 
affords Arsenic and hyclriodic Acids. 

(703.) II. Arseniy unites with hydrogen to form a 
gaseous substance ; (o.) but there is considerable 
danger in making experiments upon it, ns the mere 
inhaling a small quantity killed M. Gehlen. (j>.) 

Arsenic unites with sulphur in two proportions, and 
both compounds are found native : these are rculger 
and orpimeut. ((/.) It combines also with phosphorus 
and seleuion. 

(704.) I. This Metal combines to form alloys with 
all the other Metals; and has even in very small quantity 
the property of rendering them quite brittle. 

(70b.) K. The oxides of Arsenic seem to possess 
little power of performing the parts of a base in the for- 
mation of Salt*. The sulphate, borate, phosphate, 
nitrate, and hydrochlorate of Arsenic, have been de- 
scribed. In these Salts, the Acid und base are held by 
very feeble affinities. 

But the oxides of Arsenic are capable of more im- 
portant effects in performing the part of Acids with 
certain bases ; and hence has bet n called Arsenious aud 
Arsenic Acids. 

(706 ) L. In Medical 'Jurisprudence, a decisive test 
of Arsenic is a matter of great importance ; as upon it 
the life of an accused person must frequently depend. 

Several tests have been proposed for this purpose, but, 
as it would seem, all are more or less, uncertain. * For 
an able investigation of this point we are indebted to Dr. 
Chiistison; and from his Memoirs we" give the follow- 
ing summary of what lie considers a fuultless process Mr 
the purpose. Let the mass of fluids suspected of con- 
taining Arsenic, suppose for instance the ’contents of 
the stomach of a deceased person, be well agitated and 
boiled with water, and thrown on a fillet Be cartful 
to acidulate the clear Liquid with hydrochloric or acetic 
Acid. Through this Liquid prfssa current of hydrosul- 
phuric Acid Gas, (sulphuretted hydrogen.) Suppose a 
yellow precipitate to be formed. It may be the sul- 
pin nets of Arsenic, cadmium, tin, antimony, or ftelenion. 

But the su Iph rye t of Arsenic will easily be recognised 
by the following 'properties. Let n portion of it be 
dried ; mixed with a little blade flux, (697.) placed in a 
dry glass-tube, and raised to a red heat in (he flame of 
a spirit-lamp. The Arsenic is reduced, rises in vapour, 
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Ch«fni«t]>. *.nd is condensed in the form of a bright irou-grey crust 
w lining the cooler part of the tube. The inner surface 
presents also a crystalline appearance. By vaporizing 
a little of this Metal, the alliaceous odour of garlic is 
instantly perceptible. This evidence is quite conclusive, 
But it is easy Also to reconvert the Metal into Arsenious 
Acid. For this purpose hold the part of the tube to 
which the Arsenic adheres about three-fourths of an inch 
above the flame of a ve^y smull spirit-lamp, so that the 
Metal may rise in vapour very gradually. In so doing 
it combines with oxygen, and is deposited in well- 
qharacterized crystals of Arsenious Acid, on the cooler 
parts of the tube. It is essential that the tube be quite 
dry. The volatility, form, transparency, and adaman- 
• tine lust; are so characteristic, (hat l>r. Christison con- 
siders that one-hundretli of a grain is sufficient to satisfy 
an experienced eye. This gentleman states that he has 
been able by these processes to separate and exhibit in 
two instances so small it quantity as the twentieth of a 
grain from the stomachs ol # people who had been 
poisoned with Arsenic, (r.) 

(7U7.) M. Arsenic, in the form of its yellow sub 
phuret, forms a pigment, being the colouring principle 
of King's yellow. The sulphurets of Arsenic arc 
poisonous, but not to such an extent as the Metal or 
its oxides. Preparations of Arsenic have been employed 
in Medicine, und form the active ingredient in Fowler’s 
Ague-drops. 


Subvert. 1 . — Arsenious Acid. 

(70S.) Having previously stated the formation and 
constitution of Arsenious Acid, (699.) we may here 
note u tew of its principal properties, though in so doing 
we must he brief as possible. According to Klap- 
roth and Buchoiz, cold water dissolves only .25 per 
cent, of its own weight of white Arsenic ; whilst boiling 
wuter takes up 7.775 per cent. Apart was again de- 
posited on cooling, biU 4.775 per cent, remained in 
solution. This oxidq is soluble also in alcohol and 
oils. Arsenious Acid is capable of neutralizing the 
alkaline bases: and thus forms a class of JSultH called 
Araenites, it unites in a similar manner with several 
metallic oxides. * 

ft 

S u bscct . 2 . — Arsen ir A ci d. 

(709.) The TormntTou of this ,\f\d hns been noticed 
in Alb <>99. It reddens vegetable blues; attracts 
moishire from the atmosphere; effervesces strongly 
with solutions of alkaline carbonates. By evaporation 
!t gelatinizes, bftt does not crystallize. It unites also 
&iih bases, forming u class of Salts culled Arseniutes. 

• , * 
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(710.) A. This, which is now the name of a peculiar 
Metal, was used by Pliny (lib. xxv. ch, xiii.) for plum- 
bago, genus herb fyc. §c. quod plumbum , id est oculo * 
rum vilium , commanducata loll it ; also, in lib. xxxiv, 
ch. xviii, it is explained as vena communis plumbi et 
argent i. 

In 1778, Scheele analyzed this substance and obtained 
sulphur, and a white powder possessed of Acid proper- 
ties, to which he gave the name of * k Acid of Molyb- 
denum Hjelrn, in 1782, succeeded in reducing it t& the 
metallic state ; his process depended upon subjecting 
the oxide to intense heat after it had been mixed up with 
linseed* oil, but according to Buchoiz, the addition of 
carbonaceous matter is unnecessary. 

(711.) B. This Metal has hitherto resisted all efforts 
to*roduce it to a metallic button, as the most successful 
experimentalists have but produced u porous mass of 
adhering particles. 

(712.) C. Its colour is silvery-white, and the highest 
Specific Gravity to which Buchoiz could bring it was 
8.61. It appears as if under all states it would prove 
brittle. 

(713.) D. If Molybdenum be heated in an open 
ve el, it undergoes oxidation, producing Small, bright, 
needle-formed crystals, and, according to Buchoiz, it is 
capable of forming three oxides. Mr. Hatchett is dis- 
posed to admit four. 

The protoxide is said to he formed hy dissolving 
Molyhdie Acid iu ammonia, and evaporating the clear 
solution to dryness ; the residuum is exposed to a white 
heat w'ith charcoal in a crucible. A brow'll oxide is 
formed at the bottom of the crucible, having a crystal- 
line appearance, but incapable of forming Salts with 
Acids. • 

The dentoxido, or Moh/bdous Acid, (subsect. 1.) is to 
be formed, by mixing one part of Molybdenum with two 
parts of Molyhdie Acid in a state of powder ; the mass is 
to be mixed with hot water, and triturated till it becomes 
blue: eight or ten parts of water ar£ added, and boiled 
foi a few minutes. The solution is then filtered and 
evaporated at a temperature of 120°. Tfie blue oxide 
remains in the state of a fine powder, soluble in fitter, 
which is strongly acid, converting vegetable blues to 
red, and saturating bases so as to form Salts. 

• The white oxide, or Molyhdie Acid, is prepared from 
Molyhdena, (the native sulphuret of the IV^etal,) by lh^ 
following process of Buchoiz. Expose the mineral, 
finely pulverized, to heat, in an open crucible, stirring it 
with an iron rod till the whole is of an ash-grey eploitr. 
The sulphur is driven off, apd by a moderate but con- 
tinued heat the Molybdenum is oxidated. Jt is then 
pulverized, gnd digested in u. solution of ammonia in 
water, l>y which’ the Molyhdie Add is taken up. After 
this solution has remained in a olo»<c vessel to deposit 
its sediment, it is decanted ofSJ and, by dropping in 
nitric Acid, the Molyhdie Acid is precipitated in a fine 
white powder. See subsect. 2. ? 
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Cb«rrtWiry. (714.) E. F. G, The first of these combinations 
has been formed, and it is not improbable that the 
others may he so hereafter. 

* (715.) H. Molybdenum unites with phosphorus and 
sulphur. 

'(716,) I. It may be combined also with all the 
Metals, those only excepted the volatility of which does 
not allow of their being- exposed to a sufficient degree of 
heat. 

(717.) K. Both the Molybdous and Molybdic Acids 
, are capable of neutralizing bases and forming Salts ; 
but Salts, in which an oxide of Molybdenum serves as a 
base, have not been recognised: in fact, ns these two 
higher oxides are precipitated by Acids, no such com- 
bination with them is to be expected. 

(718.) L. An excellent Synoptic Table of the effect of 
reagents on solutions of Molybdenum is given by Pro- 
fessor Thomson, (a ) which we regret we have not 
i sp ilex', to insert. Perhaps the most marked test is that 

a drop of muriatic Acid, and a piece of metallic tin, 
being placed in such a solution, produce a blue colour, 
and a blue, pulverulent precipitate. 

( (7 19.) M. None. 

* Subsect, 1 — Molybdam Arid. 

(720.) For this, not very important, compound vve 
must refer to Burholz’s Memoir. (A.) 

Subsect. 2. — Molybdic Arid. 

(721.) Tn a close vessel it fuses and crystallizes, but 
in an open one it is sublimed, and when again con- 
densed has the form ol glittering*, yellow scales. It is 
soluble in 960 parts of boiling water, and the solution 
reddens titnms. The mineral Acids reproduce the 
white precipitate. By heat, the Molybdic Acid is soluble 
in sulphuric Acid, giving a colourless solution, which, 
however, becomes blue when cold; and this colour is 
increased by saturating the Acid with soda. It is also 
soluble in muriatic Acid, but not in the nitric. If to a 
muriatic solution metallic tin be added, a blue colour is 
produced by altering the degree of oxidation. With 
tit'; nitrates of silver, mercury, and lead, white precipi- 
, tates are formed ; with nitrate of copper agree nish one. 

With neutral solutions of sulphate of zinc, muriate of 
bismuth, miniate of antimony, nitrate of nickel, and 
the miniates of gold and platinum, it gives white preci- 
pitates according to Vauquelin. If paper lie dipped in 
this Acid, and exposed »o the light of the Sun, it assumes 
a beautiful blue colour. 

References to § 2. 

(a.) Thomson’s First Principles, vol. ii. p. 58. 

. (A.) Bucholz, Gulden s Journal , vol. iv. ; consult also 
iScbcele, E'says, vol. i. ; Bergman, Opine, vol. iii. 
p. 128; Pelletier, Jour.de Pf^ 1785 v. Hjelm, ( VoIPs 
Annuls, 1787 ; Hatchett, Phil . Trans. 1795; Hjelm, 
Geblen’s Jour. vol. iv. ; Berzelius, An. Pful. vol. iii.; 
Pelletier, An. de. Ch. vol. xiii. ; Vauquelin, Phil . Mag. 

, vol. i. 

Sad. Ill, — Chromiicm . 

(722.) A. This Mental derived its name from the 
varied and beautiful colour of its Sal U. (x colour.) 

The Sibermn ore, in which it is combined with lead, 
was first described by Lehman, in 1766; and, utter 


several inaccurate examinations, Vauquelin and Klap- 
roth, about the same time,’ pronounced it to be u new 
Metal. Its principal ores are the beautiful Siberian red 
chromate of lead, from Beresof, and a dark, opalce 
chromate of iron. It is also considered as the colour- 
ing principle of both the ruby and the emerald. 

(723.) B. The Metal is obtained by submitting the 
oxide, mixed with charcoal, to an intense heat. Accord- 
ing to Richter, the charcoal from sugar answers best. 

(724.) C. C hromium is white, very brittle*, capable 
of a high polish, and, according to Richter, slightly 
magnetic. Specific- Gravity 5.9. Fusible only at very 
high temperatures. 

(725.) I). Chromium is not altered ov exposure to 
the air, but if heated, it is gradually converted into a 
green oxide. At the three degrees of oxidution with 
which we are acquainted, it is green, brown, and yellow, 
or red ; in the last state it becomes an Acid. 

The green oxide may also be obtained by submitting 
Chromic Acid to heat, by which it is partly decomposed. 
When this oxide is precipitated from its soluliou in 
Acids, it is of a dee]) green colour, and contains water, 
which may be driven otf by heat. In its first state it is 
soluble in At ids, but if subjected to a beat rather below 
redness, it becomes r of a lighter green, and insoluble ; 
yet. without losing any of its weight. 

The brown oxide may be obtained by dissolving the 
green oxide in nitric Acid, then evaporate and heat the 
dry mass until it ceases to give out nitrous fumes. A 
brown powder remains, which is scarcely soluble in 
idka.is, and not ai all in Acids. II heated with hydro- 
chloric Acid, chlorine is evolve 1, and the green oxide is 
produced ; which proves that the brown powder was 
the Metal in a higher degree of oxidation. Chromium, 
in its third degree ot oxidation, forms Chromic Acid, 
which will he found in subsect. 1. 

(726.) E. if metallic Chromium be dissolved in 
nitro-muriatic Acid, a hydrocldorate of Chromium 
results ; and by desiccation this is concerted into a true 
chloride of Chromium. 

(727 . ) F G. It is pretty well established that both 
these elements form Gaseous combinations with Chro- 
mium. „ 

(72S.) II. In this department few experiments have 
been made; but Chrotiqpm is known to unite with 
sulphur and phosphorus. 

(729.) I. With some of the Metals Chromium lias 
been combined. Inn with some it seems unwilling to 
unite. 

(730 ) K. Chromium is not soluhlf* in the mineral 
Acids, the nitro-muriatic excepted. Iy these Acids the 
green oxide is soluble with difficulty. It is soluble 
also in the alkalis. 

*(731.) L. Solutions of Chromium produce a green 
precipitate with prussiate of Potash ; a brow n one with 
infusion of galls, and a green one with hydrosulphnrctc 
of potassa 

(732.) M. Perhaps the mo,st beautiful fixed pig- 
ments with which we are acquainted, arise from the 
oxides of this Metal. In miniature-painting, the chro- 
mate of lead is highly esteemed : the oxide gives a bright 
green to porcelain, and imparts the same hue to th<5 
glass or paste By ^hieli the erneral 1 is imitated. M. 
Lassuigne has shown that Chromium might he applied 
with advantage to*dyeing and calico-printing, (a,) A. 
red twlJcbromgte of lead, formed by Duloug, (6,) ho* 
been proposed by Mr. Badams as a die for cotton, (c.) 
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Ctomiitry. Subject. 1.-^ Chromic Acid. 

(738.) Chromic Acid is obtained by the decomposi- 
tion of either the chromate of lead or of iron. If the 
former* let it be reduced to a fine powder, and boiled in 
a fixed alkaline solution, which thus becomes an orange- 
coloured solution of the alkaline chromate. Add 
sulphuric Acid and evaporate. The crystals of Chromic 
Acid may then be separated from the alkaline sulphates. 
As the chromate of iron is more abundant of the two, it 
. is generally employed for obtaining the Acid, for which 
the following process is employed. Let the ore be reduced 
to a fine powder, aitd mingled with un equul weight of 
• nitre. The whole is to be submitted to a red heat for 

. half an hour in a crucible. A fellow frit is produced, 
from which all the soluble part is to be removed by long 
boiling in water. The clear Liquid containing the 
chromate of potash is neutralized by nitric Acid, and 
then by additiou of nitrate of mercury a red precipitate 
of chromate of mercury is pifriuccd. This precipitate 
is to be well washed, dried, and decomposed by beat in 
a retort: the mercury is driven ofb and the Chromic 
Acid remains pure. 

The Salts formed by Chromic Acid with alkaline, 
earthy, and metallic bases are highly interesting. All 
so formed from while oxides are yellow when neutial, 
or in the state ol subsalts, and are reddish yellow when 
acid. Chromate of lead is yellow ; of protoxide of 
mercury, red; of silver, purple. The chromates of the 
first and last four classes of* Metals are decomposed at 
high temperatures, leaving oxide of chromium and the 
base. By great beat, with aid of charcoal, a perfect 
reduction may be obtained. 

The chromates of potassa, soda, ammonia, glycyim, 
yttria, lime, magnesia, protoxide of nickel and of cobalt, 
are soluble. 

The insoluble chromates with their colours are barytes 
and stroutia, while or yellow; of silver, crimson; of 
mercury, red ; of* lead,' orange or yellow' ; of copper, 
apple green; of iron* brown; of uranium, zinc, and 
bismuth, yellow; of antimony, brown. 

With solutions of nickel, zinc, tin, cobalt, gold, or 
platinum, no precipitate is produced. 

. * References to § 3. 

0 

(a.) Lassuignc, An. dc Ch. et dcPh. vol. xiv. p. 299 ; 
vol. xv. p. 7b*; vol.*\vi. p. 400 # ( b .) An. de Ch. 

. vol. Ixxxii. p. ‘29*2. (r.) An. Phil. N. S. vol. ix. p. 303 ; 

consult also Vauqneliri, An. dr Ch. vol. xxv. p. 21, and 
p. 149, vol. xwi. ; Klaproth, Crell’s An. 1798 ; also An. 
de Ch. vol. xxxw. xxxiii. xxxiv. ; Mousmii Pouschkin, 
Orell s An. 1798; (imelin, Crell's An. 1799 ; Richter, 
Gehlen’s Jour. vol. v. ; (iodeu. An. de Ch. vol. liii. ; 
Vuuquelin, An. rfr Ch. vol, Ixx. ; Berzelius, An. Pfitl. 
vol. iii. ; John, Cheminch. Lahore A \ol. iv., or An. Phil. 

• vol? iv. ; Th op iso n, Phil \ Trans. IK27 ; Uuverdorben, 
Edit). Jour. Sci. No. 7. ; Grouvelle, An. de Ch. et de 
Ph. vol. xvib; Thomson, An. Phil. vol. xvi. 

Sect. IV. — Tungsten. 

(734.) A. Snheeliuin, or Wolframiunv the Swedish 
» • mineral Tungsten, (heavy stone*) foas analyzed by 

Scheele in 1781, who obtained lime and a white pulveru- 
lent substance, which he considered a peculiar Acid, 

• and which Bergman supposed to be a metallic oxide. . 


71 ? 

The D’ElhuyarU obtained it also from the mineral V*r li 
9Volfram y and succeeded in reducing It to the metallic ****/** 
state. * 

(735.) B. The best method for procuring the Metul 
is that of Allen and Aikin, subjecting tungstate of qm- 
monia to an intense heat. The oxide is reducible by 
charcoal. # 

(736.) C. The Metal, from its extreme infusibility, has 
only been seen in a mass consisting of small aggluti- 
nated graius of a greyish- white colour, and some bril- 
liancy. It is so hard as scarcely to be*affected by the ' 
file. Its Specific Gravity, according to Bueliolz, 1 7.4t 
It seems to assume a crystalline form on cooling, and 
not to be affected by the magnet. * 

(737.) D. Tungsten, if heated in an open vessel, will 
absorb oxygen, with which it may be made to combine 
in two proportions in forming brown and yellow oxides. 

Berzelius obtained the brown oxide, by passing a cur- 
rent of hydrogen over the yellow oxide in a glass'Utbe 
healed to redness. Water was formed, and a brown 
oxide remained, which when heated in the open air 
burns like tinder, and becomes Tungstic Acid. See 
subsect. 1. 

(738.) E. F. G. Unexamined. 

^739.) H. The Milphuret has been formed and ex- 
amined by Berzelius. 

(740.) I. The D’EIhuyarts formed alloys of Tungsten 
by subjecting a mixture of Tungstic Acid, charcoal, and 
any Metal, to a strong lieut. In this maimer it was 
combined with gold, silver, copper, iron, lead, tin, an- • 
timony. bismuth, and manganese. The principal obsta- 
cle to be overcome appeared to arise from the great 
itifosihility of the Metal itself. 

(741.) K. Tungstic Acid, os will be seen hereafter, 
forms Salts by uniting with bases ; but Salts, "in which 
any oxide of Tungsten performs the part of a base, have 
not been recognised. 

(742.) L. An ore of Tungsten is recognised by cal- 
cining it with its own weight of nitre; a portion of the 
frit is soluble in water, forming a colourless solution. 

Nitric Acid throws down a white precipitate, which, by 
being well washed in boiling water, become* yellow, 
and has the properties of Tungstic Acid. * 

(7-13.) M. fNone. 

Sub see l, 1 — Tungstic Acid. 

(744.) The Tungstic Acid ofScheele was in fact a 
triple Salt, but the true yellow (yddc' which appears to 
possess acid properties, may be thus obtained. Let 
three parts of Hydrochloric Acid be boiled on one 
part of Wolfram. The clear Liquid is to be decanted 
off and left at rest. A yellow powder gradually sepa- 
rate^, which is to be redissolved iu ammonia ; the clear 
solution, evaporated to dryness, leaves the yellow oxide • 
in a state of purity. It is insoluble in water, *and though* 
it does not exert.any action upon vegetable colours, it 
is capable of saturating bases. Good analyses have 
given such approximations to the theoretical numbers 
of the Table, that no others need here be given. 

Tungstate of lime is found native. The tungstates • 
of ammqnia, potash, soda, and magnesia are soluble, 
those of lime, * barytes, strontia, manganese, and iron 
are not so. 

'' References to £ 4. 

Consult Scbeele, JEw. vdl. ii. p, 81 ; B'Elhuyarta, 

5 a 2 
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Chsriwtry* Mini, Acad, Thonlovse, vol. ii. ; Vauquelin and Becht, 
Jour. tie Mines , No. 19. ; Klaproth on the Minerals of 
Cornwall ; Aikin's Diet ; Berzelius, A n. Phil . vol. iii. ; 
Bucholz, An. Phil. vol. vi. ; Bucholz, Jour . de Ch. 
Vol. iii. ; Berzelius, Afhandlingar , vol. iv. ; Pelletier, 
Ait. de Ch. vol. xiii. 

Sect. V. — Columbimn . 

r 

(745,) A. In the year 1801 Mr. Hatchett obtained 
from the analysis of a mineral in the British Museum, 
similar in appearance to chromate of iron, a new 
f metallic oxide, possessed of acid properties. It had 
been sent from America, and, therefore, to the inferred 
metallic base of the oxide, he trove the name of Colum- 
bium. Ekeberg soon after discovered in a Swedish 
mineral a metallic oxide which lie considered new, and 
, callcyl Tantalum, from the name of the mineral itself. 

Dr. Wollaston having examined the substance, found it 
identical^ with the Columbium of Hatchett. Colum- 
bium occurs in the mineral from Massachusetts, and in 
< the toutalite and yttro-tantalite of Sweden. 

(?4f5.) B. Dr. Wollaston’s method for obtaining this 
f oxide from the mineral tuutalite is as follows. Mix one 
part of tantalite with five of carbonate of potash and 
two of borax, and fuse in a platinum crucible. Soften 
the mass with water, and digest it in hydrochloric Acid. 
The iron and manganese are dissolved, and a white 
powder remains, which is the oxide of t’olumbiurn. By 
subjecting this oxide, mixed with chaicoal, to an intense 
heat, Berzelius reduced it, although unable to produce 
a bead of fused Metal. 

(747.) C. Columbium has a dark grey colour, is 
capable of metallic lustre, hard enough to scratch glass, 
and may be reduced to a daik-brown powder. Its 
Specific Gravity can scarcely be said to be accurately 
known. 

(748.) D. When heated, Columbium takes fire, and 
• burns feebly to an imperfect- grey oxide. It detonates 

slightly with nitre in a red-hot. crucible. The white 
mass produced h\ this deflagration is a mixture of 
ojiide of Columbium and potash The potash may be 
separated by hydrochloric Acid, leaving behind a 
4 hydrous, white oxide, which has the singularity of being 

soluble in oxalic, tartaric, and citric Acids. After the 
water has been driven otT by heat, this piopcrty disap- 
pears, and the pure oxide is insoluble in nitric and sul- 
phuric Acids, but imperfectly so in the muriatic. It is 
capable of reddening vegetable blues, and with potash 
as a base it forms a crystallizuhle Salt,. This is Columlm. 
Acid , subject 1. 

(749 ) E. F. G. II. I. Little known, save that it has 
been alloyed with some other Metals. 

■ (750.) K. Colutnhium resists the action of hydro- 

« chloric, nitric, and nitro-muriatic Acids. 

(751.) L. Columbium must* l>e tested in the state of 
• columbic Acid, or a columbate. See, therefore, suh- 

SeC (75J.) Ml None. 

Subsect. 1 .—Columbia Acid, 

(753.) On this point we, may briefly state that 
Columbia Acid is scarcely at all soluble in water. In- 
soluble in Acids, save the fluoric. Soluble in acid 
tartrate of potass*; also iii*potasaa and soda. For tlm 


full action of this substance with tests, we must direct p*rt ft. 
the reader to Dr. Thomson's First Principles . (a.) 

References to § 5. 

(a ) vol. ii. p.77 ; consult also Hatchett. Phil. Trans . 

1*02, p. 49; Ekeberg, Vetemk . Ac. Haudl. Stockh. 

1802 ; Wollaston, Phil. Trans . 1809; Berzelius, 
Afhandl. vol. iv. ; Id. An. Phil . vol. iv. ; Wollaston, 

Nich. Jour . vol. xxv. ; Berzelius, An. de Vh. d de Ph . 
vol. xxix. p. 303. 

Sect. VI. — Antimony, 

(754.) A. The Ancients obtained with their silver 
ores an oxide of this Metal, to which the name tnippi, or 
stibium , was applied. Pliny thus speaks of it. In 
iisdem argniti metallic invenitur , id proprie diramus, 
spnmrp lapis Candida nitentisq ; non tamvn translu- 
cent is, stimuli appellant, alii stibium , ahi a l aha strum, 
alii lurbason' 9 Lib. xxxiii. ch. vi. He enumerates 
its medicinal virtues, and particularizes its application 
to the eyes. Thus employed as an ornamental 
pigment, its use is of high antiquity ; at least that 
such a custom prevailed we learn from V.zekiel, eh. xxiii. 
v. 40., and among the Eastern ladies ii js continued to 
this day. They colour the eyelids black with a sub* 
stance of which the Arabic name is Kohol , this being 
some preparation of Antimony. I)r. Thomson has 
shown, by a singular quotation from Thalliims, that its 
use was continued in Spain during the Middle Ages, 
under the name of 44 pivdra de alcohol." The ALhe- 
mists were well aujuainted with the substance, and 
doubtless received from Arabia or Egypt the name 
kohol , with the article at prefixed; hence their usual 
term alcohol , though many other names were given to 
It from its properties, in 1024, the Currus Trhnnphalis 
Antimonii of Basil Valentine, a M/nik of Erfurt, ap- 
peared. As the title implies, the virtues of this mineral 
form the subject of the Woik. It is not improbable that 
through him, or some one in bis time, the woid Antimony 
came into use. Legends tel J that the Monkish experi- 
mentalist, who practised as ;\ Physician, made trial of 
its virtues upon the hogs of the Convent. Thu medicine 
acted ns a brisk cathartic, and the pigs speedily fattened. 
Encouraged by this Imppy result, he administered it to 
.some of his brother Monks; but the, dose being too 
violent it proved fatal, and hence the name uvtI 
pova^ovs , or “ Anti- iiioinc*. 99 * 

It is found but sparingly in the state of an oxide, but 
very abundantly as a sulplmret, which ore is the crude 
Antimony of Commerce ; also in nutive crystals of con- 
siderable purity. 

, (755.) B. Antimony may be obtained from its sul- 
plmret for the purposes of the laboratory by mixing 
three parts of the ore with two of tartar and ona of 
nitre; this powder is to be gradually projected into a 
hot crucible, which is then exppsed tor three-quarters of 
an hour to a furnace or forge -beat. On<»cooling, the 
button of Antimony is found at the bottom of the cru- 
cible. By this process the Metal is not obtained in a 
state of great purity; for delicate purposes it must be 
revived from the yxide. Thenard suggests the passing 
a current of hydrogen over tbe^oxide in a heated porqe- 
la in tube, as the thost unobjectionable method. 

(750.) C, In colour, Antimony is greyish- white, with 
considerable brilliancy. Its texture is laminated and 
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Chemistry, imperfectly crystalline. According to Hatiy, (a.) the 
******* ' primary form is an octahedron. By friction it com- 
municates to the fingers a peculiar taste and smell. 
Its hardness nearly equals gold. Its Specific Gravity, 
according to Hatchett, is 6.71. It is so brittle as to be 
easily pulverized. According to Musehenbroeck, a 
wire one-tenth in diameter supports a weight ot about ten 
pounds. It fuses at about 810° of Fahrenheit, and is 
volatilized by greatly increased heat ; but from the ex- 
periments of Thenard it would appear that the Metal 
is fixed if air be excluded, and that the volatilization 
which takes place i*that of the oxide. 

(757.) D. yhcre is considerable difference of opinion 
us to the number of oxides wlych Antimony is capable 
of forming, but of three at least there is good evidence. 
By exposure to air or water, the Metal undergoes no 
alteration, but at a red heat it decomposes steam with 
such rapidity as to produce a violent explosion. * 

1. The protoxide is a wlitte or grey powder, easily 
fusible. It may be obtained by dissolving the Metal 
in hydrochloric Acid, and diluting the solution largely 
with water ; a white precipitate is obtained ; which, after 
being well washed, is to he boiled in a solution of car- 
bonute of potassa, to remove an adhering portion of 
hydrochloric Acid. This powder, when again washed 
and dried, is the protoxide. 

2. The hemidrutoxide (deutnxide of some) is a fine 
white powder, not so fusible us the former, nor so easily 
soluble in Acids, and insoluble in water; it is obtained 
by heating the protoxide in an open vessel nearly to 
redness. It takes tire, absorbs oxygen, and is converted 
into the oxide. It is pioduccd also by th,* action of 
hot nitric Acid upon Antimony. By heating the Metal 
in a furnace with free access of air, a while oxide is 
sublimed, (argentine flowers ol Antimony,) which 
Thomson cotisideis to be this, while Thenard asserts 
that it is the former oxide. 

This oxide possesses acid properties, and combines 
with bases producing the Anfrnionifrs. It has been 
called Autonomous Acid. See sub. sect. 1. 

II The remaining known oxide, the deutoxide, (per- 
oxide of some,) is also an Acid, and called the Anti- 
. mouic. See suhsect# 2. f It may be formed by mixing 
• six parts of nitie and one of Antimony in a silver mi 
cible, and exposing it to m low red heat fur an limn. 
The excess of alkali is to be washed oil' with a little 
cold water. H)igest*fhe remaining powder in hot water, 

• which will dissolve a part. From this solution, acetic 

A<‘td precipitates a hydrate ol antimouic Acid. The 
water may be driven off by a gentle heat, and the 
powder thus rthtained is incapable of combining with 
•Acids, but reddens vegetable blues ; and is, in fact, com- 
pletely an Acid, as it unites with bases t:> form Salts. 
By a red-beat it is converted into the preceding oxide. • 

Of the constitution of these oxides no very decided 
iftconnt ctu^ be given, the reader is therefore referred to 
the Table for the nearest theoretical assumption. 

The antimoniate of potash is formed in the above 
process* and many metallic untimoniutes exist, but have 
not yet been made the subject of investigation. 

(758.) E. The action of chlorine upon this Metal 
prodm.es the following beautiful experiment. Into a 
• Stopped glass jar containing chlorine, pour, by means 
of a funnel, some finely powdered Antimony, which has 
been previously warmed. The rapid combination pro* 

• duces a beuutiful shower of fire within the jar.* 

(759.) F. Unexamined- 4 


(760.) G. Iodine combines with Antimony, but by 
water is again separated into hydriodic Acid, and the 
while oxide. 

(761.) H* With carbon, boron, ailicon, azote, abd 
hydrogen, we know of no compound, but with phos- 
phorus, sulphur, and selenion, it readily unites. • 

(762.) l.^With the Metals it readily unites, and 
generally to the destruction of their ductility, 

(763.) K. Boiling sulphuric Acid undergoes ^violent 
Action upon Antimony ; it is decomposed, givingout sul- 
phurous Acid Gas; an imperfect sulphate is produced, 
which, however, is decomposed by a plentiful effusion 
of w'ater, and the white oxide of the Metal subsides to 
the bottom. • 

The sulphurous Acid has no action upon Antimony, 
but it decomposes many of its Salts. From the hydro- 
chlorate, a white precipitate is produced, which, according 
to Aikin, is a true sulphate of Antimony. 

Upon this Metal, nitric Acid, even when cold, under- 
goes rapid decomposition ; nitrous (las is evolved, and 
a white oxide is produced. If the Antimony fee reduced 
to fine powder, and mingled with just Acid enough to 
form a paste, the action is so violent as to cause inflam- 
mation. Another singular consequence of the partial 
decomposition ol the water, together with that of the 
Acid, is that the liberated hydrogen of the former unites 
with the azote of the latter, and ammonia is produced. 
The addition of a small quantity of fixed alkali or 
caustic lime will disengage the Ammonia, which may be 
recognised by its pungency, or by the fumes of hydro-, 
chloric Acid. 

The hydrochloric Acid dissolves Antimony, but in 
v“ry small quantity ; on the oxide its action is much 
greater; a thick, honey-like substance is the result, 
which formei lv went by the name of Butter of*A ntimony , 
an. I is a highly corrosive substance. 

Strong nitrmnurialic \cid dissolves this Metal in 
considerable quantity, but die whole is again precipi- 
tated in the stale of an oxide by water. , 

From all these instances we may fairly conclude that 
Antimony, when oxidated in the higher degrees, can 
no longer as a base unite with Acids to form Salts ; 
but it may assist in the formation of Salts with ee^ain 
bases, to which it performs the part of an Acid. 

The only true Salts of Antimony then contain the 
protoxide; of the mineral Acids there probably are few 
if any, as their own decomposition tarnishes oxygen for 
the formation of the insoluble white oxide. From the 
vegetable Acids, the acetate, Succinate, benzoate, 
oxalate, and tartrate have been described. One triple 
Salt, however, claims peculiar notice, us the Tar/m 
Enu tw of Medical writers. It consists of tartarfc Acid, 
potash, and protoxide of Antimony. Alkalis, alkaline 
earths, sulphurets. several metals, and astringent vege- 
table decoctions, decompose it. With any of these, 
therefore, it ought never to be conjoined*!!) u prescrip- 
tion. 

The solutions of the Salts of this Metal are 
generally yellow, and precipituble by* water. * Frus- 
siiite of potassa and tincture of galls give a white 
precipitate, but only from their water determining the 
deposition of the white oxide. From hydrosulphurets, 
a yellow precipitate is produced. A plate of iron or 
zinc throws down the Metal in the state ot a black 
powder, Especially if the solution be acidulated. 

(764.) In the Arts an alloy of this Metal with 
lead is used for the plates upon which music is 
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Chwtistry. engraved ; artd with tin it forms one kind of pewter. It 
enters also with lead and copper into the composition 
of printers* types. Its oxide assists in the vitrification 
tif earths, and gives to glass an amethystine lute. 
Couihined with oxide of lead, it forms a paint called 
Ndples yellow, and enters into some enamels. Of its 
application to medicinal purposes the tartrate has been 
noticed. Tlu* Glass of Antimony of the old Pharma- 
copoeia' is a fused suiphuret. The Kermes Mineral is 
* an hydrosulphurettcd oxide. The celebrated Fever- 

, powder of Dr. James appears, from the analysis of Dr. 
Bearson, ( b ) to be a combination of phosphate of lime 
with oxide of Antimony, which is imitated in the Pule. 

1 Antimouialis of the Materia Medina. 

SubsccL 1 . — uintimoniovs Acid. 

(765.) If Antimony be burned or strongly heated in 
an open vessel, an oxide is formed, the constitution of 
which is at once expressed by out term of the hemi- 
deutoxider, it is condensed upon any cold surface in the 
form of shining, white, acicular crystals. This substance 
« was formerly called Argentine flowers of Antimony, it 
unites with ulkalis to form a class of Salts. 

Subsect 2. — Anlimonic Acid , ' 

(766.) Dr. Thomson obtained this Acid by dissolv- 
ing pure metallic antimony with nitric Acid in a plati- 
num crucible. The solution was evaporated to dryness, 

• and exposed for some hours to a heat of 500° Fall re il- 
licit. This acid oxide is a yellow powder, and is con- 
verted by a red beat into the oxide preceding. The 
same able Chemist, has suggested, and with great pro- 
bability, that the hemideutoxide is a compound of one 
atom of the protoxide -f- one atom of the deutoxide. 
Berzelius formed and described the Anlimomute of 
potassa. 

References to § 6. 

* (a.) Jour . de Mates, An. 5. ( h .) Ph if. Trans. 

1791 ; consult also Basil Valentine, Currt/s Trntmphalis 
Antimotiii ; Meudori Analysis Antmionii Phystco - 
ChtjfnicuH uttionalis , 1 78S ; Lavoisier and Meusnier, 
Mem . Par. Acad 1781 ; Thenard, An. de Ch. vnl. 

* xxxii. ; Proust, Jour, de Phys. vnl Iv, ; Berzehu^, 

Nieh Jour. vol. x\iv. xxv. ; An. Phil. vol. ii ; Thomson, 
An. Phil. vol. iv. ; J. Davy, Phil Trans. 1812 ; Berg- 
man, Opusc. vol. iii. ; Thomson, First. Principles , vol. ii. 
p. 40 « 

"Sect. VII. — Uranium. 

(76T.) A. On examining a Saxon mineral called 
Pechblende , Klaproth, in 1789, discovered that it was 
the suiphuret of a new Metal. Herschel had just cl is— 4 
covered his new Planet, and as the Herman Astrono- 
mers gave to "it the name of Uranus, the Chemist gave 
to his new Metal the name of Uranium. * The beautiful 
■ green uranite of Cornwall is an hydrated oxide of this 
Metal, # « 

(768 ) B. To obtain the Metal from pechblende 
1 by digestion in nitric Acid, the Uranium, iron, copper, 
and lime are taken up. Evaporate to dryness, ami 
redissolie in water, which will leave the peroxide of 
iron. By digestion in ammonia the Uranium is preci- 
pitated, and the copjier retained in solution. The 
precipitate is to be again dissolved in nitric Acid, 
evaporated and crystallized. The greeft crystals are 


* 

picked out, slightly washed, dissolved in water, and* l>y jj; 
a second crystallization, they are supposed to be ol>- - - ^rmi> 
tained tree from the lime. By exposure to a red heat 
a yellow, pulveruleut oxide remains. This oxide, mixed 
wiili one-twentieth of charcoal powder, and exposed to 
intense heat, is reduced. In this, and probably in many 
other cases, too much charcoal should not be em- 
ployed. 

(769.) C. Thus obtained, Uranium is not a very 
compact button, us a much greater heat is required for 
its perfect fusion thun our furnaces can produce. Its 
phy sical properties are little known j it y ields to the file ^ 
and, according to Professor Clarke, of Cambridge, a 
pure bead, pioduced !>y v acting upon the nitric green 
oxide with the Has blowpipe, was brittle. 

(77u ) D. At a red heat, in an open vessel, Ura- 
nium is converted into a gteyish-black powder, which* 
by .continued heat, is unaltered, and is the protoxide. 

The yellow powder, abov^ described, is the deutoxide* 
which is also obtained by precipitation from the nitrate 
by an alkali. 

It would appear from recent experiments, especially 
those of Dr. Thomson (a.) and Arfwedson, (6.) that the 
higher oxide of Uranium is, in fact, possessed of acid 
properties, ami can neutralize bases. The constitution 
of the oxides of Uranium is by no means well settled j 
for, supposing the dark-green oxide to be a protoxide, 
it remains doubtful whether the yellow oxide is a hetni- 
deutoxide, or a deutoxide: Thomson is of the latter 
< pinion. 

(771.) E. F. (*. Little studied, or unknown. 

(772.) II. Bucholz succeeded in forming an arti- 
ficial Milphuret of Uranium. 

(7 73.) 1. Nitric Acid readily dissolves Uranium, 
or its oxide ; and by exupnration, a crystallized nitrate, 
of a lemon-yellow colour, is obtained. It is deli- 
cjuescent, very soluble in water, and moderately so in 
ether, hut shortly undergoes decomposition. A sub- 
nitrate, insoluble in water, is described by Bucholz. 

Sulphuric Acid has very little action on Uranium. But 
it dissolves, with some difficulty, the oxide, if assisted hy 
heat, and a crystallized sulphate may be obtained. 

Berzelius describes a selemale tqid biseleniate. The 
phosphate, arseniaie, tungstate, molybdate, and tar- 
trate may he found by precipitation from a Salt of 
Uranium v\ith Salts of* these Acids. Richter obtained 
also the borate, oxalate, citrate, nudlute, benzoate, and 
succinate. Acetic A^bl dissolves the oxide, and fbrms 
a crystal l izable salt soluble in water. 

Besides these Salts, in which oxides of Uruuiutn 
constitute the base, it is quite well established that 
the yellow oxide of Uranium performs the part of anr 
Acid also to certain bases. See subsect, 1. 

(J74.) K. For the reagent effect of 'Uranium, 
consult a valuable series of facts given in Thomson's 
First Principles , vol. ii. Generally speaking, tbs 
caustic alkalis give yellow precipitates with Salts of 
Uranium not soluble in excess, of alkali; with their 
carbonates a white one, which is soluble *in excess. 
lVussinte of potassa a dark, red-brown precipitate. 

(775.) L. With proper (luxes the oxide of Uranium 
gives an orange colour to porcelain. 

i 

• t 

ISubsecL I. — Uranic Acid. 

(77 0.)* To preserve the uniformity 6f qulr plan w* 
introduce <th is name. Uraniate of barytes i» described 
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by B^nsetiiW' This Arid seems to have a great tend* 
ency to take part in the formation of double Salts. 

References to § 7. 

(a.) Firnt Prinriplex , vol. ii. p. 2. (h.) An. Phil . 

N. S. vol. vii. See also Klaproth, Crcll's Anna ! >, 
vol. i. ; Bucholz, Gchlen's Jour. vol. iv, ; Klaproth, 
Analyt. Esttayx, Eng. Truus. vol. iv. 

• 

Sect. VIII. — Cerium. 

• (777.) A. In the* year 1750. a mineral, having con- 

, siderable resemblance to tungsten, was found in the cop- 

. per-nime of Bastufts in Sweden. Bergman published 
mi attempt at its analysis by MM. D’Klhuyart, by 
which it was proved not to be tungsten. Klaproth 
afterwards de Jared it to contain a new earth, which lie 
called Ochroita. Uissinger and Berzelius made a more 
complete examination 61' the substance, and, considering 
it a metallic oxide, they gave to the Metal the name of 
Cerium, from the coinc idence of the discovery of the 
Planet Ceres about the same time. It has subsequently 
engaged the attention of Vauquelin, Thomson, and 
Langier. Three minerals contuiq this substance, two 
from Sweden, and one from Greenland. 

(778.) B. Cerium ts best obtained by tile process 
of Langier. The mineral Cerite is dissolved m nitro- 
inuriiitic Acid ; a precipitate is produced by ammonia, 
which is well washed, and, .while still moist, is treated 
with a solution of oxalic Acid, which dissolves out t lie* 
oxide ot iron which Imd been thrown down; the 
remaining powder is, alter calcination at a icd heat, 
pure oxide of Cerium. Several attempts have been 
made to reduce this oxide to the metallic state, but with 
partial success; for though a metallic powder has been 
produced, it lias never been formed into a mass, so 
that its physical properties are almost unknown Sir 
II. Davy effect ec^ tin* decomposition of the oxide of 
Cerium by the action # of potassium. 

(779.) C. M. Vauquehr obtained some small 
grains of metallic Cerium, which were brittle and of a 
white colour. According to Messrs. Children and 

• Thomson, Cerium m;?y t?c volatilized by a very intense 
, * heat. 

(780 ) D. If Cerium be dissolved in iiitro-rnuriatie 
Acid; the solution neutralized with caustic potussu ; 
then piecipitaled by* tail rate of potussu; and lastly, 

• after Vv ashing, be calcined, oxide of Cerium is obtained. 

This is C erium, in its highest degree of oxygenation. 
The two oxides of this Metal would seem to he a prot- 
oxide and a heiflideutuxide. 

• (781.) E. F. G. Unknown. 

(782.) H. Langier obtained a carburet of C erium ; 
and there Is reason to suppose that a phosphuret may 
be formed. Also a sulphuret. by indirect processes. 

# (783.) L»* According to Gahn, Cerium would not 
unite with lead; but Vuuqnelin succeeded in forming an 
alloy with ipui 

(784,) K, According to Vauquelin, the reduced me- 
tallic powder is insoluble in all unmixed Acids, and 
not easily so in even the nitro-mnrjatic. The oxides 
are soluble in most Acids. The Suited the protoxide 
• at present known are the protonitfate, ^rotosulphale, 
protocarbonate, protoseleniate, and pcotoxalute. Those 
of the red qxide are, the nitrate, sulphate, srienlate, 

• and oxalate. There also exist combinations 0 of oxide 


of Cerium with the phosphoric, arsenic, moiyUflic, Brnll. 
acetic, benzoic, succinic, tartnric, nnd citric Acids ; but 
of the state of oxidation of the Metal in these cases we 
are not well assured ; for the most part they seem An 
contain the protoxide. A double Sait of sulphuric 
Acid with potassa and oxide of Cerium, is described by 
the Swedish Chemists. 

(785.) L.* Of the protoxide, the Salts are colourless, 
or white ; and of the peroxide they are yellow. • Their 
solutions in water have a sweet taste. Gallic Acid and 
hydrosulphuric: Acid Gas give no precipitate. Hydro- , # 
sulphuret of potash and prussiutc of potassa give n 
white precipitate. Oxalate of ammonia produces a 
white precipitate soluble in nitric and hydgochloric - 
Acids. Tartrate of potash gives no precipitate, but arse- 
niate of potash gives a white precipitate. 44 Succinate 
of ammonia does not precipitate Cerium from the ace- 
tate, which furnishes a ready means of separating iron 
fr m Cerium.” , 

(786.) M. None known. 

• 

References to § 8. 

{a.) Bergman, Opiate, vol. vi. ; Klaproth, Gehl. Jour. 
vol. ii., or Nich. Jour. vol. viii. ; Uissinger and Ber- 
zelius, Nich. Jour. vol. ix. ; Gnlin, Gehl. Jour. vol. iii. ; 
Vauquelin, An. tie Ch. vol. I. and vol. liv ; Thomson, 

Phil. Tram. Edm. vol. vi. ; Langier, An. de Ch . vol. 

Ixxxix. ; Uissinger, An. Phil. vol. iv. 

Sect. IX.— Cobalt. 

(787.) A. Cohalt was recognised as a distinct me- 
tallic substance by Brandt in 1733, but had long been 
useil to give a blue colour to glass. According to 
Lehman, Christopher Schurer, a glass maker at. Flatten, 
was the first to use it thus in about 1540. Cobalt i> 
found in several states of mineral combination, and is 
almost constantly attended by arsenic. 

(?S8.) IL For commercial purposes, tin* Cobalt ore 
is roasted ; by which volatile and fusible substances 
an* removed, and some silica within an impure oxide 
remains, which is called /afire. Many processes have 
been recommended for obtaining pure Cobalt; out? of 
the best is as follows. Reduce /afire to the metallic 
state, by mixing it with thrice its weight of black flux, 
a little oil, and a little salt ; expose this mixture to a 
strong beat in a crucible for some hours, and a button 
of Cobalt will be found at the # bnttpm of the crucible. 

In this state it is usually alloyed with iron, copper, 
nickel, and arsenic. Pulverize the metallic button, and 
calcine with four parts of nitre; after which hot ,tvater 
will remove the arseniate of potassa. Dissolve the 
rcsjdntim in dilute nitric Acid, and precipitate the cop- 
per by a plate of iron. By filtering, evaporation to. 
dryness, and digestion in hydrate of ammonia, th$ 
oxides of nickel and Cobalt will alone be taken up. 

Expel the excess of ammonia by heat, umi add dilute 
hydrate of potassa, which will precipitate the vkkcl. 

By immediately filtering and boiling the clear liquor 
the oxide of Cobalt is precipitated, and may be reduced < 
by subjecting it to a strong beat with charcoal uud a 
little oil. • 

(789 ) C, Thus obtained, Cobalt is of a reddish* 
grey colour, of a fibrous or laminated texture. Brittle, 
but said to be malleable when healed. Its Specific 
Gravity has been stated at from 7,7 to $.7. L it; not 
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Ghemirfh-y volatile ; and, after fusion, may, by care, be obtained in 
>«**/'*** a crystalline form. Like iron and nickel, it possesses 
permanent Magnetic properties. 

'(790.) D. Cobalt at a red heat in an open vessel 
'undergoes oxidation. The protoxide is however best 
obtained by dissolving the Metal in nitric Acid, and 
precipitating by hydrate of potassa: the precipitate is at 
first blue, but becomes black, and is the higher oxide of 
this Metal. By exposing this oxide to a low red heat, 

, one portion of oxygen is driven off, and protoxide, 

, which has u beautiful blue colour, is produced. 

, (791.) E. The chloride may be formed by gently 
heating filings of the Metal in chlorine; it is also 
i formed* by evaporation of the hydrochlorate, and is a 
very definite compound. 

(792.) F. G. The iodide and fluoride are unknown. 

(793.) H. The phosphuret, sulphuret, mid sele- 
uiuret, have been examined, but of any combination 
t withecarbon, boron, silicon, hydrogen, or nitrogen, we 

are ignorant. 

(794. ) C I. Cobalt has been alloyed with gold, platinum, 
tin, copper, iron, antimony, arsenic, and lead; but it 
c would scaicely, if ut all, unite with silver, mercury, 
bismuth, or zinc. 

r (795.) K. As wc have before seen. Cobalt is soluble 

in nitric Acid when heated, and red prismatic crystals 
may be obtained. 

The muriatic Acid attacks this Metal but with great 
difficulty, and the solution was formerly known b\ the 
f name of H el lot’s Sympathetic Ink; abetter Suit for this 
purpose will, however, be described hereafter. The 
oxide is readily soluble. 

At a boiling heat, sulphuric Acid is decomposed upon 
Cobalt, and a soluble sulphate remains, hut the oxide is 
not very soluble in this Acid. Carbonate, borate, sele- 
niate, urseniate, autimoniate, antimonite, oxalate, and 
tartrate of Cobalt, may be formed by precipitation 
where the Salts are neutral. Oxalic Acid attacks and 
dissolves metallic Cobalt, but phosphoric, fluoric, tar- 
* time, and acetic Acids, only dissolve the oxide. The 

Acetate of Cobalt forms an excellent sympathetic ink, 
by which if any thing he written or painted upon paper, 
it ^ invisible when cold, but becomes of a fine azure 
blue when exposed to heat. The most probable cause 
that has be* n assigned for this change is, that, when 
suffered to cool, the muriate or acetate of Cobalt, 
being very deliquescent, absorbs moisture, and under- 
goes a sufficient dilution to be colourless; but that by 
heating they beeorfke ooncentruted, and the green or 
blue colour u developed. This view of the matter is 
confirmed by the fact, that the same colour is produced 
by exposing the washed paper to the absorbent action 
of quick-lime, or sulphuric Acid in utt exhausted 
receiver. « 

Neutral solutions of the Salts of Cobalt are generally 
Vif a reddish Volour. 

(796.) L. In neutral solutions of Cobalt the alkalis 
produce a blue precipitate, prussiate of potassa a light- 
green^one. Ilydrosulphuric Acid Gas no precipitate; 
but hydrosulphuret of potash a black one, soluble in 
‘ excess of the precipitate. Gallic Acid produces no 
change* but tincture of galls gives a white precipitate. 
Metallic zinc produces no precipitate, neither does its 
hydriodate, nor that of potassa. 

(797.) M. Cobalt is employed in the Arts to give a 
blue colour to glass, enamel, and porcelain. Zqffre 
has been already described, but as it ia found in Com- 


merce it is always mixed with two parts of powdered fcvtffi 
flint. 

Smalt is a finely pulverized glass, coloured by oxide 
of Cobalt. Aikin states that so high is the colouring 
power of this metallic oxide, that one grain will give a 
full blue colour to 240 grains of glass. 

References to § 9. 

Brandt, Ada . Upsal. 1733° and 1742; Lehman, 
Cadmialogia ; Bergman, Opusc. vol. ii. ; Tussaert, An. 
de Ch. vol. xxviii. ; Fourcroy, Joyr . de Mines, Disc . 

Prelim . ; Tticuard, An. dr Cl i. vol.'xlii. ; Proust, An. de 
Ch. vol. lx. ; Richter, Gehlens Jcu/r. volt ii. ; Bucholz, 

Gehlen’s Joyr. vol. i ii. ; Phillips, Phil. Mag. vol. xvi.; 

Roth off, An. Phil. vol. iii. ; Thenurd, Jour.de Mines , 
vol. xii. p. 215, 

Sect. X , — Titanium. 

(70S.) A In the year 1791, the Rev Mr. Gregor 
published the analysis of a black sand found in the 
parish of Menachun in Cornwall. Finding that it con- 
tained the oxide of a new Metal, it received the name 
of Menucliine from Kirwnn. Little interest was excited 
till, four years afterwards, Klaproth discovered that what 
was called red schorl consisted of the same oxide nearly 
in a state of purity. To the Metal he gave the name 
Titanium, which is generally adopted. It has since 
been found in anatase, i serine, and sphene, and fre- 
quently forms those beautiful brown filaments which 
traverse rock crystal, 

(799.) B. The native red oxide is not soluble in 
Acids, but maybe decomposed by fusion with two parts 
of potash, or six parts cf its carbonate. The fused uiiiss 
is to be digested in diluted hydrochloric Acid, which is 
to be decanted off’ when it has removed all the soluble 
part. To this hydrochloric solution, oxalate of ammonia 
is to be added; by which, oxalate of.Titanium is preci- 
pitated, while the iron remains pi solution. By calci- 
nation, the vegetable Acid is destroyed, and a yellow 
oxide remains, which becomes white on cooling. The re- 
duction of this oxide lias proved of the utmost difficulty, 
and has been frequently attempted without success. 

By forming the oxide into a paste with oil, and exposing 
i? to a most intense he:h, Laugier appears to have 
effected it. 

(KUO.) C. The ci lour of the 'Metal * produced was 
that of gold ; it was brittle, but in a slight degree 
elastic, having considerable lustre, hut highly infusi- 
ble; according to Vuiiquclin it may be volutilized hy an 
intense heat. r 

(801.) L), When heated with access of air, it changes 
its, colour and undergoes oxidation, forming a blue 
powder, which is said to be the first oxide. The nutive 
red schorl is the second, and thq, last is the white powjjer 
already described. * 

This powder has feeble acid properties ; hence it has 
been called Titanic Acid. (Suosect. 1.) < 

(802.) E. Metallic Titanium unites with chlorine; 
and it would appear that two chlorides of Titanium 
exist, (a.) 

(803.) F. G.* Unknown. 

(804.) H. Sulphur wus united with Titanium hy * 

Rom, and with phosphorus by Chenevix. 

(S05A I. Vauquelin and Hecht were unable to alloy 
Titanium with silver, copper, lead, or arsenic; hut 
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CfceAlitry they did combine it with iron. Dr. Wollaston obtained 
/ similar results. 

(606.) K. Though nitric Acid has little action on 
either the Metal or the red oxide, it will, if aided by heat, 
dissolve the carbonate, and a crystallized nitrate may be 
obtained, provided that the Metal be in its first degree 
of oxidation. The Metal is soluble (though the red 
oxide is not) in hydrochloric Acid, and a Salt forming 
cubic crystals is produced ; but according to Vauquelin 
a gelatinous mass is produced by evaporation, which by 
increased heat is decomposed, chlorine is liberated, and 
pn oxide precipitates, which is insoluble in hydrochloric 
Acid, but yields to the nitric. Hence it is inferred that 
• the hydrochloftite contains the white oxide and that no 

• combination con exist between* this Acid and the prot- 
oxide. Boiling sulphuric Acid oxidates and dissolves 
tile Metal, but affects not the red oxide ; it acts readily 
on the carbonate, but this metallic sulphate has not as 
yet heen seen in a crystalline form. The phosphoric 
and arsenic Acids, if added to the solutions of this Metal, 
produce insoluble white precipitates. The carbonate is 
formed by fusing together six parts of carbonate of 
potassa and one part of the red oxide ; the mass is to 
be well washed with water, and the insoluble white 
powder remaining is the Salt. • Oxalic and tartaric 
Acids produce also white precipitates, but these are 
again redissolved by any excess of Acid. 

The Salts are colourless, and have different degrees of 
solubility. 

(^807.) L. Alkaline carbonates produce a white flaky 
precipitate, prussiate of potash a grass-green inclining to 
brown ; “ but if an alkali is added after the nrussiate, 
the precipitate becomes purple, then blue, and at last 
white." Hydrosulphuret of potash produces a dirty- 
green precipitate ; sulphuretted hydrogen produces none 
at all ; infusion of galls a bulky reddish-brown preci- 
pitate. A rod of tin immersed in a clear solution of 
Titanium becomes gradually surrounded by a fine red 
cloud, and a rod of zinc by a blue one. 

(808) M. In the Arts, Titanium has heen sparingly 
employed to produce a brown or yellow colour on porce 
lain. 

Subseci. If — Titanic Acid. 

• " (809.) The existence of this Acid is doubtful, for 

Rose has stated that he could not detect true acid pro- 
perties in the oxide of Titanium ; we leave it, however, 
for future exaTninatifin. # 

References to § 10. 

(a.) Gregor, An. Phil. N. S. vol. ix. p. 18. (6.) 
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Sect. XI. — Bismuth. 

• 

(810.) A. Bismuth was unknown to the Ancients, 
but appears to have heen early recognised by the Ger- 
man miners. According to their speculations it was 
an imperfect silver, but by the successive researches of 
* * Chemists it was first deemed an alloy, 'and at length 

recognised as a peculiar Metal. It'is found uative, but 
contaminated with arsenic, as an oxide, and as a aul- 

* phuret. • 

VO h. IV, 


(81 L) B. Being easily fusible, it is separated from 
its ores by subjecting them to the heat of a furnace in 
iron tubes, inclined so that the Metal may run out at 
one end, * 

(812.) C. In colour. Bismuth is reddish-white, and 
has a luminary structure. In hardness it is inferior to 
copper. According to Hatchett its Specific Gravity is 
9.822. It i^ not malleable, nor of great tenacity. Its 
fusing point* is 451° according to Berzelius, but Gay 
Lussac makes it as high as 54 1. If a mass of Bismuth, 
fused in a crucible or ladle, be suffered partly to congeal, 
and the fluid portion be poured off' from the other, p 
very beautiful crystallization is seen in rectangular paral* 
lelopipeds. The primary form, according to Hatty, is 
an octahedron. (Jour, de Mines , An. 5.) It h&B long 
been said that, by increased heat. Bismuth may be 
sublimed ; this, however, is denied by Thenard. 

(813.) D. The action of air or water is not alone 
sufficient to produce oxidation, but by continuing the 
Metal in a state of fusion with free access of air, a film 
of oxide forms upon the surface. At a strong red heat 
it takes fire, emitting a yellow smoke, which when con- 
densed is no longer volatile, and forms the yellow oxide 
of Bismuth. It is tasteless, and insoluble in water, but 
fqpible. 

*(814 ) E. If Bismuth, finely powdered, be introduced 
into chloriue it takes lire, and the metallic chloride is 
produced. 

(815.) F. Unknown. 

(916.) G. Iodine, by the aid of heat, enters into # 
combination with Bismuth, and this iodide, though 
insoluble in water, may be dissolved in caustic potassa 
without precipitation. 

^817.) H. Bismuth combines readily with sulphur 
and selenion, scarcely, if at all, with phosphorus, and 
not with hydrogen or carbon. 

(818.) I. All Metals seem capable of uniting with 
this to form alloys, and in general a great increase of 
fusibility is the result. Newton’s fusible JMetal is a 
striking example, consisting of eight parts of Bismuth, 
five of tin, and three of lead. It melts at a heat con- 
siderably below that of boiling water, and the addition 
of one part of mercury adds still more to its fusibility. 

(819.) K. The action of nitric Acid upon Bismuth 
is very violent, much nitrous Gas is evolved, and the 
Metal undergoes oxidation. With slightly dilute Acid 
a soluble nitrute is produced, which on cooling is pre- 
cipitated in small crystals. 

Cold sulphuric Acid exerts no action upon Bismuth, 
but by the assistance of heat, the Metal is converted 
into a white powder, and sulphurous Acid is evolved. 
By washing w'ith a small quantity of water, a portion of 
the metallic sulphate is carried off, and may be obtained 
t by*evaporation. 

Arsenic Acid digested upon this Metal with a moderate* 
heat, converts it into a white powder, which is arseniate 
of Bismuth. ' 

Hydrochloric Acid, if heated, acts upon Bismuth, 
and very readily on its oxide, and & crystaHizable 
hydrochlorate is produced, which is, like the nitrate, pre- 
cipi table by water ; by the action of heat the muriate 
becomes a chloride, which, according to Dr. J. Davy, is 
not volatile. * 

The following Acids, though producing little or no 
effect upon this Metal, combine Vith its oxide, and pro- 
duce Salts 4 viz. the carbonic, boracic, phosphoric, sul- 
phurous, molybdic, oxalic, acetic, and tartaric* which 
& » 
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Chemi»tTy. *r* all scarcely, If at all, soluble In water. The benzoic 
-***s~*s and succinic form soluble Salts. There is, according 
to Morvean, this singularity on the part of acetic Acid, 
that its presence prevents the precipitation of Bismuth 
from its nitric solution by water. The formation of the 
above mentioned Salts is best effected by adding a solu- 
tion of the Salt of potash with the givei\Acid to the 
nitric solution of the Metal. 

(S2tf) L* In all the acid solutions of Bismuth, 

* (acetic?) the addition of water produces a white preci- 

pitate, consisting of the metallic oxide generally united 
|3 a small portion of Acid ; thus the white powder fall- 
ing from the nitrate is an oxide containing a little nitric 
Acid. ‘Prussiate of potash gives a white precipitate, 
and infusion of galls a yellowish one. By hydriodic Acid 
a chocolate precipitate, sulphuretted hydrogen a dark 
brown. By a plate of copper or tin a precipitate of the 
pure Metal is produced. 

• (921.) M. In the Arts, Bismuth enters in the com- 

position of soft solders. An alloy of two bismuth, one 
lead, one^in, and four mercury, is used for silvering the 
inside of glass globes. The interior of the globe is 
€ well dried, and a small quantity of the alloy introduced ; 

by immersion in hot water it melts, and by turning the 
1 globe about, a sufficient coating adheres to its im?_?r 
surface. The flake white of painters is the precipitate 
from the nitrate by water, formerly called Magzstery of 
Bismuth , and the pearl-white is said to be a similar 
precipitate from the h)drochlorate or tartrate. It is 
, proposed to use it instead of lead in assaying. 

References to § 11. 

Pott, Exercitationes Chem . Berl. 1738; Wenzel, 
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Sect. XII. — Copper. 

(822.) A. Th is Metal, occurring frequently in the na- 
tive state, was one of the earliest known to the Ancients : 
alloyed with tin it formed the bronze of which ancient 
weapons were made before iron was obtained in 
, sufficient quantity to be applied to this purpose. The 

armour of the warriors at the siege of Troy was of 
bronze, and the knives of the ancient Egyptians were 
found by Dr. E. D. Clarke to consist of the same 
alloy. 

Copper is foundf in "a state of native purity, as an 
oxide and sulphurets and also as a Salt, carbonate, 
hydrochlorate, phosphate, sulphate, and combined with 
many 'other substances. 

(823.) B. Various processes are employed for extract- 
ing this Metal from its ores. The sulphurets are roasted 
‘in reverberatory furnaces, once, or oftener, us the case 
bay require ; and, finally, reduced by heating them in 
an appropriate furnace with smull-coal. To render it 
sufficiently pure for sale, it is remelted, and granulated 
by ftilfing inttf cold water several times over ; and lastly, 
refhied by again fusing it with charcoal powder. Pure 
Copper for Chemical purposes is best obtained by 
phicmg a plate of iron in a slightly acid solution of 
Copper ; the Metal is deposited in the form of a fine, 
brown powder, which is to be washed with a little 
dilute sulphuric Acid, to remove any adhering iron. 

( 924 .) C. Oppper has great brilliancy, and a fine red 
colour. It acts disagreeably on the organs both of smell 


and taste. Specific Gravity 9.60—8.89, Hatchett. It is 
harder than silver; has such malleability as to be beaten 
out into extremely thin leaves. Its tenacity is very 
great, according to Mr. Rennie : (Phil. Tram. 1818 :) a 
wire of cast Copper, one-tenth of an inch in diameter, is 
broken by a weight of 190.7 pounds, and one of the 
same size of hammered Copper would be broken by a 
weight of 337 .9 pounds : these results are calculated from 
experiments on longer bars. (Thomson.) Copper is 
calculated to melt at 1450° Fahrenheit, and is volati- 
lized by increased heat. By slowly cooling it, Mongez 
obtained crystals in the form of quadrangular pyramids. 

(8*25.) D, This Metal does not decompose water at 
ordinary temperatures, nr its vapour at a red heat, but 
by long exposure to air and moisture a mixture of car- 
bonate and oxide is formed upon its surface, (verdigrise,) 
By heating a plate of Copper to redness in atmospheric 
air, a red oxide is formed at the surface, and may be 
detached in laminae. Two oxides of Copper are well 
known to Chemists, and a third is admitted by Thenard. 

To obtain the lowest oxide, dissolve the Metal in 
hydrochloric Acid by the assistance of heat. Let this 
green solution be put into a phial with some metallic 
Copper, and cork it closely. The Liquid gradually 
acquires a brown colour, and deposits crystals like 
grains of sand. By adding hydrate of potassa to a 
solution of these in water, the orange-coloured oxide is 
precipitated. (Chenevix, Phil . Tram. 1806 ; Berzelius, 
An. de Ch. vol. Ixxviii ) 

The scales ubove ^escribed as forming upon the sur- 
face of heated Copper, are composed of the higher oxide, 
but retain some particles of Metal. By exposure to 
heat the whole becomes a uniform black powder. The 
same substance is obtained by precipitating a solution 
of Copper in nitric Acid, with a caustic, fixed alkali : 
and exposing the precipitate to a red heat to drive off 
the water. 

The black oxide last described is chief!) found in the 
Salts of Copper, and was heretofore considered the 
highest oxide; but Thenard obtained, by meuns of an 
oxygenated Acid, a still higher oxide of this Metal, (a.) 

If with Thomson, Prout, and Wollaston we consider 
the atom of Copper as 32, the constitution of these 
oxides will be, 

Oxygen. Copper. 

TIk? red oxide = 8 or one atom + 64 or two atoms. 
The black oxide = ft or one atom" 32 or one atom, 
funning a suboxide, and an oxide. 

But if with Thenard we call the atom of Copper ;= 64, 

Oxygon. Copper. 

The red oxide = 8 or one atom + 64 or one atomf* 
The black oxide = 16 or two atoms -f- 64 or one atom* 
forming a protoxide and a deutoxide. 1 

Thenard could not fix the constitution of his higher 
oxide. ' 

(826.) E. Chlorine readily combines with Copper- 
filings, forming a volatile chloride and a fixed subchio- 
ride of the Metal. These two compounds may also 
be obtained by evaporating the sub-hydrochlorate and 
the hydrochlorate of the Metal respectively, 

(827.) F. Unexamined, 

(628.) G. iodide of Copper is a brown, ingota* 
ble powder, formed by adding hydriodic Acid to solu- 
tions of the Metal, or by heating Copper in contact with 
iodine. 

(829.)'' II. Copper readily unites with phosphorus. 
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CkemUtry. Its carburet wasnot supposed to exkt, but Priestley 

'*my***' obtained it by passing the vapour of alcohol through 
a Copper tube ; the discovery is confirmed by Van 
Marum. (6.) Boron! silicon, hydrogen, and nitrogen, 
do not seem as yet to have been united to this Metal, 

(630.) I. Alloys of Copper are of frequent occur- 
rence in the Arts. Alloys have also been formed with 
potassium, sodium, arsenic, iron, (with difficulty,) 
nickel, cobalt, manganese, zinc, (common brass,) 
cadmium, tin, bismuth, and lead ; but in the last case 
the union is so imperfect that, by heating the alloy to 
such a temperature as to fuse the lead, it runs out 
leaving the Copper nearly pure. This is curiously seen 

* in heating Roman coins, . 

e (831.) K. Let it be remembered that almost all the 
Salts of Copper contain the black oxide of the Metal. 
The action of nitric Acid on Copper is very violent, 
nitrous Gas is evolved, and tlie solution produces a blue 
crystallizable Salt. No nitrate of the suboxicle exists, 
as by the action of nitric Acid oil the suboxide, one 
portion of Copper falls down in the metallic state, ami 
the other portion receiving its oxygen, a solution of 
the proto- nitrate remains. Without heat, concentrated 
sulphuric Acid has no action on Copper, hut at a 
boiling heat the Acid is partly decomposed. Sulphurous 
Acid (ias escapes, and a soluble sulphate is produced. 
The common blue vitriol of Commerce is a bisulphate. 
For a description of the numerous Salts of Copper, we 
must refer to the more complete Systems of Chemistry. 

(832.) L. Solutions of Copper are changed to a 
deep blue colour by addition of ammonia. Prussiatc 
of pota e s« gives a reddish brown precipitate, 1 he hydro- 
sulphurets a black, and gallic Acid a brown one. A 
plate of iron throws down the Copper in the metallic state. 

(833.) The uses of Copper in the Arts are so nume- 
rous and varied, that muny will occur to the recollection 
of every one. in Medicine, the sulphate bus been 
cautiously administered, but is an active poison ; in 
Surgery it is empfoyed as un escharotie. 
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# • Sect. XIII. — Tellurium. 

. (&34.) A. This Metal was discovered by Klaproth in 

one of the most productive of the ores of gold. The two 
JVlelals are found combined in the mines of Transyl- 
vania. 

(885.) B. Tellurium is extracted by dissolving.the 
gold-ore in uitro-imiriatic Acid. The solution is diluted 
with water and pure pptassa is added. Thus all the 
Metals are precipitated, together with a white powder, 
which is redissolvl’d by an excess of the precipitant. 
This alkaline solution is again acidified by hydrochloric 
Acid ; which throws down a precipitate. This powder 
k dried and heated with charcoal in a glass-retort. 
Metallic Tellurium is volatilized and forms brilliant 
metallic drops on the cooler surface^ or the retort. 

* # (636.) C. In colour.this Metal is between tin-white 

and lead-grey, with considerable lustre, and a foliated 
texture. Extremely light, fusible below a red heat, and 
• very volatile. • 
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(837.) D. When heated in 'the open air. Tellurium fortHt 
undergoes combustion and is oxidated. The oxide of V**!** 1 ^ 
Tellurium is capable of performing the parts both of a 
base and of an Acid ; so that if space permitted a full 
description of its properties, we ought to place the Tel* 
luric Acid as a Subsection. * 

(838.) E. Tellurium unites with chlorine, forming a 
white Solid.* 

(839.) F. G. Unexamined, except that the* iodide 
forms a red aqueous solution. 

(840.) H. A combination of Tellurium with hydro* 
gen was discovered by Sir II. Davy in 1809, and called 
Telluretted Hydrogen Gas, It possesses slightly acid 
properties, and therefore might with propriety be called 
Hydro-Telluric Acid Gas. It unites also with sulphur 1 
and carbon. 

(841.) X. The habits of Tellurium with other Metals 
are little known. It has been alloyed with potassium; 
but does not seem disposed to unite with mercury* 

(842.) K. A few of the Salts with oxide of Tellurium 
as a base have been examined by Berzelius ;• these are 
the sulphate, hydrochlorate, and nitrate. 

The same Chemist has also examined the tellurates, 
and described those of potassa, ammonia, lime, barytes, 
cgpper, iron, and lead. 

*(843.) L. Tellurium is recognised by its volatility; 
by being precipitated as a white powder from its solu- 
tion in nitric Acid ; by giving also an orange brown 
precipitate with Hydro* ul phuric Acid Gas. 

(S14.) M. Noue. 

References to § 13. 
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Sect. XIV.— Lead. 

(845.) A. Of the first discovery of Lead .we have no 
record, but it has been known from the very earliest 
times, as we find it frequently mentioned in the Mosaic 
writings. The Alchemists found reasons for identify- 
ing it with Saturn, under whose name they spoke of* it, 
and by whose symbol they represented it. Lead is rarely 
found native, but it forms a part of several compound 
minerals. Its sulphate, carbonate, phosphate, chro- 
mate, and molybdate, are found in greater or less abun* 
dance ; but it is from the sulphuret, (galena,) a very 
abundant ore, tliut this uscftil Metal is principally 
obtained. • 

(846.) B. The processes for obtaining Lead from its 
native sulphuret differ in some particulars, which depend 
upon the nature and richness of the ore. In general, 

,the # ore is trituruted and washed in running water to 
remove as much as possible of the earthy impurities. 

It is then roasted to drive off a part of thekulphur, an# 
subsequently fi/sed with charcoal or lime, for the com- 
plete reduction of any oxide that may be formed ; or for 
the final separation of any sulphur whk*h may remain 
in combination. The galena is however often suffi- 
ciently rich in an accompaniment of silver, to make it 
worth while’ jto submit it to a further process for the 
extraction of that Metal. It is remarked, that that 
galena which has a fine-grained fracture, exhibiting 
small, bright, curvilinear facetted is the richest in pre* 
cioua Metal, (a.) (4u) 

(847.) C. The colour of Lead is a bluish wiuui 
5 b2 
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Chfemtoiy. When in fusion it is bright like quicksilver, but rapidly undergo decomposition, and to be reduced to the state 

V i^v«»ip/ tarnishes and becomes covered with a crust of oxide, of the yellow oxide. Indeed there is no combination 

11$ exposure to air it becomes dim in a few hours, known in which the red oxide of Lead retains its con- 

acquiring a thin surface consisting of a carbonated stitution unchanged. 

oxide, and then undergoes no further change. Lead (851.) 4. The highest oxide of Lead is a puce** 
can scarcely he said to make any impression on the coloured powder, formed by dispersing the yellow oxide 

nerves of taste, but it developes a slight smell upon through a mass of water, and then passing a current of 

friction. It produces a bluish streak upon white sub- chlorine through the Liquid. There results a soluble 

stances'] Few Metals are less hard, for it yields to the hydrochlorate of Lead which « may be separated by 

4 nail. Its tenacity is by no means considerable, for, washing, and the peroxide of Lead is an insoluble pow- 

accordingto Mr. Rennie’s experiments, a wire 25 inches dor. Such is Proust’s method. It is, however, better 

ift diameter supported only 1 14 lbs. (o.) The ductility to put one part of the red oxide (rpinium) into a flask 

of Lead is not great, though it may with care be formed with five or six parts of diluted nitric Atjid, containing 
into wife ; and it scarcely can be said to possess any equal proportions of Acid and water. Heat the Liquid 
elasticity ; but its malleability is rather considerable, almost to ebullition and agitate it from time to time. 
According to Newton, the fusing point of Lead is about Thus a soluble nitrate of the yellow oxide is formed, 
540° Fahrenheit. Irvine found it 594°, (d.) and Crich- and the peroxide of Lead, insoluble both in water and 
ton, of Glasgow, states it to be 612°. (e.) By increased nitric Acid. That is to say, one portion of the minium 
heat,* the Metal boils and is volatilized. Hy slowly takes oxygen from the other portion, and passes to the 
cooling, ^t may be obtained in the crystalline form, state of peroxide, while the latter portion, being reduced 
Mongez describes these as quadrangular pyramids, and to the state of massicot, (2 oxides,) forms the soluble 
c Pnjot de Chornies obtained a polyhedron of 32 faces nitrate of Lead. The oxide is to be well washed when 
arising from the aggregation of six quadrangular the process is completed and carefully preserved in an 
pyramids. (/.) air-tight phial. 

(848.) D. Chemists have, in general, described Leed The atomic constitution of these oxides of Lead pre- 
ss uniting with oxygen in only three proportions, sent some difficulties which we have not space to 
Berzelius, however, describes four oxides of lead. discuss. 

J. The first, which he terms the suboxide, is the dark (852.) E. When Lead is placed in chlorine Gas, it 
powder which gradually forms upon the surface of does not undergo visible combustion, but 1 he Gas is 
• metallic Lead when left exposed to the air. (g.) Du~ absorbed, and chloride of Lead is formed. This chlo- 
long obtained the same oxide by distilling oxalate of ride is, however, more easily obtained by precipitation 
Lead to a dry powderin u glass-retort. Carbonic Acid from adding a solution of common suit to u solution of 
and carbonic oxide Gases are evolved, and the sub- nitrate of Lead. It is then found in the form of delicate, 
oxide remains as a dark grey powder. white, plumose crystals, which are, in fact, hexahedral 

(849.) 2. The next, or yellow oxide of Lead, is best prisms. By heat, these crystals are fused into pure 
obtained by precipitation from the addition of carbonate anhydrous chloride of Lead: the plumbum enrneum of 
of potassa to a solution of Lead in nitric Acid. The early authors. 

powder as it first falls is white, but being dried, and There exists also a subchloride of Lead, a white, in- 
^ heated neuriy to redness, it takes its true yellow colour, soluble powder, which takes a fine 1 , yellow colour by 

This substance is without taste or smell, is insoluble in application of heat. It is formbri by decomposing a 
water, but soluble in potash or Acids. By beat it small quantity of common salt in a great excess of 
easily vitrifies, and by a considerable heat it is capable litharge diffused through water. 

of%olatilizulion, but if so heated with free exposure to (B53.) F. If hydrofluoric Acid* he poured into a solu- 
* the air the surface passes on to a red colour. ( h .) (/.) tion of acetate of Lead, a precipitation tukes place »n 

The Ma s*irat of commerce, is in fact, the yellow oxide the form of brilliant lanqme insoluble iu water, very 
of Lead formed by exposing Lead to beat, and removing soluble in nitric, hydrochloric, hydrofluoric Acids, and 
the oxide as fast as it forms upon the surface of the fusible at a red heat. This is crtt.siderec!, by some, the 
fused metal. This powder lias at first a dusky-green fluoride of Lead, and not the h)drofluate, because of 
colour, being a mixture of true oxide and metallic its insolubility in water. 

Lead, but by longer exposire to heat in an open vessel (854.) G. By heating iodine and Lead together, the 
more oxygen is absorbed, and complete massicot is iodide of Lead is readily formed. It a fine, yellow, 
formed. waxy-looking substance. The same compound is pro 

White Lead , so much used as a pigment, is a com- dueed as an insoluble precipitate whenever a solution 
.pound containing the yellow oxide of Lead and carbonic of "any hydriodate is added to a solution of a Salt of 
Acid It is formed by exposing thin plates of Lead to Lead. This precipitate is of a beautiful, citron colour, 
the vapour of hot vinegar. a (855.) II. The combinations of Lead with azo 4 e, 

(850.) 3. The next oxide of Lead is*of a bright red hydrogen, boron, or silicon, are as yet unknown, 
colour, and is known in the Arts by the name of (85fl.) Carburet of Lead is* a black powder, very 
or Red Lead . It is easily funned by exposing easy of reduction, formed by Jieating together a mixture 
finely powdered massicot in such a furnace, that the of finely-powdered charcoal and oxide of Lead in a 
flame may constantly play upon the powder which is closely-luted crucible. It may also be formed by 
constantly stirred so as to expose fresh surfaces. The moderately heuting a precipitated prussiate of Lead ; 
process is continued forty-eight hours. (A.) in this case, .nitrogen escapes and carburet of Le&& 

Minium is a tasteless powder of very high Specific remains. 

Gravity; by exposure to a red heat if parts with u por- (857,^ Sdeniuret of Lead* When selenion and Lead 
tion of its oxygen and fuses into a dark brown glass, are heated together, an intimate union takes place, and 
It is acted upon by Acids, but in every case seems to more he&t is evolved. A grey, porous mass is formed 
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Chemistry, which is not fusible at a red heat, but is soft, and takes 
**~%s*mS * silvery polish. (/.) 

. (858.) Phoaphuret of Lead may be formed by drop- 
ping bits of phosphorus into melted Lead ; or by heat- 
ing in a crucible equal parts of glass of phosphorus and 
Lead-filings. This substance may be cut with a knife, 
but is not malleable. Its colour is silver-white, inclin- 
ing to blue, but it tarnishes by exposure to air. (m.) 

(859.) Sulphuret of Lead is easily formed by drop- 
ping pieces of sulphur into melted Lead, or by placing 
alternate layers of the two substances in a crucible in 
continued proportion, three of Lead to one of sulphur, 
and giving a moderate heat. Sulphuret of Lead thus 
*' formed is of*a deep blue-grejr colour of considerable 

* brilliancy, less fusible than pure Lead, and very brittle. 
Heat does not decompose it ; oxygen is not acted upon 
by it at an ordinary temperature ; but by a moderate eleva- 
tion of temperature it passes into sulphate of Lead, and 
sulphurous Acid, while by a further increase of tem- 
perature, a part of the Lead is reduced. This is iden- 
tical with the mineral galena. 

Professor Thomson states, that, “ besides the com- 
mon sulphuret of Lead, there occurs another occasionally, 
lighter in colour and more brilliant, which hums in the 
flame of u candle, or when puff upon burning coals, 
emitting a blue flame. It contains at least 25 percent, 
of sulphur. It is, therefore, a Bisnlphvret of Lead. 
This variety has not hitherto been noticed by Minera- 
logists, neither has it been made artificially by Che- 
mists.” (//.) 

(860.) 1. Lead combines readily with several other 
Metals. When fused with go/d, it enters into intimate 
combination, and when even small in quantity, it, 
greatly impairs the colour and ductility of the nobler 
Metal. With*i7«v it forms a very fusible compound, 
but of inferior tenacity and hardness. The same is true 
of the alloy of Lead and platina . The alloy of Lead 
and copper is u» hritfje, grey substance. It. had been 
thought that mui'coultl not be combined with Lead, but 
Muschenbroeck united 131 parts of Lead with 400 of 
iron, and formed a hard alloy, but inferior to iron in 
tenacity. Morveau showed, that when the two Metuls 
are heated together, Jwt* distinct alloys are formed, the 
. one at the top of the crucible, containing very little 

* Lead, the other a button of iron at the bottom, but 
combined with a small quantity of Lead, (o.) This Metal 
readily unite# witluyyo/am'y/m and sodium. Ganelin 
formed the alloy of cohaV and Lc4td, by placing powder 
of cobalt between plates of Leud, and submitting them 

* to heat in a crucible well covered with charcoal ( p .) 
Ginelin also cammed carefully the alloys of Lead and 
mtinc ; the Metals seem to unite in almost every pro- 
portion. (7.) Bismuth was combined with Leud by 
Muschenbroeck, and formed u brittle alloy. The alloy 
of Leud and arsenic is brittle, having a foliated struc- 
ture. Mercury dissolves Lead, and the amalgam 
seems to retain its physical properties much in propor- 
tion to the quantities of its respective ingredients. 
When the* Lead is in ,such quantity as to produce a 
mass nearly solid, certain crystalline facettes are per- 
ceptible. 

(861.) K. Acids for the most part act upon Lead or 
m its oxides. The Salts thus formed htfve a sweet taste. 
One oxide alone, the yellow, seems to form the base of 
its Salts; for if the other oxides be employed in solution, 
oxygen is evolved, and a SaH of the yelfow oxide 

# results* • 
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Cold, Sulphuric Acid has scarcely any action upon Bit U. 
Lead, but when boiled upon it* there is an evolution of wvm 
sulphurous Acid Gas, the metallic oxide is formed, and, 
combining with the sulphuric Acid, produces a white 
pulverulent substance, which is sulphate of Lead with 
some excess of Acid. A portion, also, is dissolved in 
the Acid, and may be reduced to acicular crystals, by 
evaporation! A neutral sulphate is, however, more 
regulurly formed by adding a solution of any*Salt of 
Lead to a solution of an alkaline sulphate. The white 
precipitate, which is sulphate of Lead, iy almost insolu- 
ble in water. # 

(862.) Sulphurous Acid does not act on Lead ; but 
if the red oxide be placed in this Acid, a saline mass is 
formed, consisting of both sulphate and sulphite of the 
yellow oxide. Sulphite of Lead is formed, also, by 
immersing the white oxide obtained from the nitrate in 
sulphurous Acid. 

(863.) Hydrochloric Acid has but slight actioisupon 
Lead even when heated. When muriatic Acid is 
digested in the red oxide, the Acid is partially decom- 
posed, as also the oxide ; hydrogen from the former 
unites with a part of the oxygen from the latter, so that 
a chloride of the yellow oxide results; the excess of 
4ci d serving as a solvent, the Salt ultimately crystallizes 
in delicate, silky prisms. ( Fide E.) But to obtain this 
neutral muriate most readily, let a soluble Salt of Lead 
be added to any alkaline muriate; acetate* of Lead, for 
instance, to muriate of soda. This Salt is soluble in 
30 parts of water, and readily fuses by heat. # 

(864.) Nitric Acid forms several compounds with 
Lead, so as to produce rather a complicated series of 
Salts. Nitric Acid, slightly diluted, dissolves Lead 
with rapid evolution of nitrons Gas. From this solu- 
tion, or from a solution of the yellow oxide in Nitric 
Acid, octohedral, diaphanous crystals are easily obtained. 

This seems to be the anhydrous nitrate of the yellow 
oxide, (r.) The other combinations of these substances 
have been examined by Chevreul and Berzelius, and 
to their Memoirs vve must refer the reader, (*.) They 
are well described in Thomson’s System of Chemistry. 

(865.) Phosphoric Acid acts slowly upon Leud. But 
the phosphate of Lead, a flaky white precipitate, is easily 
formed by adding a solution of phosphate of soda to 
nitrute or acetate of Lead. This substance is inso- 
luble in water, soluble in nitric Acid, and is decom- 
posed by the muriatic and sulphuric Acids. Berzelius 
has described, also, a superphosphate and a snbphos- 
phnte. (/.) • • 

(866.) Phosphite of Lead is formed by adding a hot, 
concentrated solution of muriate of Lead to a solution 
of phosphite of ammonia, the precipitate is a flocculent, 
white powder. 

*(867.) An insoluble, white precipitate of Borate of 
L*ad is formed by adding a solution of borax to nitrate 
of Lead. • • 

(868.) Caftonate 'of Lead is found native, or is 
readily obtained by adding an alkaline carbonate (o any 
solution of a Suit of Lead. * * 

The oxides of Lead hav^ never, in common language, 
been considered as performing the part of Acids, never- 
theless 1 they have, in general, a strong degree of affinity 
for the earthy oxides. Solutions of potash, or soda, 
will dissolve and hold in solution a portion of oxide of « 

Lead. Lime, when boiled wi(h it in water, does the 
same, and minute crystals may he obtained by evapo- 
ration* By , fusion, all the earths unite with the oxides 
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Chemistry, of Lead forming differently-coloured enamels ; and of 
all i\ tit metallic oxides, that of Lead forms the strongest 
flux for promoting the vitrification of earthy substances. 
80 Vrprig is the affinity of oxide of Lead for the Acids, 
that it will decompose sortie neutral Salts when dry. 
Thufs if oxide of Lead and muriate of ammonia be tri- 
turated together, ammonia is evolved, and by the aid of 
heat a complete decomposition may be effected. Mu- 
riate of soda is capable of a similar decomposition. 

»• (869.) L. Numerous characteristics distinguish Lead 

and its Salts; the latter, if soluble at all, give a colour- 
less Liquid. They have a sweet taste, and are strongly 
styptic. Hydrosulphuret of potash, sulphuretted hy- 
drogen, and, in short, sulphur in any of its forms, pro- 
duces a copious black or deep-brown precipitate. 
Prussiate of potash, gallic Acid, and infusion of galls, all 
produce white precipitates. Zinc precipitates the Lead 
in a pure, metallic state. Sulphate of soda is used as a 
* test of Lead producing a white precipitate. Hydrio- 

date of potash produces a beautiful, bright, yellow-co- 
loured precipitate. Vauquelin has shown that the pre- 
cipitates thrown down from the Salts of Lead by the 
i alkalis are subsalts, (i/.) The most satisfactory proof 
that a precipitate contains Lead, is obtained by reducing 
* it by the blow-pipe on charcoal. The polyhedral foryi 
which the irreducible, enamel-looking globule assumes 
upon cooling, after it has been fused by the blow-pipe 
on charcoal, is a good proof of Lead which has been 
precipitated by a phosphate. 

« 44 The uses of Lead are extensive. As it is flexible, 

easily reduced to thin sheets, and easily united by solder, 
it is used in making pipes for conveying water, Inrge 
boilers, and vessels of different kinds. It is cast into 
thin sheets for covering buildings. Its oxides are used 
as paints. • They are also employed in the manufacture 
of the finer kinds of glass, to which they communicate 
density, a higher refractive power, a greater equality of 
texture, and a greater susceptibility of polish : hence, 
they enter jnto the composition of the pastes which 
imitate gems. They form, in combination with earthy 
matter, the glazing of the inferior kinds of earthenware. 
There is some reason to doubt, whether the use of Lead 
in pipes for conveying water, or in vessels for contain- 
t ing it, be altogether safe; Lead, immersed in water, j9 

covered at length with a white crust of oxide or cur- 
bonute , and this Metal is the most insidious, and, at 
the same time, one of the most destructive of the mine- 
ral poisons. In water, however, which has been con- 
veyed through pipeff of Lead, no truce of the Metal can 
be discovered by the most delicate test, sulphuretted 
hydrogen. Even water kept in cisterns of Lead, 
where* the exposure to the air is more free, seems not 
to have, in general, any sensible impregnation; this 
may arise from the depositc of earthy matter from 
’the water covering the Lead. The observations of 
Guyton too, on the effect of the presence of a little 
saline matter in preventing its 'action* on Lead, may 
serve to explain how the practice of keeping water 
which "is used as drink in cisterns of Lead, is not more 
injurious than it appears to be. Some facts appear to 
prove, that river water is more liable to receive an 
impregnation from leaden vessels than spring water is, 
probably from the Salts in the former being chiefly 
muriates, while in the latter they are sulphates or car- 
bonates. The use of earthenware glazed With oxide of 
Lead is hazardous, as the glazing is soon eroded by 
any acid liquor, and a noxious impregnation comma* 


nicated ; and many fatal accidents have occurred from Itoi ll 
the use of Lead in the fabrication of vessels in whi#t 
wine, cider, and other fermented liquors, are prepared 
or kept.'* 

Minium and massicot have been already noticed. (D ) 
Litharge, another common preparation of Lend, is sup- 
posed to contain the yellow oxide, with, perhaps, the 
admixture of some carbonic Acid ; it is formed during 
the process of cupellution by directing a strong current 
of air upon the surface of the fused Lead which thus 
carries off the oxide in a semivitrifled, or crystalline 
state, in flue scales as fast as it is formed. If litharge 
be fused by a stronger heat into a compact mass, it 
goes by the name of Glass of Lead, 

In consequence of the sweet taste of the Salts of Lead, 
they have at times been employed to correct the flavour 
of bad wines. This most pernicious adulteration is 
readily detected by what is generally called Hahncman's 
IVine Test , having the advantage of precipitating Lead 
but not iron. 44 It is prepared from sulphuret of liine 
(formed by exposing equal parts of sulphur and oyster- 
shells to a white-heat tor 1 5 minutes) and supertartrate 
of potash. 120 grains of the sulphuret and 180 of the 
supertarrrate are put into a bottle, which is to be filled 
with 16 ounces of water that has been previously boiled 
and suffered to cool The liquor having been re- 
peatedly shaken, is to he poured ofl* clear into phials 
which hold about one measured ounce; into each of 
which about 20 drops of muriatic Acid has been put; 
and they are well corked. One part of this solution 
mixed with three parts of the suspected liquor will dis- 
cover, by a black precipitate, the smallest quantity of 
Lead, while it does not precipitate iron; the tartaric and 
muriatic Acids retaining iron in solution when com- 
bined with sulphuretted hydrogen.” ( v .) Burgundy, 
and all wines which hold tartar in solution, will not 
retain an adulteration of Lead, as the tartrate is inso- 
luble. Lead taken internally e is ap active poison. 

Small quantities of the acetate are sometimes given as 
a styptic in cases of internal hemorrhage. Its solution 
is employed ns a sedative application to inflamed sur- 
faces and scrofulous sores. When greatly diluted, it 
forms a good eye- water. Goa* land's Extract, the sub- 
acetate, is indeed a valuable article in Pharmacy. The 
deleterious effects of Lead may be seen in the specific 
disease which afflicts house-painters, and has the name 
of Colica VLctonum. A disease mjich similar prevailed 
formerly in the cider* Countries, from placing the f cider 
in leaden vats. Its evil effects are chiefly of a parujytic J 

form, wheu taken for some time in small quantities. A 
large dose will act as a poison : the hestjintidote for any 
one that cannot he ejected from the stomach, is a quan r 
tity of sulphate of soda dissolved in water. 

« «. 
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METALS, CLASS V. 

Serf. I. — Mercury. 

. (870.) A. The early history of this Metal is entirely 
involved in the obscurity of distant Ages. Its uses 
* in the separation of other Metals are among the earliest 

* recorded metallurgy processes. ( a .) 

(871.) B. The ores of Mercury are numerous. The 
process by which the pure Metal is chiefly obtained is 
by putting the richest ore, carefully picked, into retorts 
with some lime just sLaked by exposure to air. Heat is 
applied, and the Mercury is condensed in a cool receiver. 

(872.) C. This is the only Metal permanently fluid 
at our ordinary atmospheric temperatures. It freezes 
at — 39°, or — 40° Fahrenheit ; at 680° on the common 
Mercurial scale, or 662° on that scale corrected, it boils, 
and rapidly distils over. Its vapour has high expan- 
sive force. 

(873 ) D. Mercury undergoes oxidation by agitation 
in a bottle with atmospheric air. The oxide so formed 
was called JEthiopa per »e 9 by Boerhaave. This black 
oxide is, however, better obtained by boiling calomel 
with an excess of caustic alkali in solution. 

Another oxide is formed by exposing the Metal, for 
several days, to a high temperature, in a flat glass-vessel 
freely exposed. The red oxide so obtained was formerly 
called Precipitate per se. The oxides of Mercury are 
reduced by mere exposure to heat in a retort. The 
two oxides of Mercury are true protoxide aud deut- 
oxide. , t 

(874.) E. Mercury readily forms two chlorides. 
Calomel is (he protcxihloride, and Corrosive Sublimate 
the deutochloride of this Metal. 

(875.) F. Unexamined. 

(876.) G. There aje tavo iodides of Mercury. The 

* t protiodide is formed by mixing a solution of the proto- 

* nitrate of Mercury with the hydriodute ofpotassu. The 
deutiodide by mixing the dfivne hydriodate with a solu- 
tion of any depto-sa4«of Mercury. 

(6^7.) II. Mercury combines flitli sulphur, forming 
s a si^lphuret and bisulphuret. The latter, known by the 

. name of factitious Cinnabar , is formed by fusing sul- 
phur with six times its weight of mercury, aud collect- 
ing the sublimate produced in close vessels. When re- 
duced to fine powder, this same substance is Vermilion. 
JEthiops is formed by trituruting together etpial 

purls of Mercury and sulphur. Mr. Braude has shown 
tlyit it is a njixturc of sulphur aud bisulphuret of Mer- 
cury. (6.) 

(878.) I. Of these, substances, selenion alone has 
been combined with Mercury. 

(879.) K. The sulphuric, nitric, and some other 
Acids dissolve Mercury. Two distinct classes of Salts 
are formed by its respective oxides. In a more ex- 
> tended Treatise these ought all to be described. Here, 

# however, that is not possible; and as it is'obvious to the 
vgwtar, that in thus abbreviating our description of this 
Metal, we are treating of St fas’ less fully tban^nany of 

* the other Metals, aud especially than that described in 
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the last section, we state once tor oil* in apology to 
those who may make the remark, and with justice, that 
the inequalities of that sort, which are considerable, in 
this Treatise, arise from cirqpmstances which the author 
has not been able to control. f 

(680.) We must not, however, omit to notice a 
curious detqnating compound of Mercury described by 
Mr. Howard, (c.) It is formed by dissolving 100 
grains of Mercury in a fluid ounce and half of nitric 
Acid, of Specific Gravity 1.3 ; and when cold, pouring 
the solution gradually into two ounces of alcohol. Spe- 
cific Gravity 0.849. The mixture is then to be gently 
heated in a flask, or retort, over a lamp, till a brisk 
effervescence ensues. A dun-coloured precipitate falls 
clown, which is to be most carefully dried over a water- 
bath ; and this is the fulminating Mercury. This com- 
pound will bear a heat somewhat above 212° without 
explosion ; but any further elevation of temperature, or 
friction with hard substances, or percussion, occasions 
instant am! violent explosion. From silver^a similar, 
but still more violent compound is obtained. See Ful- 
minating Powders in our Miscellaneous Division. 
M. Liebig proved, ( d .) that this substance is a Salt con- 
taining a peculiar Acid; and MM. GayLussac and Lie- 
bfrg have made a further analysis of that Acid, (e.) From 
tlleir experiments, the Acid appears to consist of cyanogen 
and oxygen, so as to be a true cyanic Acid. 

(881.) L Solutions containing Mercury give a white 
precipitate with prussiate of potassa, a black one with 
hydrosulphates ; a white one with hydrochloric Acid ; • 
orange yellow with gallic Acid; and a plate of copper 
throws down the Metal pure. A neat test of Mercury is 
mentioned in the very \alnable Work on Medical Juris- 
prudence by Paris and Fonblanque. Place a drop of a 
Liquid, suspected to contain Mercury, on h polished 
plate of gold. Touch the moistened surface with the 
point of a knife; if Mercury be present, the point 
touched instantly becomes white from the formation of 
an amalgam of Mercury and gold. • 

(882.) M. Mercury has many uses in the Arts, in 
Metallurgy processes, and in Medicine. 
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Sect . II. — Nickel. * • 

(883.) A. Nickel was first recognised as a distinct 
Metul by Cronstadt in 1751, aud his experiment^ were 
confirmed by Bergman in 1775. Kupfer-nickel, false 
copper , was the minor term for the ore, and the latter 
word was retained by Cronstadt as its distinctive name. 
It is foOnd a&avery impure metallic alloy, and in the 
state of an oxide. It is also considered the colouring 
matter of Chrysoprase, ‘ , 

(884.) & The’ analysis of Kupfer-nickel is compli- 
cated, but dn easy method of obtaining the pure Metal 
in proposed by Thomson. Dissolve the Nickel of Com- 
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Chem'utry. merce (speiss) in sulphuric Acid, adding a small quan- 
tity of nitric Acid to promote oxidation. By conceit* 
tration, green crystals of sulphate of Nickel are obtained; 
and, for further purification, some of the first formed and 
purest are washed, and again dissolved in water, and 
submitted to a second crystallization. By adding an 
alkali to a solution of these in water, pure oxide of 
Nickel is obtained. Let this be mixed with three per 
t cent, of resin, formed into a paste with oil, and exposed 

to a forge-heat in a charcoal crucible, a button of pure 
metallic Nickel Is obtained. 

(885.) C. Pure Nickel is nearly as white as silver, 
i but with, a slight cast of yellow. It is malleuble, and 
rather softer than iron. Its Specific Gravity, when 
fused, is 8.03, but by hammering it, it is brought to 8.82. 
Its fusing point is at least 160° of Wedge wood. Nickel 
possesses permanent magnetic properties, and, accord- 
ing (n Lampudius, its energy is to that of iron as 
' 35 to 55. 

(886.) By exposure to heat, Nickel tarnishes but does 
not oxidate. If, however, the Metal is dissolved in 
• nitric Acid, the precipitate given by potassa after ex- 
posure to a red heat, is the protoxide and of a bluish- 
g brown colour. Thenard obtained the next, u hemideut- 
oxide, by passing a current of chlorine through watl'r 
holding protoxide of Nickel suspended in it ; a portion 
is dissolved, and the remaining black powder is the hemi- 
deutoxideof this Metal 

(887.) E. Nickel does not instantly combine with 
1 chlorine, but by leaving the substances in contact, a 
chloride muy be formed * a more ready process, how- 
ever, is to expose the muriate to a red heat. 

(888.) F. Unknown. 

(889.) G. The iodide of Nickel, a greenish precipi 
tate, is formed by adding hydnodate of potassa to a 
solution of the sulphate or nitrate of the Metal. 

(890.) H. Nickel has been united to sulphur, phos- 
phorus, selenion, and carbon, but does not combine 
~ with nitrogen or hydrogen. Of its habitudes with 
boron, or silicon, we are ignorant. 

(891.) 1. Nickel combines with gold, copper, tin, 
and arsenic, forming brittle alloys, but its compounds 
with silver and iron are ductile. Arsenic entirely de- 
• stroys its magnetic properties, as it also does those of 

iron and cobalt 

(892.) K. Both Nickel and its oxides are readily 
soluble in nitric Acid with heat, and a nitrate is ob- 
tained in rhotnboicWl prisms, which, according to Berg- 
man, first deliquesce, and finally effloresce, and fall to 
powder. Proust describes a subnitrate also, and The- 
nard a double nitrate of Nickel and ammonia. 

Sulphuric Acid dissolves the oxide, and also the 
Metal ; if aided by the addition of a few drops of nitric 
• Acid the sulphate readily crystallizes. Sulphate of potash 
<end Nickel,, of ammonia and Nickel, and of iron and 
Nickel, have also been described. , 

Hydrochloric Acid scarcely attacks the Metal, but 
dissolves the r oxide, and a crystalline hydrochlorate is 
produced, with properties like those of the nitrate. The 
i following Acids do not attack the Metal, but produce 
precipitates of insoluble Salts, on the addition of their 
neutral Salts to neutral solutions of Nickel. Carbonic, 
phosphoric, (and this has a slight action on the oxide,) 
boracic, selcnic, (but the biseleniate is soluble,) and 
molybdic. 

The oxalic Acid attacks Nickel if slightly heated, 
• and a greenish, insoluble oxalate is deposited. It may 


also be produced by dropping oxalic Acirl into a Salt of 
Nickel in solution. Acetic Acid also dissolves Nickel* 
and a very soluble Salt results. No precipitate is pro* 
duced by adding benzoate or succinite of ammonia to 
solutions of Nickel ; hence these Salts are considered 
soluble. The arseniate also is soluble ; but the chro* 
mate, formed by suffering chromic Acid to act upon the 
carbonate, gradually deposits itself in a pulverulent 
form. f 
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All the Salts of Nickel are of a green colour, and 
appear to contain the protoxide, which is also soluble 
in ammonia. On this property Thenard has founded, 
his process for separating Nickel from r cobalt. (A n, 
de Chim. vol. 1.) A solution of the two Metals is 
precipitated by an alkaline carbonate. By the addi- 
tion of oxymuriate of lime, the cobalt is converted into 
the peroxide. Ammonia will now take up the oxide of 
Nickel only, which maybe regained by evaporation. 

Nickel is soluble also in ummotiia. 

(893.) L. In neutral solutions of Nickel, hydro- 
sulphuric Acid Gas produces no change, but hydrosul- 
phate of potash gives a black precipitate. Prussiate of 
potash, a white or greenish one ; and infusion of galls 
gives, with some Salts, a grey precipitate, but, according 
to Thomson, with the*sulphate none at nil. The caustic 
alkalis produce white, and their carbouatcs apple-green 
precipitates. No Metal produces one precipitation. 

(894.) M. The only purpose to which Nickel has 
been applied is in the formation of magnetic needles, 
for which, if plentiful, it might sometimes be useful 
where steel would rust. From some recent experi- 
ments of Stodurt and Faraday, Quarterly Journal , 
vol. ix., the alloy of Nickel and iron would be service- 
able in the Arts, being less liable to rust than common 
iron; but it is singular that Nickel alloyed with steel 
increases the tendency to rusting. By tar the greater 
part, und, until lately, it was thought that all the me- 
teoric stones which have fallen front the atmosphere 
contained Nickel. Laugier (Mem. d& Museum , vol. vi.) 
asserts chromium to be a more" constant ingredient; 
but, be this as it may, severuf masses of native me- 
tallic iron, which from their situation upon the sur- 
face of the earth appear to he of meteoric origin, contain 
more or less Nickel. The blades of the knives used by 
the Esquimaux tribe, found, in the late Northern voyages 
of discovery, were of this kind. 
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Sect. III. — Osmium. 

(895.) A. Osmium was so called by Professor Ten- 
nant from the peculiar and pungent smell (o<t/m)) ft* , 
volatile oxide. This smell, according to Fourcroy and 
Vauquylin, Is similar to that of chlorine; and to their 
examination of this substance we owe some information, 
though "they confounded this Metal and it^iwn ioge- 
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Chemistry. th*r. The existence of this Metal in a native alloy 
w 0 ** v m*' with iridium, among- the grains of crude platinum, has 
been already noticed. 

(896.) B. To obtain metallic Osmium, the alkaline 
solution mentioned in the section on iridium, is to be 
mixed with sulphuric Arid, and submitted to distilla- 
tion. The oxide of Osmium passes over with some 
water; metallic mercury is agitated with this solution, 
and abstracts to Osmium, forming an alloy. By sub- 
sequent distillation, the mercury is separated, and the 
Osmium remains. 

. (897.) C. Osmiiijn is a dark-grey powder, and as it 
has never yet yudcrgone sufficient heat to reduce it to 
' a mass, its physical properties are quite unknown. 

(898.) D. When Osmium is healed with exposure to 
air, it oxidates and sublimes, but it is very probable that 
the pure Metal is not volatile. Oxide of Osmium may 
be readily procured by mixing the black powder with 
nitre, and distilling at a low jieat. Oxide of Osmium 
rises into the neck of the retort in the form of an oily 
fluid, which by cooling becomes a solid, semitransparent 
mass, soluble in water. According to Vauquclin, pure 
oxide of Osmium exists in the form of transparent 
crystals, having a strong and caustic taste. Very soluble 
in water, and capable of blackening animal and vege- 
table substances. There is strong reason for suspect- 
ing that oxide of Osmium enters into combination wiili 
alkalis. 

(899.) E. With chlorine, Osmium combines, appear- 
ing at first to melt, and assuming a green colour, and, 
filially, forming a brownish-red liquid. 

(900.) F. G. 11. Unknown. 

(901.) I. Osmium has been alloyed with gold and 
copper. 

(902.) K. On this head also very little is known by 
direct experiment. According to Tennant, Osmium re- 
sists the action of all Acids; but according to Vauquclin, 
it is soluble in the hydrochloric and nitro-muriatic ; but 
of any Salts with okide of Osmium as a base, wc are as 
yet ignorant. 

(903.) L. Solutions of oxide of Osmium become 
yellow by the uddition of ammonia and carbonate of 
soda. Magnesia product no effect, but potassa and 
. lime produce yellow precipitates. The most striking 

* test of Osmium is infusion galls, which produces u 
blue colour in solutions of this Metal. If iridium also 
is present, the •infusimtl of galls first destroys the red 
colouaof the iridium in solution, and then developes 
the beautiful blue of the oxide of Osmium. Copper, 

• tin, stinc, and phosphorus cause a metallic precipita- 
tion. » 

*(904.) M. None. 
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METALS. CLASS VI. 

Sect. I. — Silver. . 

• * # * * 

(9l>5.) A. Silver has been known apd employed from 

the very earliest times. There are several ores of 
Silver in which it is combined with sulphur, with by 
drochloric Acid, with antimony, arsenic, and jfiercury. 
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It is also found native, but not in a state of perfect ptftib 
purity, and from this source the first knowledge of the 
Metal would probably arise. • 

(906.) B. The rich ores of native Silver found at 
Konigsberg, arc fused with an equal weight of lead* by 
which an alloy is formed, and finely purified by cupel- 
latiou. Thq Freyberg ores, which contain but little 
Silver mixed with much pyrites, are mixed with com- 
mon salt and roasted in the reverberatory furnace. The 
frit is then pulverized and washed ; und by the addi- 
tion of mercury an amalgam is formed, \Vhi eh is drained 
from the earthy and saline mutters. It is then snlv 
mitted to pressure in a bag, by which means tfye liquid 
mercury is separated, and the more solid alloy remains 
for final purification, by distilling off* the remaining 
mercury in heated earthen retorts. In Mexico and Peru 
the process is nearly the same. 

Silver is also obtained in considerable quantities 
from some varieties of galena, native sulpliuret of lead. 

For Chemical purposes, pure Silver is bestfobtained 
by a process recommended by M. Gay Lussac. (a.) 
Precipitate the Silver from its nitrate by a plate of 
copper; digest the precipitate in a weak solution of 
nitrate of Silver; by which anv adhering copper is taken 
ujf, and pure Silver deposited in its place. 

(907.) C. Silver is the whitest Metal at present 
known, and capable of receiving a very high degree of 
brilliancy from the burnisher. It has neither taste nor 
smell. Jts hardness is superior to that of copper, but 
inferior to that of gold. Its Specific Gravity 10.39 — * 

10.51. Its ductility and tenacity are of the highest 
order, and in malleability it is inferior to gold only. It 
may be beaten out into leaves of one hundred-thou- 
sandth of an inch in thickness. It fuses at # a full red 
heat, which has been estimated at about 1000° Fahren- 
heit, or according to Dr. Kennedy, at 22 VVedgewood. 

By a greatly increased heat, it is capable of volatiliza- 
tion. This is effected either by the flame of oxygen 
and hydrogen from the Gas blowpipe, or as* Vauquclin 
found, by a current of oxygen alone upon charcoal. By 
slow cooling and pouring off* some portion while still 
fluid, four-sided pyramidal crystals may be produced^ 

(908.) IX By exposure to the air or to water. Silver 
does not undergo oxidation, but by long continued heat 
in an open vessel it may be converted into a greenish- 
brown oxide : Galvanic Electricity and the common 
Electric discharge produce the same effect. The same 
oxide is produced by precipitating a solution of Silver 
in nitric Acid with lime-water. This oxid^ is insoluble 
in water, but soluble in several Acids, und in ammonia. 

If the ammottiutul solution of this oxide be exposed 
to the air, a pellicle, consisting of a black powder, forms 
upon the surlace, which Mr. Faraday considered a 
peculiar oxide; and from a repetition of his experi- ■ 
ments, Dr. Thomson coincides with him in opinion. • 

(909.) E. When Silver is heated in chlorine, the 
Gas is gradually absorbed, and a chloride of Silver is 
obtained. It is easily termed also by acting any hy- 
drochlorate, or a solution of. chlorine, to a solution of 
nitrate of Silver, in which cases it instantly forms a 
white, curdy .precipitate. This substance, formerly 
called muriate* of Silver, is fused into a greyish mass, 
but undecompQsed at a red heat ; and this is the hum 
Silver of o(der Chemists and Mineralogists. It is 
soluble in ammonia, and decomposed by alkaline car* 
bonates, while the pure alkalis and Acids have no 
effect upon it* Being a most definite compound, It is 



m 


CHBMISTR Y. 


Cfaemiatry. tti* usual state in which Silver is separated in analysis; 

and after a low red heat, its weight affords, by calcula- 
tion* an accurate estimate of the Silver acted upon. 
The chloride is easily reduced, by fusion in a crucible 
with twice its weight of carbonate of potash or soda, 
a button of pure Silver resulting. It is also decom- 
posed by trituration, or fusion with several of the 
Metals, (b ) 

' ( 910 .) F. Dnexatnined. 

(911.) (i. By adding hydriodic Acid to a solution 
of nitrate of Silver, iodide of Silver is precipitated ; it is 
yellow, insoluble in water or ammonia, but is dccorn- 
t posed by beating it with potash. 

(912.) H. Silver does not combine with azote, 
hvdrogen, carbon, boron, or silicon. Pelletier formed 
its phosphuret ; and Berzelius is of opinion that two 
solemn rets exist. Silver appears to have a strong 
aflinjly for sulphur; the siilplunel is found native, and 
forms the tarnish wliii.li is so frequently seen upon 
Silver plfite; this arises from the lijdm.siilpliuric Acid 
Gas, which is produced by the decomposition of animal 
* and vegetable matter daily going on. The decoloration 
of a tea-spoon with which an egg has been eaten, arises 
from the same cause. 

(913.) I. Silver is alloyed with copper, for coinage^in 
England and most other Countries. It unites with iron, 
but vvitli slight energy, for in cooling mpidly, globules 
of Silver are forced as it were from pores in the mass; 
and by slow cooling, the Metals are almost entirely 
* separated in the order of their Specific Gravities, a 
mass of iron being found at bottom and Silver at the 
top. The same takes place with cobalt Silver pro- 
duces brittle alloys witlizim, arsenic, bismuth, lead, and 
till; malleable ones with gold, copper, platinum, and 
mercury. 

With nickel it refuses to unite. 

(914.) K. Silv ci is acted upon by some of the Acids, 
but not b» all. In the nitric, it is readily soluble, with 
~ the evolutftm of nitrous Gas. This solution gives to 

the skill, uml to all animal matter, an indelible black 
stain. It is capable of crystallization, is soluble in 
alcohol, and a part ol its Silver is reduced by exposure 
tif light. It is decomposed by a red beat, and when 
1 fused by a moderate degree of heat, and cast iuto moulds, 

forms the common lunar caustic. 

Sulphuric Acid acts on Silver only when heated, Gut 
aL the same I nne the Metal must be m a minute state 
of division. Phosphoric Acid does not act on Silver, 
but the phosphate may be indirectly obtained. For a 
full desinption ol the ^alts of Silver, we must refer to 
more extended Treatises. 

(915.) L. For die most part, the Salts of Silver 
are very sparingly soluble in water. They may be re- 
, duced, before the blowpipe, in charcoal. Solutions ef 
^Silver are precipitated by muriatic Acid, or the muriates. 
By sulphate of iron, the Silver is precipitated in the 
metallic state. By a plate ol copper, the Metal is thrown 
down nearly, pure. PrussiaLe ol potash gives a white, 
aiid the alkaline hvdrosulphnrcts a black precipitate. 

, In some of the saline solutions of Silver, ace. rdiug to 

Thomson, gallic Acid causes a yellowish-brown preci- 
pitate. * 

(91/>.) M, The alloy ol Silver with copper for coin- 
age in England, is. II. I of Silver to of copper. 
The best Silver plate is formed by uniting a plate of 
copper to the surface of u thin plate of Silver, and then 
• extending the inass by pacing it between steel rollers, 


after which it is ready to he worked up into various 1>trt Ik 
ornamental and useful forms. Inferior plate is manu- "V** 
factored by applying an amalgam of Silver to the surface 
of the copper, after some adhesion is effected ; the mer- 
cury is driven off by heat, and the Silver undergoes the 
operation of the burnisher. The brass dials of clocks, 
thermometer and barometer scales, &c. are silvered by 
rubbing upon them a mixture of whiting, pearlash, and 
chloride of Silver. A similar composition is often sold in 
small balls in the streets of London for beautifying old 
brass candlesticks. According to Stodart and Faraday, 
(Quarterly Jour. vol. i\.) an alloy of (juepurt of Silver with 
500 of steel is admirably adapted for the manufacture of 
cutting instruments. / udrhblr marking ink is made by 
dissolving ten grains of lunar caustic in half an ounce of 
gum-water ; with this ink, the linen is to be marked from 
a common pen, but to prevent the corrosive quality of 
the salt it is necessary to moisten the linen with a weak 
solution of pearlash, which > s suffered to diy before the 
ink is applied. It is a singular fact that if, instead of 
potash, soda be the alkali employed, the ink runs. 

'The A roar Dianas a beautiful experiment of the 
Alchemists, is fotnied by putting into a flask six drachms 
of a saturated M>huion of nitrate of Silver, and four 
drachms ol a saturated solution of nitrate of mercury, 
diluted with live ounces of distilled water; in this solu- 
tion place a small lump ol amalgam, consisting of seven 
parts of mercury wnli one of Silver. The flask is to 
remain perfectly quiet, and in a few hours a beautiful 
aiborescent precipitate is piodueed. 

Two very violent lulmm.oing compounds of Silver 
arc known to Chemists. The first was discovered by 
Berthollel, {An. dr Chun. vol. i ) and is thus formed. 
Precipitate a solution ot nitiate of Silver by lime-water. 

Wash the brown oxide thus produced in the open air, 
and let it be kept, dry m a well-closed phial. To pre- 
pale the fulminating compound, put ten or twelve 
grains ot this oxide into halt an ounce of ammonia 
perfectly caustic, and modeinmly dilute. The oxide 
blackens, and more or less is dissolved. Pour the clear 
solution into a shallow vo^d, and expose it to the 
action of the nir. in ten o»* twelve hours, the surface 
becomes covered l>\ a crysiirtluw pel ide, which is the 
fulminating Silver. This formidable substance is to ‘be 
removed while still wet, pi lumps not exceeding two 
grains, to biLs of blotting-paper, and suffered to dry, 

Even when wet, if will somclimVt explode by a touch, 
and when dry the touch ol a f satin r, or n bristle, will 
ignite jl ; the hlack powder winch remains in the solu- 
tion appears to possess the same properties; and so 
violent and uncertain is the action yf this substance, 
that it is one of the last experiments we should udvke 
a begimict to undertake. 

'The otliei fulminating Silver, though of great, power, 
may be procured with more safety, 'file process for its 
formation is described in Art. 1 (8S0.) See also Foil* 
mi mating Puwdlks, in our Miscrllp, neons Division. 

References to § l. 

(a.) An - dr Ch. vol. Ixxviii. (b.) Margraaf, Opusc . 
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Ck. vol lxxxix. 

Sect. II. — Palladium. 

(917,) A. Palladium was obtained by Dr. Wollaston 
in 1803. from crude platinum, with which it exists as a 
native alloy, and alsoimseparate grains, having a radiated 
structure. 

(918.) 11. The most simple process for obtaining it 
is by the addition prussiate of mercury to a solution 
of crude plutir^um, one thousand parts of crude platinum 
* containing seven of Palladium^ a Hocculent, yellowish- 

white precipitate of prussiate of Palladium is formed, 
which is easily reduced by beat to the metallic slate. 

(919.) (\ This Metal is nearly white, and has much 
the appearance of platinum. It is harder than wrought 
iron. Its -Specific Gravity h%s been stated from I 1.3 to 
about 12.14. It is malleable, and not very elastic. Bv 
exposure to heat and air, it undergoes no change. Its 
fusing point is somewhat below that of platinum. When 
strongly healed, its surface receives a blue tarnish by 
which it may be distinguished (mm platinum. 

(920.) 1). The only known u\nie was formed by 
Berzelius, who heated the tilings of the Metal with 
potash and a little nitre. Its colour was chestnut- 
brown. 

(921 ) E. The chloride of this Metal has not been 
examined. 

(922.) E G. Unknown. 

(9*23) II. Sulphur unites with Palladium. 

(924.) 1. Palladium has been alloyed with several 
Other Meta’s. 

(925.) K. Sulphuric Acid does not act freely on this 
Metal ; but when boiled upon it, some little is tuktii up, 
and a blue solution formed. Nitric Acid has rather 
more powcj, amWornn a beautiful, red solution. Hr 
dmchloric Acid, by aid of a boiling beat, produces a 
fine red solution. Bu\ nitro-mimatic Acid is the proper 
solvent of Palladium. 

This Metal unites also with potassa and soda by 
fusion. Ammonia see niff also capable of dissolving a 
. sTflall portion of the Metal. 

(92b.) L. Solutions of Palladium have usually a red 
colour. Ferro-hydroeyanate of potassa gives an olive- 
coloured precipitate.** llvdroMilpjmret of potassa a 
m dark -brown one. The alkalis an orange precipitate. 
By mercury und sulphate of iron, the Metal is prccipi- 
* tated in the metaflic state. Hydrochlorate of tin changes 
a very dilute solution to a fine emerald -green colour, 
btit in a concentrated solution produces a brown preci- 
pitate. llydrochlorate of ammonia produces no preci- 
pitation ; thus distinguishing Palladium from platimftn. 

(927.) M. The scarcity of Palladium has pi evented 
itsa general application to any purpose in the Arts; 
except that Mr. Tmughtnn graduated the celebiated 
mural circle at Greenwich upon an alloy of gold and 
Palladium, furnished by l)r. Wollaston, but he does not 
consider that gold alone would be inferior. 

References to § 2. % 

• 

Cbenevix, Phil, Tr&ns. 1803 ; .Wollaston, Phil. 
Trow*' lSff)4 and 1805 ; Vauquelin, An, dc Ck, vol. 
txxxviii. ; Berzelius, An, Phil, vol, in. and An* dt Ch. 
• ri de Pk. vol. x. 


Sect . III. — Rhoditm, 

(928.) A. Rhodium was discovered in 1803,* by 
Dr. Wollaston, with palladium in crude platinum, which k 
contains about, four parts in one thousand of* this 
Metal. 

(929.) B^ Dr. Wollaston's process for obtaining it is 
this. Expel the mercury from crude platinum ^y a red 
heat ; digest upon the Metal a small quantity of nitro- 
muriatic Acid to remove the uold. Dissolve in dilute 
nitro-nmriatic Acid, digesting it in a saftd heat in such 
a manner that a portion may remain imdissohed, alfe 
the And be perfectly saturated. The greater part of the 
platinum may be precipitated by a hot solution of hydro- 
chlorate of ammonia. By immersion of a plate of zinc 
the iron remains in solution, and a black powder falls, 
containing platinum, palladium, Rhodium, copper, and 
lead. The last two Metals may be removed by jhlute 
nitric Acid. After iicjaiii forming a solution by uitro- 
muriatic At id. a small quantity of hydrochloric of soda 
is added, and the whole evaporated to dryness; alcohol 
then removes every thing, leaving the llydrochlorate of 
Rhodium undissolvnl. Bv solution in water, and again 
immersing a plate of zinr, a black powder is precipi- 
ti^ed, which, after heating with borax, assumes the 
metallic appearance, but does not enter into fusion. 

(930.) U. Iridium excepted, this is the most infu- 
sible of Metals. Dr. Wollaston was unable to obtain 
from t lie grains a compact, metallic button, but Dr. 

( larke produced, by the heat ot the Gas-blowpipe, n* 
small and malleable bead of this very refractory sub- 
stance Its colour is white, and in hardness it rather 
ex ♦M’ds iron, its Specific Gravity is 11. or perhaps 
rather less. 

(931.) 1). According to Berzelius, there are three 
oxides of tins Metal : a black one formed by exposing 
the Metal to beat with access of air; another, formed 
by heating powdered Rhodium with potassa and a little 
nitre, is of a brown colour; and a third, \lliich is ob- 
tnined bv precipitation from the soda-muriate by 
potash, exists in the state of a hydrate. By heat, the 
wafer and a part of the oxygen is driven oil’ and 
inferior oxide remains. 

(932.) E. ( )( the action of chlorine we know nothing ; 
but as a Salt may be formed by t he hydrochloric Acid, 
it is probable that a chloride may exist. 

(933.) E. G Unascertained. 

(934.) H. With sulphur, Rhot^um very readily 
unites, but with other substances of this class its pro** 
perties are unknown. 

(935.) 1. Dr, Wollaston found that this Metal com- 
bined with all Metals that he tried except mercury. 

(93f>.) K. Rhodium resists the action of all Acids ; 
bill *Dr. Wollaston found the highest oxide soluble in • 
all the Acids that lie tried. He describes a*nitrate ami 
a sulphate, obtained by. an indirect process. 

Oxide of Rhodium readily forms double Salts with 
hydrochloric Acid und alkalis ; which Sult^are insoluble 
in alcohol. 

(937.) L. Solutions and Salts of Rhodium have a 
beautiful red .colour, and from this property the Metal 
derives ils name Q»oetwv 9 rosy.) No precipitate is pro- 
duced by prussiate of potassa, nor by the hydrosidpbates. 
The alkali qg carbonates give nu precipitate, hut the 
pure alkalis give a yellow one soluble in excess of the 
alkali. 

(938.) M. In the Arts, Rhodium would probably, 

e £1 
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Cnemirtry. f rom hardness, prove eminently useful, if it were 
'• rm - ' more plentiful. Messrs. Stodart and Faraday speuk 
highly of its properties, in their experiments on metallic 
alloys. 


References to § 3. 


Wollaston, Phil. Tram. 1804; Descotils, Jour, de 
Ph. vol. lxi. ; Berzelius, An. Phil vol. iii. ; Vauquelin, 
An. dr Ch. vol. lxxwiii. 


f Sect. IV. — Platinum . 

(939.) A. Platinum is first known to have been seen 
by Mr. Wood, assay-master in Jamaica, in 1741. From 
him. Dr. Browmigg received a specimen which was 
presented to the Rosa I Society in 1750. In 1748 it 
was seen by Ullou, a Spanish Mathematician, who ac- 
companied the French Academicians, in 1735, to Pern, 
for the purpose of measuring a degree of the meridian. 
Experiments on it were published by Wood, in 1750, 
(a.) and by Lewis, in 1754. (6.) Other dissertations 
on it may be found from the references to this section, 
(e.) The first Platinum known was from Clioeo and 
Santa Fe, in South America. Vauquelin detect ed^it 
among; some silver-ores from Estrumudura; it has 
subsequently been brought irom St. Domingo, and from 
the gold-mines of Brazil. Still more recently it has 
been found in the Province of Antioquia, in North 
America; and abundantly in the Ural mountains, (d.) 
Its name is derived from the Spanish as r diminutive 
from plata, silver ; hence ptatina , and its Latin Plati- 
num. 

This substance is found in the metallic state either 
nearly pure, or alloyed v/it,h iron, copper, lead, gold, 
silver, palladium, rhodium, iridium, and osmium. 

v 940 ) B, The grains of crude Platinum are to be 
dissolved in concentrated nitro-muriatie Acid, with as 
tittle beat *as possible. Decant off the solution from 
a black precipitate which remains. A solution of sal 
ammoniac dropped into the solution, throws down a 
yellow precipitate; which is to he washed, dried, and 
gradually raised to a ted heat in a porcelain-crucible. 
Pure Platinum remains in a pulverulent stale, and may, 
by heat and mechanical compression, be reduced to an 
ingot, (d ) 

1.941.) C. Pure Platinum is less white than silver; and 
has inferior lustre^ It is the heaviest Metal known, 
having a Specific Gravity = 2 1, or 22. It is soft, mal- 
leable. ductile, and of veiy difficult fusibility; and a 
comparatively slow conductor of heat. Has the pro- 
perty of welding. 

(942.) D. Platinum is not oxidized by exposure to 
heat and air. Its oxides are obtained by precipitation 
Jfrom saline, solutions. Three oxides arc described by 
Chemists, but the first is not quite well ascertained. 

(943.) E. Nitro-muriatie Acid is the best solvent of 
Platipum ; but it is also acted upon by pure Chlorine. 
The point is not fully ascertained, but it seems probable 
mat there are three chlorides of Platinum. 

(944.) F. Unknown. 

(945.) G. Unexamined. 

(946.) H. Sulphuret of Platinum has been formed, 
but it seems to be a .compound not possessed of great 
stability, (e.) The phosphuret is a bluish-grey powder 
not fusible. The seleniuret is described by' Berzelius. 
(947.) I. 0a the whole. Platinum may be considered 


as well disposed to form alloys with the other Metals; Fort H. 
and, in some instances, the combination is effected with 
great violence. 

(948.) K. Platinum is not acted upon by any Acid 
except the nitro-muriatie ; but its oxides form nume- 
rous Salts with other Acids by indirect processes. The 
alkalis, also, aided by heat, have some action upon it; 
hence a caution arises with regard to the use of Pla- 
tinum-crucibles in analysis. " 

(949.) L. Solutions of the Salts of Platinum have a 
yellowish or reddish-brown colour. They are not preci- 
pitated by infusion of galls, or by prussiate of pot ansae 
Pure ammonia, or pot assn, tlnow down, small orange- 
coloured crystals. llydioMilphuric Acid throws down 
u black, pulverulent piecipitmc. 

(950.) M. The very difficult fusibility of Platinum 
renders it a valuable Metal, in forming apparatus for 
many purposes of Chemical research. Bting harder 
and less fusible than goldrit is now used for the touch- 
holes of guns ; perhaps, also, it unites belter w'ith the 
iron of the barrel. 
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Phil. A/ftg. vol. xl. pp. 27, 209, 263, 350. (d.) Wol- 
laston, Phil Trans . 1S27. (c.) Vauijnelin, An. de Ch. 

el de Ph. vol. v. p. 263. 

Seel. V. — Gold. 

H •> 

(951.) A. This beautiful and valuable Metal has 
been known from the earliest (lines ; a circumstance 
easily explained when we remember that it usually 
occurs in the native metallic state. From one other 
ore only is it obtained in afty considerable quuntity, 
in which it is combined with tellurium. Native Gc/ld . 
is found principally in filaments traversing primitive 
rocks, in the beds of rivers, in grains washed out from 
similar mountains, or in alluvial knls. < 

(952.) B. W T hen the grains of Metal are sufficiently 
l.irge to be visible, they are picked out and purified by 
fusion and cupellution. But. when the grains are very 
minute, and mingled with sand, or if- is necessary to 
pulverize the rocky matrix containing the Metal, it is 
usual to complete the process by amalgamation. The 
safid, or powder, is fir*! washed with. water in such a 
way as to allow the heavier purticles of Gold to remain 
in the vessel, this auriferous sand is then agitated wwth 
mercury, by which the Gold is taken up and the silicious 
matter remains. The mercury- is then distilled off from 
the Gold, and subsequent cupellution is employed to 
remove any impurity arising from the baser Metals* 
Should silver also be present, the assayer s operation of 
parting is resorted to to ubtuiu absolute purity. 

(953.) C. . Various shades of yellow describe the , 
colour of Gold ; a,nd it is singular thut, without affecting 
any of its other properties, if a small quantity of borax 
be added to Gold in fusion, the colour becomes very 
pale, whilst nitre has the contrary property of rendering 
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Chemistry . U very high-coloured. It is capable of a high polish 
* from the burnisher. Its Specific Gravity is about 19.3, 
being higher than any other Metal, platina excepted. 
It is the most ductile and malleable of metals. “It 
may be beaten out into leaves so thin, that one grain of 
Gold will cover 56J square inches. These leaves are 
only 1*282000 of an inch thick. But the Gold leaf 
with which silver wire is covered, has only 1-12 of 
that thickness. An cflmce of Gold upon silver wire is 
capable of being extended more than 1300 miles in 
length.” (Thomson.) 

* Great ns is the rkmsity of Gold, if one of these leaves 
be carefully spread between two plates of glass, it will 
be found to transmit the green rays of light; and it is 
singular that the same colour is developed on the sur- 
face of a mass of Gold in a state of fusion. 

In tenacity. Gold is inferior to iron, copper, platinum, 
and silver. Its fusing point may roughly he stated ut 
1300° Fahrenheit. In all fWruuce heats it may he con- 
sidered as absolutely fixed; but by the heat ofTschirn- 
hau’s lens, the discharge of an Electrical battery, or the 
Gas blowpipe, it may be volatilized. The fumes raised 
by the first of these processes were seen by Macquer to 
gild a plate of silver placed five <^r six inches above it, 
(954.) (\ Exposed to atmospheric air, to oxygen, 
or to water, Gold undergoes no alteration, but aided by 
the heat of a powerful lens, or by an Electric discharge, 
its oxide may Ik* formed though in very minute quan- 
tities. By the heat of the Voltaic pile, or the Gus-blow- 
pipe, leaves or small wires of Gold undergo rapid com- 
bustion, and an oxide is produced. It is the general 
opinion of Chemists that there are at least Uo oxides 
of Gold. If a solution of Gold in nitre-muriatic Acid 
be evaporated just to dr\ ness, and redissolved in water, 
and to this neutral solution caustic potash be added, 
and the whole exposed to heat, an abundant precipi- 
tate is produced. Tins is to be carefully washed with 
water, and drieo* but* without artitici d heat. Thus is 
formed a reddish taown powder, the tritoxide of Gold ; 
which by a very moderate heat again parts with its 
oxygen, and returns to the metallic state. 

If instead of evaporating only to dryness the Uit- 
. hydrochlorate formed* in*lhe above experiment, the heat 
• is continued as long as any Acid Gas is evolved, a 
straw-coloured mass remans insoluble in cold water, 
which is a prot-hydroehlorate of Gold; and from 
this a grcen-TiolourPcl ptoloxidc jnay be separated by 
• digestion in caustic potassa. This combination does not, 

however, possess great permanency, for one-tlurd of it 
passes to the state of tritoxide at the expense of the 
other two-third*, which return to the metallic state. 
Clearly, then, the tritoxide contains thrice as much <>xv- 
gen as ihc protoxide, and Berzelius has strong ground 
for his susf)icion*thut an intermediate oxide exists. * 
(955.) E. When Gold in a state of minute division 
is # heated in thlorine, a yellow chloride is formed, which 
by the addition of water passes into a hydrochloralc, us 
is usual in such cases. 

(936.) F. Unknown. 

(957 ) G. Hydriodate of potash produces in a solu- 
tion of muriate of Gold, a brownish-yellow precipitate, 
insoluble in cold water, and decomposable by heat 
* (958.) 11. Gold do^s not unite ’with* azote, hydro- 

gen, carbon, boron, or silicon. Pelletier formed the 
phosphuret by dropping small pieces of phosphorus 
• ’ into Gold in fusion, and Oberkampf by palpitating 
hydiochlorate of Gold, by water impregnated with phos- 


phuretted hydrogen Gas, Its affinity for sulphur is ftat fL 
very slight, but when an alkaline hydrosulphuret is WyL 
dropped into a solution of Gold, the black metallic tjui- 
phuret is precipitated. 

(959.) i. As fur us hitherto known. Gold appears to 
unite with every Metal, undergoing such change of 
properties, # as to present a wide field of research. 

Most ably and laboriously has this inquiry been pro- 
secuted by Mr. Hatchett. (6.) All Metals, except sil- 
ver, copper, and platinum, seem materially to injure its 
ductility and colour. Lead, bismuth, and antimony, in * 
very small proportions, render it brittle. * 

(960.) K. Solution of chlorine and the liitro-muriutic 
Acid are the only decided solvents of Gold; two parts 
of muriatic to one of nitric Acid form the usual propor 
tions, hut three of the former to one of the latter is con 
sidered still more effective. 

Concentrate'] nitric Acid dissolves the oxide, and 
thus a pernitrale is obtained; but the combination is so 
slight, that cither beat or dilution again throws down 
the metallic oxide. 

In a similar manner the tritosulphatc is obtained. 

The hydiochlorate has been before described. Further 
researches on the Salts of Gold are wanted. 

• Pelletier states that oxide of Gold is soluble in hy- 
drute of potassa; and in this combination he considers 
that it acts the part of an Acid. Jt would also appear 
that in the process given above for obtaining the trit- 
oxide of Gold, a portion of the Metal remains in solu- 
tion in the state of a double hydiochlorate of potassa* 
and Gold of high solubility. 

(961.) If to a solution of hydrochlorate of Gold 
diluted with thrice its weight of water, ammonia be 
added so long a*- there is unv precipitate, but without 
adding excess, the reddish yellow precipitate, when 
washed in water and dried by exposure to air, is Ful- 
minating Gold, a preparation long known to Chemists. 

By the slightest beat, by percussion, or by friction, it 
explodes with violence. The temperature necessary to 
produce this effect has been estimated by Bergrrmn 
between 120° and 300". The powder appears to be a 
true nmmoniurct of Gold; and oil its detonation, 
according to Bergman, the following* changes take place. 

I he oxygen of the oxide attracts the hydrogen of the 
ammonia, and watery vapour is produced ; the nitrogen 
also is liberated; and to the elasticity of these two 
Gaseous bodies, increased by the temperature, the 
violent effects are attributable # See Fulminating 
Powders in our Aina II a. if His Dirtxion. 

(962.) L. in the soimions ot tile Smalts of Gold, 
prussiate of potassa produces a yeihmisli-w bite precipi- 
tate. 1 illusion of galls gives to the solution a greenish 
buy, and precipitates the Gold in the metallic state 
•II vdrochlorate ol tin, or a plate of metallic tin, produces 
a purple precipitate. Proto-sulphate of, iron throws 
down metallic , Gold, jund from the powder thus pro- 
duced, the most pure metallic Gold may be obtained. 

The rationale of this precipitation is simple and beau- 
tiful ; tire protoxide of iron bus a strong affinity for more 
oxygen, and the Gold having only a very weak one, 
the foriper is oxidated ut the expense of the latter, wlrch 
being no longer soluble, fulls down in the metallic state. 

Copper, iron, and zinc also precipitate Gold in the 
metallic st^ite, and several other. Metals in the state of a 
purple oxide. 

(963.) M. Perhaps the most important among the 
uses of Gold is that of coinage: its great ductility fits it 
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Chemistry, for receiving a sharp and beautiful impression from the 
die, while its scarcity gives to it a convenient value with 
reference to the other Metals of coinage. Pure Gold is 
Hot so well adapted to this purpose as those alloys which 
possess sufficient hardness to resist the wear to which 
all coin is subject. The standard or sterling Gold 
of England consists of twenty-two parts (carats) of 
pure Gold to two parts of alloy. The^aJ^ojp consists 
of silver or copper, or both, according to the colour 
which is required; the latter Metal having u great leiul- 
* ency to heighten the colour of Gold. It would appear 
from Mr. Hatchett s experiments that the alloy used in 
0 our Gold coinage is the best possible for the purpose, 
as it resisted ordinary friction better than any other 
tried. The stamped Gold for watch-cases, &c. is of 
eighteen carats, for it contains one-fourth allov ; but 
compounds exist under the name of Jeweller s Gold, of 
every possible degree of deterioration. 

One species of gilding upon Metal is performed by 
uniting Gpld to the Metal at a gentle boat, and l>v the 
friction and pressure of the burnisher, but < rt he real 
f gilding, as it is called, is performed upon steel, hv mix- 
ing a saturated solution of muriate of Gold with thiee 
times its weight of sulphuric ivllier; nether dissolves the 
* oxide oi Gold, and the Acid, or a great part of it, sub- 
sides. If polished steel he then dipped in the icthoreal 
solution, and immediately immersed in water, it is found 
to have received a delicate coating of metallic Gold on 
its surface. (Stodart.) For colouring glass and porcelain, 
•the beautiful, purple precipitate produced by adding 
protomuriate of tin to a solution of Gold, has long been 
knuwn under the name of the Purple powder of Cassius, 
the real nature of which still remains rather unceitain 
among Chemists. 

Greatly as the Alchemists boasted of its virtues, Gold 
hail fallen entirely into disuse as a medicine, until very 
lately; but it now seems to be likely again to have a 
place in the Materia Medica. 

References to § 5. 

(a) Lewis, Cummercium, Phil. Teehn. fob 1763; 
Proust, Jour, (le Pht/s. vol. lxu. or Nidi. Join. \ol. x i v. • 
Vauquclin, An. de Ch, vol. Ixxvii. ; Oberkam))f, An de 
Ch . vol. lxxx. ; Berzelius, An. de Ch. vol. hxxiii. ; 
ll.itcbet, Phil. Tram. 1S03; Jfellot, Mem. Acad Par. 
1735; Tillet, Mem. dc I'Aead. Par 1735; Fignicr, 
An. de Ch. et de P/i. vol. ii. ; Bergman, Opusc ; 
Stodait on Gilding by .Ether, Nidi. Jour. vol. xi. (&.) 
Phil. Trans. 1803. 

Sect. VI. — Iridium. 

(961.) A. Indium received its name from its di.yo- 
•verer, Professor Tennant, on account of the varying* 
Colours of its solutions. Together with osmium, it forms 
the black powder, remaining after the digestion and 
solution of crude platinum in intro-muriatic Acid. Des- 
cotils cnade tjie same discovery, and Foureroy and 
Vauqtielin published a series of experiments on these 
two bodies. Dr. Wollaston perceived that the Hat, 
foliated, white grains in crude platinum were in .fact the 
native alloy of the two Metals. 

(965.) B. The black powder, above mentioned is to 
be mixed with an equal weight of potash in a silver-cru- 
cible, and continued in a red heat for some time. From 


this, water procures an orange-coloured solution. The Pan II. 
remaining, undissolved powder is to be digested in >i**'**^ 
hydrochloric Acid, and then again subjected to the action 
of potash as before ; these alternate actions being re- 
peated till all is dissolved. Thus an orange-coloured, 
alkaline solution is obtained, holding the oxide of 
osmium, combined with potash, and a deep-red acid 
solution of oxide of Iridium. By evaporating this 
luiter solution to dryness, and again dissolving in water 
and evaporating, octahedral crystals of hydrochlorate 
of Indium are obtained. From a solution of these, a 
plate of any Metal, except gold and platinum, will throw# 
down Iridium as a black, metallic powrief. 

(9(if> ) C. This powder, alter the purification of a 
strong heat, is rather whiter than platinum, but can 
scarcely he said to have been fused, although Mr. Chil- 
dren'^ powerful Galvanic battery produced an imperfect 
agglutination of the particles, and the same has since 
been effected by Dr GUwke with the Gas-blowpipe. 

The experiments ol Vnuqiiehn render it probable that, 
after a perfect fusion, this Metal may be slightly ductile; 
its Specific Gravity is certainly above Ls.fi. 

(967.) D. The affinity of Iridium for oxygen is ex- 
tremely slight, but it is probable that it forms more than 
one oxide. By the addition of an alkali to any acid 
solution of this Metal, one portion of the oxide is pre- 
cipitated, and another retained in solution. Descotils 
procured also a blue, volatilized oxide by exposing the 
Metal to a strong heat. 

(9fiH.) E. F. G. Unknown. 

(969) II. Iridium may be indirectly combined with 
sulphur. Its action with phosphorus and selenion is 
not known, and with the other substances of this class 
its combination is not veiv probable. 

(970.) I. Tennant alloyed it with lead, copper, silver, 
and gold, blit could form no alloy with arsenic. Vau- 
quelin combined ii with tin ; and like rhodium, it ap- 
pears to increase the hardness ohthe Metals with which 
it is combined. 

(971.) K. No single Acid is capable of dissolving 
Iridium ; even the nitro-muriutic ; s with difficulty made 
to take up one-tfiree-iiuiidreth of its weight of the 
Metal. % % 

The sulphate and hydrochloratc of this Metal gitfe . 
green or blue solutions according to their state of dilu- 
tion ; the nitrate, when concentrated, has a red colour. 

Double Salts of the hydrochloric 'Acid wUh the alkulis 
and oxide of iridium exist, and are of a deep-purple 
colour. • 

(972.) L. From solutions of this Metal almost all 
Metals produce a precipitate of reduced Iridium, owing 
to Us weak affinity for oxygen. Tincture of galls pro** 
duces after some time a red precipitate; but according 
to Tennant the solution of the crystallized hyrfrochlorate 
is only rendered colourless by infusion of galls Prus- 
siale of potassa, hydrochloratc ftf tin. aiKltcarl>onate*J)f 
potassu, without any precipitation being produced. 

I lydrosulphurets destroy the colour of the solution, but 
by aid of heut prod me a black precipitate. 

(973.) M. None. 

t References to § fi. 

Tennant, Phil. Trans. 1804 ; t Descotils, An. de Ch. ' 
vol. xlviii. ; Fourcvoy and Vauqtielin, An. de Ch. vol. 
xlix. and vol. 1. ; Vauqueiin, An, de Ch. vol. Ixxxix. 
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PART III. 

\ 

Chemistry ok Organized Bodies. 4 


Chemwtr (974.) We have now arrived at u difficult but most 
v r interesting 1 and important branch of Chemical Science. 

There are but two methods for producing a really usc- 
/ul review of the state of knowledge on the subjects 
to which this Part refers. The one to give a detailed 
* and systematic account of all the researches which have 

' been made on the various Organic substances ; and the 
other merely to recite their names, giving little more 
than a complete series of references to the original 
Memoirs for the benefit of those who may wish to enter 
these fertile fields of discovery. A middle course would 
offer little real utility. From the former we are prohi- 
bited by the space which such a Treatise would occupy 
in this Work : and we therefore adopt the latter. 

By Organic Chemistry we are to understand the 
examination of the piopcities, the proximate and ulti- 
mate analyses of all substances immediately seen in, or 
ultimately to be traced to, the vegetable or animal king- 
doms ; products obtained from, or educts existing in, 
organized bodies. Numerous as are the substances 
referable to this class they are formed from a very few 
ultimate elements; and can, therefore, differ only in the 
proportions of these elements, or in the mode of their 
combination. Oxygen, hydrogen, carbon, and nitro- 
gen are the principal ultimate elements so employed by 
Nature. With these are united, but in far smaller 
quantities some earths and metals, with phosphorus 
and sulphur. Organic substances, therefore, may gene- 
rally be resolved into the same ultimate elements ; 
though for the .most, part in dissimilar proportions, 
they readily undergo decomposition, a red-heat is 
at all times sufficient for this purpose, and in nume- 
rous cases the decomposition is rapid and spontaneous 
even at oidinary temperatures. By slight causes the 
affinities and constitutions of these substances are over- 

* turned, and new products result ; hut iu most cases it is 

• " impossible to reproduce the original substance by a 

direct union of its constituent ultimate elements. 

The proximate uiydysis of an Organic substance se- 
parates it into its pmximatc elements; that is, into 
various substances, acid, alkaline, or otherwise, each of 
* which, though itself a compound body, possesses distinct 
properties, and a definite constitution of two or more 
ultimate elements. By the ultimate analysis each ot 
these proximate elements is resolved into its ultimate 
elementary constituents. If, for instance, a lew leyves 
of wood-sorrel were at once submitted to ultimate ana- 
lysis, we i^iould obtain carbon, oxygen, hydrogen, 
potash, and one or two other substances of minor im- 
portance, and should learn but little of the constitution 
of the plantf or its juices : but if we proceed more sys- 
tematically, we shall obtain in the proximate elements 
an Acid called the oxalic; an alkali, potassa. and a 
small quantity of residuary matter, producing the colour 
ond substance of a plant ; and wy l£«rn. that a true 
* Chemical Salt, formed by the Acid and tlib alkali, consti- 
tute the peculiarities of the juices of the plant. We then 
may proceed to the ultimate analysis of both ill# potassa 

♦ and the oxalic Acid, resolving the fmier inta oxygen 


and a metal; the lutter into oxygen, hydrogen, arid Part III. 
carbon. » 

The first efforts at Organic analysis consisted simply • 
of destructive distillation, by which the substance might, 
indeed, be resolved into its Gaseous elements. Those, 
however, form new combinations among themselves, 
and this method is therefore very properly abandoned, 
except for special purposes. 

MM. Gay Lussae and Thenard proposed the applica- 
tion of some substance which should readily afford 
oxygen when heated with the substance to be analyzed. 

Foi this purpose they first employed chlorate of potassa, 
and subsequently the black oxide of copper. This oxide 
will, if alone, bear a white-heat without parting with 
its oxygen ; though it readily does so at a much lower 
temperature if any combustible be present. Hence, if 
t|jrec or four grains of any Organic substance contain- 
ing hydrogen and carbon be mixed with the oxide of 
copper in a green glass or metal tube, and then ex- 
posed to heat, so disposed ns to collect the gaseous 
products over mcmiry, carbonic Acid Gas and water 
will be obtained. The former indicates the quantity of # 
carbon, the latter the quantity of hydrogen. The loss 
of weight sustained by the oxide should in this case 
agree with the oxygen employed iu producing the water 
and die carbonic Acid. But if oxygen also had been 
present in the substance analyzed, this would he indi- 
cated by a proportion of oxygenized products greater 
than that due to tin* mere loss on the oxide of copper. 

It nitrogen tonus a constituent ot the substance ana- 
lyzed, it will pas** over in the Gaseous state, and mayb# 
separated fiom the cut home Acid by removing the lat- 
ter by potassa. Such is the outline of this process, but 
for the numerous minutiiL* to be observed, consult the 
references, [a.) Very recently, I)r. Prout has deviled 
a mod, elegant fipparutn.s and method, which may be 
seen in the I'lnh^ophicul Transtnchmis. (/>.) The pre- 
sence of water in the substance to be examined is to be 
most carefully avoided; and this is best, effected by 
drying it iu an exhausted receiver, at some moderate 
elevation ot temperature, and in* presence of some 
highly absorbent substance, such as sulphuric Acid, A 
convenient apparatus for this purpose has been devised 
by Dr. Pi out. (r\) We owe also to Mr. tamper (d.) 
and to Dr. U?e some useful suggestions and apparatus 
iu this branch of analysis. 

It has been found that some proximate elements,* 
having very distinctive Chemical propertied, present oti 
ultimate analysis the very same elements, and in the 
same proportions. Hence it is inferred that such dif- 
ferences as constitute distinct subslamtes, mat arise 
solely from different inodes of combination existing 
among the ultimate elementary atoms. Of this opinion 
is Gay imssac, who considers alcohol, for instance, as 
consisting of’a compound of olefiant Gas with water, 
whilst Berzelius, on the other hand, considers ii only a 
universal compound of atoms of* hydrogen* carbon, and 
oxygen. 
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Chemistry, CHAPTER I. 

Chemistry of Vegetable Bodies. 

• 

(975.) We shall now, for the most part, follow 
M. rhenard in giving a very brief abstract of Vegetable 
Chemistry. The following laws he considers to be 
general, as far as researches at present extend. 

1. l*hat when a Vegetable substance does not con- 

* tain nitrogen, and that when the quantity of its oxygen 

f is to the quantity of its hydroger in a greater ratio than 
is due to the constitution of water, the substance is 
t acid, whatever be the quantity of carbon entering into 
its composition. 

2. That when these properties are reversed, the sub- 
stance may still be acid, but that in general it is oily, 
resinous, alcoholic, or ethereal. 

8. That when the oxygen and hydrogen arc in just 
ratio 'for the formation of water, the substance is ana- 
logous tonsil gar, gum, woody fibre, Ac. 

4. That when any Vegetable substance contains 
much hydrogen, it contains at the same time much car- 
bon, and the converse. 

5. That many Vegetable substances may be repre- 
sented, ns to their composition, by a certain number f.f 
volumes of vapour of carbon, of hydrogen Gas, and of 
oxygen Gas ; or by a certain number of volumes of 
some of those binary compounds which may lie pro- 
duced between hydrogen, oxygen, ami carbon. 

t* 6. That no Vegetable substance contains at the same 
time oxygen enough to transform both its hydrogen 
und carbon into water and carbonic Acid. 

Accordant with these views, M. Thenard treats of 
Vegetable substances under seven dillerent beads, a 
division which we can only in part adopt. 

Class 1, Vegetable proximate elements in which the 
oxygen is in excess with regard to the hydrogen as 
to the formation of water. 

Division 1. Acids. 

Division 2. Alkalis. 

Class II. Vegetable proximate elements in which the 
oxygen is in defect with regard to hydrogen as to 
the formation of w.iter. Oils, bitumens, alcohol, 
ethers, Ac. 

Class 111. Vegetable proximate elements in which the 
oxygen and hydrogen are in just proportion lor 
the formation qf water. Sugar, honey, gums, Ac. 

Class I\ . Vegetable colouring principles. 

Class V. Vegetable proximate elements not noticed 
in any of the preceding Classes. 

(976.) As a general outline of the properties of tlwse 
substances, it may be well to bear in mind, that all are* 
either solid <>or liquid at all ordinary temperatures. 
Many are volatile per sc, as for example* alcohol, ether, 
essential oils , others are readily vaporized in different 
Gases,, such qre camphor, benzoic, and oxalic Acid. 
Others are fixed at all temperatures which do not pro- 
duce their decomposition. 

When submitted to distillation, the former undergo 
no constitutional change, the second soH are purtly 
volatilized and partly decomposed, and the lasf are 
entirely decomposed. From the decomposition of those 
which do not contain nitrogen, there result water, car- 
bonic Acid, acetic Acid, gaseous oxide of carbon, oil, 


carbon, and carburetted hydrogen. But those which ftutflf 
contain nitrogen, afford in addition ammonia, hydro- 
cyanic Acid, and nitrogen Gas. 

By the aid of air und moisture many of these sub* 
stances undergo spontaneous decomposition. For more 
complete details of the action of the other simple and 
compound elements we must refer to the Work of 
M. Thenard. (e.) 

(a.) Gay Lussac and Thenard; Rech. vol. ii. ; Prout, 

An. Phil. vol. iv. p. 270; Thenard on Anal. Children’s 
Translation ; Protit’s Apparatus, Henry’s Elements, 
vol. ii. p. 182 ; Bischoff, An. Phil. N. S. vol. viii. pr 
308. (6.) Prout, Phil. Trans. 1827, p. }29. (c.) An* 

Phil. vol. iv. p. 272. (d.) An. Phil. N. S. vol. vii. p. 

170. (e.) Traitv , vol. iii. p. 576. 

CLASS I. DIVISION I. 

Vegetable Acids . 

(977.) With the greater part of these substances the 
salifiable bases unite to form Salts. All redden Vege- 
table blues, and all consist, of oxygon, hydrogen, and 
carbon. M. Thenard enumerates thirty-four which have 
been mentioned by Chemists, but some ore now proved 
to be identical substances. 

Acids that arc bath natural and artificial. 

(978.) Arctic. This Acid ha.s been long known; it 
is most abundantly obtained by the acetous terrnenta- 
tion, or by the destructive distillation of Vegetable 
bodies, and it is found among the juices of some plants. 

The impure acetous Acid, now obtained from the distil- 
lation of wood, is called pyroligneous Acid, and by sub- 
sequent purification becomes a limpid \iuegar, or a 
much stronger Acid according to circumstances. The 
strongest acetic Acid is obtain^ by, distillation from 
the acetates, those especially of potussa or copper. 
Thomson has shown that the only correct estimate of 
acetic Acid is to be found in its neutralizing power, and 
that the Specific Gravity cannot he depended upon. 

This Acid forms numerous antf important Salts, 

See Mollerat, An. dc Ch. vol. lxviii. ; Colin, An de 
Ch. tt Pk. vol. x ii. ; Darracq, An. dc Ch. vol. xli. ; Clie- 
nevix. An. dc Ch. vol. Ixix*, Berzelius, An. dv Ch. et 
Ph. vol. xxvi. ; Phillips, An. Phi ^ N. S M vol. i. ii. iv. ; 
Berzelius, An. Phil. N. S. vol. viii. 

(979.) Mafic Acid was discovered by Scluele in 1^85. 

It exists in the juice of the apple, and 'hence its name. 

Also in the juic es of gooseberries, currants, and oranges. 

In the houseleek, where it is combined with lime. Mr* 
Donovan discovered in the juice of the fruit of the 
Sarftvs auwpana , an Acid which, not agreeing with 
the described characters of the malic, he called the sor- 
bic. It seems now proved that, the Acids ^re the sauy», 
but that Mr. Dommm’s description was accurate, and 
those previous to bis not so, frorp impurities present in 
the malic Acids heretofore examined. This'Acid forms 
.Salts which are soluble in water and some highly so. 

See Donovan, Phil. Trans. 1815; Braconnot, An. dt 
Ch. et Ph. vol. vi. viii. 

(980.) Oxalic 1 Aqid. This Acid was first recognised 
by Bergman. * It is found in. the Oxahs acetoae.Ua, 
(wood-sorrel,) in fhe Rumex acdosa , (common aor* 
re!,) anddn several lichens. It may be formed abun- 
dantly by. the action of nitric Acid on sugar* Oxalic 
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Ihemistry. Acid seems to have this peculiarity that it contains no 
hydrogen. It is a most rapid and fatal poison. 

See Berzelius* An. de Ch . vol. xciv. ; Dubereiner, 
An, de Ch . et PA, vol. xix. ; Gay Lussac and Thenard, 
Reck . ; Thomson, First Principles , vol. ii. ; Wollaston, 
Phil . Tram . 1818. 

Acids produced by Nature only, 

(981.) Benzoic Acid* A substarice found in some 
balsams ; in vanilla, castor, in some plants, and in the 
urine of some herbivorous animals. It is obtained in 
wjiite, crystalline filaiycnts by sublimation. A lew Salts 
formed by this Acid have been described. 

* See Fourcroy, An. de Ch, vol^lxix. ; Berzelius, An. de 

Ch. vol. xciv. 

(982.) Citric Acid. Scheele first submitted the juice 
of the lemon to Chemical examination and proved it to 
contain a distinct Acid. It exists also in small propor- 
tion in some other fruits, Thig Acid crystallizes readily. 

Consult Fourcroy, System?; Gay Lussac and The- 
nard, Itecherches ; Berzelius, An. dc Ch. vol. xciv. 

(983.) Fungic Acid. M. Braeonnot has thus named 
an Acid found by him in the juice of some of the 
Fungi. 

Sec An. de Ch. vol. lxxxvii. p. 2Sfr. 253. 

(984.) Gallic And. This Acid was examined and 
described by Scheele in 1786. It is found in some 
astringent barks and in the gall-nut. 

See Scheele, Essays ; Braeonnot, An. de Ch.ctPh. 
vol. ix. 

(985.) Ellagic Acid. Such is the name formed by 
reversing the word Guile, and applied by M. Bia^onnot, 
in 1818, to an Acid first noticed by M. Chevreul in 
I S 1 5 ; and supposed to exist in the gall-nut together 
with the gallic. This Acid is little known. 

See An. dc Ch. et Ph. vol. ix. p. 187. 

(986.) Jgasuric Acid . This substance, so termed by 
MM. Pelletier and* Cnvontmi, was discovered by them 
in examining the nl'tive principles of the bean of St. 
Ignatius. (Nux vomica 9 ) M. Thenard has doubts of 
the peculiar nature of this Acid. 

See Pelletier, An.de Ch. et Ph. vol. x. p. 167. 

(987.) Qitinic Acid. Thto Acid is found in the Quin- 
quina, or Cinchona bark, united with other Vegetable 

* elements. It has a strong, acid flavour, free from all 
bitterness; does not easily crystallize; forms a class of 
Salts which hava been# Tittle studied. See YauqutTm, 
An. de Ch. vol. 1 ix. By English writers this Acid is 
sometimes spelt Kinic. 

• (988.) Laccic *Avid. Such is the name given by 

M. John to un Acid which he obtained from Stick Lac. 
If, * at present very little known. See Schweiggers, 
Journ vol. xv.; or An. de Ch. et Ph. vol. i. p. 445; 
Pearson, Phil. Trays. 1794. • 

(989.) Meconic Acid. This Acid was discovered by 
M. Sgfrtilrner, \m his valuable researches into the con- 
stituent principles of cjpium. It derives its name from 
fiijKufv, a poppy. See SertUrper.^v/. de Ch. et Ph. vol. v. 
p. 21 ; Robiquet, An. dc Ch. et Ph. vol. v. p. 280. 

(990.) Mdlitic Acid . Klaproth discovered this Acid 
combined with alumina in a rare mineral then called 
Honey-stone from its colour. Consult A,n, de Ch. vol. 

, ^ $nxvi. p. 203, and vol. xliv. p. 232. * 

(991.) Moric or Moroxplic Acid. From the juice of 
the mulberry (Morus alba ) M, Klaproth, in 1803, ob- 
tained this Acid. See Diet, dc Chimfc de Klaprotn and 
* Wolff. Thomson, Nich, Jour*yo\. vii, p. 129. 
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(992.) Pectic Acid. This substance, admitted by M. Part IB, 
Thenard into his System , was discovered by M. Payeti w- v -» 
first in the bark of the root of the plant producing Japan 
varnish, M. Braeonnot has continued the inquiry, 
and found the same substance to exist in all Vegetables. 

The name h derived from itt/ktcs, a coagulum, from the 
gelatinous appearance which it always 'presents. See 
Puyen, Jour, dc Pharmacie , vol. x. p. 385; and Jour . 
de Chim . Mfdicalc, vol. i. p. 539 ; Braeonnot, An. de 
Ch. ct Ph. vol. xxviii. p. 173, and vol. xxx. p. 96. 

(993.) Acid of the strychnos-pseudo-Tcina . A sub- 
stance very little known, but mentioned by Vauquelin! 

Bulletin de la Societe Philomatique , Mars , 1 823* 

(994.) Succinic Acid . This Acid is obtained from 
amber by gentle distillation. It exists also in some 
sorts of turpentine, and a few of its Salts have been 
noticed. See Robiquet and Colin, An. dc Ch. et Ph. 
vol. iv. p. 326 ; An. Phil. vol. xv. p. 388 ; Berzedius, 

An. de Ch. vol. xciv. p. 189. 

(995.) Sulpha- sinapic Acid. MM. Hetiry and 
Garot separated this substance from the fixed oil of 
musturd. See Jour, de Chimie Mcdicale , No. X. and 
XI. 

(996.) Tartaric Acid. After so many Acids, which 
as^yet are scarcely known by name, we arrive at one 
that has been long noticed. Its presence was recog- 
nised in cream of tartar by Du Hume!, MargraafF, and 
Rouelle the younger; but Scheele first examined it in 
an uncoinbined form. Tartaric Acid seems to exist in 
the juices of several acidulous fruits, and is deposited in * 
combination with lime and potassa in considerable quan- 
tity from new wines. The tartrates have excited con- 
siderable attention, as some are serviceable in Medicine : 
such are the tartrute of potassa and soda ; (.Rochelle 
Salts ;) the bitarlrate of potassa ; (cream of tartar ;) tar- 
trate of antimony and potassa, (tartar emetic.) Sec 
Retzius, Stock. Trans. 1770; An. de Ch. vol. xlvii, ; 

Thenard, Syst,. vol. iii. p. 677. 

Acids produced solely by artificial Processes . 

(997.) Camphoric Acid. This substance is obtained 
from camphor by treating it with a large excess of nilrif 
Acid. It was discovered in 1785 by M. Kosegartcn. 

See An. dc Ch. vol. xxiii. p. 153; vol. xxvii, p, 19; and 
vol. lxxxiv. p. 301. 

(998.) Mucic Acid. This .Acid was at one time 
called the suclactic, because obtained by Scheele from 
sugar of milk in 1780. It is no t w filmed by treating 
sugar of milk, gum, and some other substances with 
nitric Acid. See Scheele, Memoirs; Langier, An. de 
Ch. vol. lxxii. p. 81 ; Tromsdorff, An. de Ch. vol. lxxi. 
p. 79 ; Luhiilardiere, An. de Ch. el Ph. vol. ix.; Ber- 
zelius, An. de Ch. vol. xciv. 

(9lfc.) Na/tceic Acid. So named by its discoverer, • 

M. Braeonnot, from Nancy, the place of his. residence. • 

It appears to forjn spontaneously upon the change to 
acescence in certain Vegetable juices. An. de Ch. 
vol. Ixxxvi. p. 84. The experiments *of hj. VogeV led 
M. Thenard to suspect this Acid to be identical with 
the lactic. Jour, de Pharmacie , vol. iii, p. 491. 

(1000.)^ Suberic Acid. This Acid was discovered 
by M. Brugnatefli in 1787 ; it is formed by the action 
of nitric Acid on Cork. See Brugnatelli, Crell's Annals , 

1787 ; Bouillon Lagrange, An. *de Ch. vol. xxiii. ; 

Chevreul, An. de Ch. vol. lxii. ; Bussy, Jour, de Phann 
vol. viii, p, 107, 

1001.) Pyr- Acids. There is a class of Acids pro* 

5 d 
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Ctattfetry* duced by the distillation of ceriuin other Vegetable 
Acids* The names of those described are the Pyroci- 
t|ic, Pyromalic, Pyromucic, and Pyro-tartaric. See 
Thenard, Syst. \ol. iii. p. 706. 

DIVISION II. 

« Vegetable Alkalis . 

(100*2.) The outline which we are about to give of 
the general properties of these substances is extracted 
•from M. Thenanfs System. The discovery of this class 
of bodies originated with M. Scrturner during his ex- 
cellent analysis of opium, made in 1805. A subsequent 
Memoir, however, which he published in 1815, was the 
first to call the attention of Chemists etfectually to the 
point. 

The Vegetable Alkalis best known ure morphia, 
strychnia, bruciu, cinchonia, qoiuinn, veratria, delphia, 
and cmftift. 

Picrotoxia, solania, caffeinn. and atrophia seem to 
belong to the same class, but have been less studied. 

Duphiiiu, hyoscyamia, daturia, aconitina, andcicutina 
have been announced, but are still less known. 

All these Vegetable salifiable bases are solid, wHite, 
hitter or acrid, scentless, heavier than water, and change 
syrup of violet to green. Veratria, delphinin, and eme- 
tia can only be obtained in powder, hut the rest are 
capable of crystallization. When decomposed by heat, 
* they all give ammoniacul products among other (lases, 
in consequence of the nitrogen they contain. All are 
almost insoluble in water; alcohol being their true sol- 
vent. Sulphur does not combine with them. Chlorine 
and iodine, by aid of water, dissolve them. Their satu- 
rating power is feeble. Generally speaking, their sul- 
phates, nitrates, and hydioehloiales are soluble. On the 
other hand, many neutral tartrates oxalates, and gul- 
lates are insoluble. Excess of A(*id always induces so- 
lubility, ‘All alkalis, and even magnesia, disengage the 
Acids from these Vegetable bases ; but in their turn 
these are capable of removing the Acids from most other 
oxides. In a neutral solution of one of these Vegetable 
Salts, infusion of galls forms, from the insolubility of the 
gallate, precipitates, which the Acids or alcohol redis- 
solve. 

These Vegetable Alkalis do not exist free in the Ve- 
getables which produce 'them, blit are there united with 
Acids; and as lai* as at present known, it is to the pre- 
sence of these Salts ‘that the active properties of the 
plants are due. 

The general outline of the process by which t!ie\ are 
separated is this: the Vegetable juices are boiled with 
magnesia and water. The precipitate obtained is dried 
4 and boiled in pure alcohol ; thus a solution of the c alkoli 
is obtained, and from this the alcohol may be removed 
by careful evaporation. 

All these alkalis contain oxygen, carbon, hydrogen, 
and ( nitrogci). The action of all on the animal economy 
is very active, and is greatly inci eased when they are in 
the state of Salts, from their more ready solubility. 

(1D03.) Morphia . This alkali, discovered by Scrturner, 
is obtained from opium, and bids fair, to form a most 
valuable addition to Medical Science. For the mode of 
its preparation see Hobiquct, An- dc Ch. el PA. vol. v. 
p. 279 ; HoUot, Jour, de Pharm . vol. x!’p. 475. For 
its medicinal application see Orfila, Jour, de, Ckitn. Me 
dicale, vol. i. p. 165, 221 ; La^saigpie, An. de Ch . ct 


Ph. vol xxv, p. 102 ; Gait drier, Med. and Phys. Jour, Pirt HI. 
vol. xl. p. 276 ; Bardsley, Hospital Facts, fyc. 

(1004.) Cinchonia . l)r. Duncan of Edinburgh first 
recognised this as a distinct Vegetable principle found 
in the Cinchona bark, and chiefiy In the Cinchonia 
Condaminm. Its action seems to be much the same as 
that of Quinine, but being a rarer substance it is not in 
such general use. See Majondie, Formulaire pour la 
Preparation et PEmploi de plusieurs nouveau £ Medica - 
mens. 

(1005.) Quinina. This alkali was discovered by MM. 

Pelletier and Cnventou in the yellow bark Cin chorda 
cord) folia. The sulphate is now very largely employed 
in Medicine, and its valuable properties are established 
beyond the reach of doubt. See Pelletier and Cnventou, 

An. de Ch. et Ph. vol. xv. ; Majemlie, vt suprti; Elliot- 
son, Mediro-C/urur. Trans. London, vol vii. p. 534 ; 
Bardslev, Hospital FucU , p. 133. 

(100(1) Emelina. Thin alkali, discovered by M. Pel- 
letier, is found only in the Ipecacuanha root. It is the 
active emetic principle of that plant. Sec Pelletier, 

Jour, de Pharm. vol. iii. ; An. de Ch. et Ph. vol. xxiv. 
p. 1 80 ; Majcndie, vt svprd. 

(1007.) Strychnia . This was the first Vegetable 
alkali discovered by MM. Pelletier and Oaventon ; it 
exists in plants of the genus Strychnia , one of which is 
the Nujc vomica bean. This ulso promises to form a 
valuable Medicine, especially in eases of paralysis. See 
Pelletier and Cfaventou, An. de Ch. etPh. vol. x. p. 142; 

Baidsley, Hospital Facts , p. 1 ; Majcndie, ut supra . 

(1008.) Ilnina. An alkali obtained from the false 
Angostura bark, ( Brucrra anti-d ysentcnca y ) existing also 
in the bean of St. Ignatius, or AW vomica. See 
An. de Ch. el Ph, vol. xii. p. 113 ; Bardsley, vt suprd % 
p. 59. 

(1009.) Veratria. This alkali exists in the seed of 
the Vcratmm srbaddta , the root of the white hellebore, 

Vera tram album , and in that? of the Cotchicum au - 
tumnale. See An. de Ch . ct Ph. vfil. xiv. p. 75; Jour, 
de Ph. 1821, p. 04 ; Bardsley. bp. cit. p. 109. 

(1010.) Delphinia. This substance has as yet been 
obtained only from the seeds of the Delphinium sla- 
phisagria. See Lassaigue SncUFeneulle, An. de Ch. et 
Ph. vol. xii. p. 358; Jour, de Phar. vol. ix. p. 4. , 

(1011.) Picrotoxia . Boullay first recognised this 
alkali in the berrv of the Menupermum coccvlcus. Its 
name is derived from its bitter laste and poisonous pro- 
perties. See An. he Ch. vol. Ixxx. . c 

(1012.) Solania. This substance, as yet little known, 
was found by M. Desfosses in the berries of the Sola - ' 

7)117)1 nigrum, and in the substance of the Solarium 
dulcamara . See Desfosses, Jour, de Phar. vol«vfc 
p, 37*1, and vol. vii. p.4 14 ; Payen and Chevallier, Jour, 
de Ch. Med. vol. i. p. 517. 

(1013.) Atrophia. M Braudes discovered this al- 
kali in the leaves of the Atropa belladonna. (Dernlly 
Nightshade.) It seems to he a violent poison, similar 
in its operation to the decoctfon of the plant itself* See 
Brandt*, An. Phil. N. S. vol i. p. 263 ; Hunge, An. de 
Ch. et Ph. vol xx vii. p. 32. 

The remaining substances of this kind are at present 
little known; [ml we commit the subject to the attention 
of the Chemical reader with an assurance that if\ # * 
it he will find a jvide field of interesting research; ac- 
companied by a very reasonable expectation of arriv- 
ing at results of the greatest importance to Medical 
Science. 
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Cbenistfy. CLASS II. 

1 y eatable Proximate Element * , in which the Oxygen ut 
in defect with regard to the Hydrogen , a* to the for- 
mation of water. 

These substances are in general oily, resinous, alco- 
holic, or ethereal ; some among them possess acid pro- 
perties. All are very rich in carbon, this substance 
sometimes amounting^ to four-fifths of their weight. 
They are in general fusible, and very combustible. 
Many may be volatilized by heat, unchanged ; others 
lire decomposed. Almost all are very soluble in spirits 
of wine, and insoluble, or very slightly so, in water. 

* (1014.) Stfarine and Elaiyc. It uppears from ihe 

researches of M. Chevreul that all fats and fixed oils 
contain two distinct principles to which he has applied 
these names. The former gives consistency, the latter, 
of a more liquid nature, produces fluidity. In the for- 
mation of soaps these prineipjes are completely changed 
into three others, Margaric Acid, Oleic Acid, and Gly- 
cerine See Chevreul sur Irs Corps Gras. 

(1015.) Fixed Oils. These are for the most part 
liquid at our ordinary warmer temperatures. Yellow is 
the prevailing colour, and all are lighter than water. 
Of this class, olive oil, castor oH, nut oil, linseed oil, 
&c. will readily occur to the reader. For analyses of 
oils, see Gay Lussae and Thenard, Recherche*; Saus- 
sur VjJn.de Ch. et Ph. vol. xiii. p. 351 ; Braconnot, 
An. de Ch. vol. xeiii. p. 22 5. On the nature and for- 
mation of soaps, see Thenard, Syst. vol. iv. p. 70 ; 
D’Arcet, &e. An. de Ch. vol. xix. p. 253 ; Colin, An. dc 
Ch. et Ph. vol. iii. p. 5 ; Marcel dc Serres, An. de Ch. 
vol. Ixxvi. p. 54 ; Chevreul sur les Corps Gras. 

(1016.) Essential Oils. These oils, sometimes termed 
essences, contain the odoriferous properties of various 
plants, and hence they form, either alone, or as spiritu- 
ous solutions, the basis of most perfumes. In many 
properties they /lifter, from the fixed oils. They are 
acrid, caustic, very fluid, highly volatile, and readily 
combustible, on the approach of burning bodies. Par- 
tially soluble in water, not capable of forming very inti- 
mate combinations with alkalis. Those most gene- 
rally known ore obtained from the lemon, bergamot 
orange, lavender, rosemary, aniseed, rose, jasmin, cara- 
• way seed, ambergris, and turpentine from the resin of 
the pine. * 

(1017.) Rejins. 'Jhe.se substances arc generally solid, 
brittle, but little heavier than wattr, scentless and taste- 
less when pure, generally of a yellow or brown colour; 

• non-conductors* of electricity, hut themselves readily 
electric by friction. Combustible in the open air with 
much flame and black smoke, which, when collected, 
condenses into the well-known substance lamp-black. 
The substances jn this class are common resin, colopho- 
ny, pitch, balsam of copiuba, copal, elemi, mastic, sanda- 
racli, dragon blood, some viscid turpentines, Burgundy 
pitch, and a few others. For analyses of these bodies, 
see Gay Lussae and .Thenard, Rccherchcs , and some 
curious experiments by Mr. Hatchett, Phil. Trans, vol. 
xciv., xcv., xevi. 

. (1018.) Gum Resins. These substances are exudations 
from the bark aud branches of trees ; they are much 
used in Medicine and in the Art%. *Iu this class are 
asaalo»tida,gum ammoniac, galbanutn, oltbanum, nfyrrh, 
opoponax, scaromony, aloes, lac, and a few others. For 
the Natural History of these bodies, consult any good 

* Pharmacopoeia* * 


(1019.) Balsams. These, #ike the last mentioned, are Part III, 
in fact compound bodies, and for the most part consist 
of resin, benzoic Acid, with some oil peculiar to each. 

For examples we may name balsam of Pert), balsam of 
Tolu, benzoin, and storax. 

(1020.) Caoutchouc. This useful and curious sub- 
stance is the inspissated juice of three or four East 
Indian and*Americun plants. 

(1021.) IVax. Many plants seem to elahopate this 
substunce by vessels proper for its production and de- 
position ; it exists in the*pollen of plants, and hence is « 
collected in large quantities by bees. " A question 
arisen whether these animals only collect wax, or have 
the power of secreting it: the latter is the opinion of * 

Mr. Iluber. 

(1022.) Camphor. This substance exists in various 
species of the genus Laurus y but is principally obtained 
in Japan from the Laurus camphora. It is subsequently 
refined in Europe by sublimation. See C lenuindot, 

Jour, de Phannacie , vol. iii. p. 323 ; An. de Ch. vol. 
xxi., xxxvii., xl., xlviii. ; An. de Ch. et Ph. vol. iv. 
p. 310, and vol. viii. p. 78 ; Chevreul, An. de Ch. vol. 
lxxiii. p. 167. • 

(1023.) Alcohol. This substance well known in an 
impure state as spirits of wine, is then combined with , 
water from which it is by no means easy to efleet a se- 
paration. Alcohol is a product formed during the vinous 
fermentation : hence it exists in wine, beer, &c. To this 
substance these Liquids owe their intoxicating properties. 

The Specific Gravity of the purest alcohol, supposed an- 
hydrous, is 0.796 at 60° Fahrenheit. When its Specific* 

Gravity is 0.620, it boils at 176° Fahrenheit, and is 
highly inflammable. It is not clear that alcohol has 
never been frozen : Mr. Walker found it fluid at — 91° 
Fahrenheit. Alcohol dissolves potussa, sejda, lithia, 
ammonia, and the vegetable alkalis, but does not act on 
the earths, or metallic oxides. Whether alcohol existed 
in wines us such, was formed during their distillation, 
was long doubted ; but the question was at length de- 
cided in Ihe affirmative by some good experiments of * 

Mr. Brunde. On the modes of obtaining pure Alcohol 
see Guy Lussae, An. de Ch. vol. Ixxxvi. A curious fact 
is mentioned in the Journal of Science , vol. xviii., 4 »z. 
that if impure alcohol, contained in an ox’s bladder, be 
suspended in the air, the water escapes, and the alcohol 
becomes concentrated. On the constitution of alcohol, 
see Satissurc, jun. An. de Ch. voi. Ixxxix. For strength 
of alcohol, see Table IX. 

(1024.) /Ethers. M. Thenard "divides tethers into 
three classes: I. those *which consist, of hydrogen, 
carbon, and oxygen ; and arc formed by the mutual action 
of certain Acids, alcohol, and water ; 2. those which 

result from the combination of bicarburetted hydrogen 
wilh some Acid employed in their formation ; and 3. 
those which consist of a direct union of alcohol with the 
Acid employed for their formation. * • 

Of the first 'kind are sulphuric, phosphoric, arsenic, 
and fluo-boric. Of the second kind are hydrochloric, 
hydriodic, and hydro-fluoric. And of Jjie third, nitric, 
and several produced by vegetable Acids. 

As an example of this sort of substance, take suJ- • 
phuric.ffither, Sulphuric Acid is added to an equal 
quantity of alcohol in a glass flask, but with great cau- 
tion agitating it on each addition of Acid. A gentle heat . 
is then applied, «nd the aether»distils over, and is con- 
densed in a cool receiver. Sulphuric aether has a pun- 
gent, and to most persons an agreeable odour* Its 

• v , ■ . 5 i> 2' * ■ * 
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Chemistry. Specific Gravity is about 0.7, and it is highly volatile. 

Consult Thenard, Systdme, vol. iv. p. 146 ; Mem . 
d'Atcueil) vol. i. ii. 

(1025 .) Bitumens , Coal , Amber , <tyc. It would re- 
quire volumes to do justice to the Natural History of 
this importunt class of substances, which we must dis- 
miss after a few lines of description. All are generally 
believed to be the results of the spontaneous decom po- 
sition of Vegetable matters, though the period at which 
they must have flourished is, in many cases, very re- 
, mote. Bitumens proper, anfl naphtha, a more limpid 
apd volatile bitumen, (containing no oxygen,) are ge- 
nerally found as exudations fiotn the' earth in parts 
subject to the operation of volcanic fires. Coal is found 
in extensive deposits in several parts of the earth, and 
forms by far the richest mineral treasure of England. 
Amber is found in masses, chiefly on the Northern 
European shores ; and on the coast of Sicily, near the 
mouth of the Giuretta* Retiuasplmlt, first described by 
Mr. Hatchett in the Phil. Trans, for 1804, is found in 
small quantity with brown coal at Bovey, in Devon- 
shire. 

1 CLASS 111. 

Vegetable Proximate Kli ments in which the Oxygen and 

* Hydrogen are m just 'proportion for the formation Iff 

water . 

All substances in this class are solid, heavier than 
water, scentless, and have no action on Vegetable co- 
lours. They are not volutile, but are altogether decom- 
posed by heat. When placed in contact with 100 or 
150 times their volume of chlorine, they become carbon- 
ized in a few days, und the chlorine passes to the state 
of hydrochloric Acid Gas. 

(1026. ) .Sugar. Of this substance four kinds at least 
are recognised by Chemists : that of the cane, beet-root, 
and other such Vegetables ; of the. grape, and other 
fruits; of some of the Fungi ; and#that which is found 
in the urine of persons labouring under one variety of 

• Diabetes. 

(1027.) Honey is a substance greatly analogous to 
sugar in its nature, secreted by some plants, and col- 
lec^pd by bees. It has been questioned how fur the 
process performed by this interesting animal is secretive 
or merely a process of mechanical separation. On this 
point see Huber, Jour, de Pfiys. 1804. 

(1028.) Mu unite. This name is given by M. Thenard 
to the saccharine principle of iiiaunu, an exudation from 
some species of a^h.* • 

(1029.) Asparagine. Thefegetable principle peculiar 
1o asparagus; discovered by MM. Vaucpielin and llobi- 
quet. See An. dr Ch. vol. Ivii. p. 88. 

(1030.) Starch , This name is applied generally to a 
substance found in a great number of roots and grains ; t 
and formiugavery considerable share of their nutritive 
substance. Consult Saussure, An. Phil. vol. vi. and 
An. de Ch. et Ph. vol. xi. ; Caventou,* An. de Ch. ct 
• Ph. vol. xxxi. 

(1031.) Gufn. This useful proximate element is ob- 
tained as an exudation from several plants. The most 

, plentiful variety is from the Mimosa genus, growing in 
hot Countries, and well known as Gum Arabia. The 
gum of the plum and cherry tree, and even the muci- 
lage obtained by macerating linseed, are believed to he 
varieties of the ■substance. See Bo stock, Nich. 
Jour . vol. xviii. 

(1032.) Lignin, or Woody Fibre. The main solid 


constituent of all trees and plants. See Bracormot, ftrtfff. 
An. de Ch. et Ph. vol, xii. 

CLASS IV. 

Vegetable Colouring Principles. 

The substances in this class are found in various 
parts of Vegetables ; and as they are of great import- 
ance in the Arts, they have formed the suhjeet of nume- 
rous experiments by the most expert Chemists. 

(1033.) Htematine. The colouring principle of log- 
wood, described by M. Chevreul, An. de Ch. yoI. Ixxxi. 

p. 128. 

(1034.) Carthamine. Such might serve for the name 
of a deep-red colouring matter obtained from the Car - 
thamus tmctoruisy hut which has as yet been little ex- 
amined. 

(1035.) Indigo. This most valuable and curious Ve- 
getable product is obtained chietly from a genus of 
plants produced in Asia and America, and also of in- 
terior quality from the / satis tinctoria , which has long 
been cultivated in Europe. Sec Chevreul. An. de Ch. 
vol. lxvi. p. 29 ; also lb. vol. lxxii. and Ixxviii. 

(1030.) Pofychroite. Such is the name given by 
MM. Bouillon Lagrange and Vauquelin to the colouring 
principle of satfron, in consequence of the great variety 
of tints which it is capable of assuming. (irrAiV, many, 

Xpou. colour) See their Memoir, An. de Ch. et Ph. 
vol. hxx. and that of M. Henri, Jour, de Phar. vol. vii. 

(1037.) Carmine. This beautiful pigment is formed 
from the colouring principle of cochineal with alumina 
or oxide of tin for a base. Cochineal is obtained from 
an insect which feeds on the leaves of several species 
of Cactus. See Pelletier and Caventou, Jour, de Phar. 
vol. iv. 

Other red dyes are obtained from madder, Brazil 
wood, &c. The principal yellow dyes, are Reseda luteola ; 
quercitron bark ; fustic ; turmeric ; iermimbouc, &c. 

Ac. 

Upon a knowledge of these substances the Art of 
Dyeing depends. See Chaptal, Chimie apptiqnec aux 
Arts ; Bancroft, on Permanent Colours ; Bcrthollet, 

Element de I'Art de la T tin in re ; Henry, Munch. Mem . 
vol. iii. ; and Thenard and Rowdy* vi/t. deCA.vol. Ixxiv. 

CLASS V. 

Vegetable Proximate Elements not noticed in any of the 
preceding Classed. 

t 

Many substances which will be, or might be, here 
mentioned, will, most probably, upon further investiga- 
tion, require to be placed in some one of the preceding 
classes ; but tlii^ is au intricate depart men L of tluv 
Science, mid in it there have been but few zealous la- 
bourers. C 

(1038.) Gluten. This substance is sometimes termed 
vegeto-aniinal, from partaking of the nature und pro- 
perties of animal matter. It is a tough, elastic sub- 
stance, most readily obtained Jiy washing away the 
iacculu, mucilage, &c. from paste made of any kind of 
corn M. Taddei has recently stated gluten to consist 
of two distinct principles, gliadinc. soluble in alcohol, and 
zymome , which has not that property. An. Phil. vol. xv. 

(1039.) Yeasf. Xhe peculiar principle of this sub-* 
staudfe is calletf by some writers Ferment Its distinct 
tive property is thal of exciting fermentation in Vege- 
table mutter under certain conditions, 

IQ40.> Tannin . This curious and important body 
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CbemUtry. extet* in the bark of trees, in the gall-nut, and in the 
* juices of some plants, as the Catechu and Kino ; and 
chiefly in such leaves as possess astringent properties. 
Tannin is soluble in water, and is remarkable for the 
combinations which it forms both with Acids arid alka- 
lis. It has a strong affinity for oxide of iron ; and upon 
the durable, insoluble compound which it forms with 
gelatine depends the valuable Art of the Tanner. 

Mr. Hatchett discovered a inode of forming tannin 
artificially by the action of nitric Acid on charcoal and 
some bituminous substances. See Hatchett, Phil. 
JTram. or An. de Qh. vol. lvii. ; Chcvreul, An. de Ch 
vol. lxxii. p. 113, and vol. lxxiii. p. 36. 

^ (1041.) Amidine rests on the authority of M. 

Saussure, who obtained it from starch. An. de Ch. et 
Ph. vol. xi. 

(1042.) Bassorine. The principle of gum bassora. 
See Vuuquelin, Bulletin de Pkar. vol. iii. p. 56. Thhe 
tar les Gonmm Re sines, PeUeticr, p. 23. 

(1043.) Bryanine. A principle in the juice of the 
bryony plant. See Jour . de Chim. Med. vol. i. p. 345, 502. 

(1044.) Cathartin . The active principle of senna. 
An. de Ch. et Ph. vol. xvi. p, 20. 

(1045.) Cerine. This name is proposed by M. 
Chevreul for a fatty substance found in cork. 

(1046 ) Cytisine. A substance like gum arabic, ob- 
tained by MM. Cbevallier and Lassaigne from the seeds 
of the Cylisus laburnum. Jour . dePhar, vol. iv. p. 340, 
and vol. vii u. 235. 

(1047 ) Extractive. This name is perhaps rather 
vague: it has been said that saffron, by maceration in hot 
water, affords the type of true extractive matte. ; but the 
term has been frequently applied to whatever could be 
extracted from a plant by a similar process, provided no 
peculiar principle were recognised. 

(1048.) Fun gin. The name applied by M. Bracon- 
not to the solid matter of the Fungus tribe. 

(1049.) Jetlyt Thit> term is given to the gelatinous 
matter which is fdund in many fruits: the currant und 
gooseberry afford godd examples. 

(1050.) Gentianin. The principle found by MM. 
Henri and Caveutou in the gentian root. Jour de Phar, 
vol. vii. p. 173. • • 

. (1051.) Hordein. A principle found by M. Proust 

* in barley. An. de Ch. vol. xlvi. p. 294. 

(1052.) Inutine. Thhf name was proposed by Dr. 
Thomson for«i principle discovered by M. Rose in the 
# Inula Helen ium. and subsequently in some other roots. 

(J053.) Lupuline. First recognised by Dr. Ives 

• of New York in the hop ; and subsequently examined 
by MM. PJunche, Payen, and Cbevallier. Jour, de Phar . 
tol. viii.jx 209. 

(1054.) Piperine. A principle discovered by M. 
GB rated ill# common pepper, and by him supposed an 
alkali. M. Pelletier, however, did not find it possessed 
of alkaline properties. * 

(1055.) Olivine. t This substance was discovered by 
M. Pelletier in the gum of the olive tree. Jour . dc 
Phar. vol. u. p. 337. 

(1056.) Sarcocolle. A substance which exudes from 
the Peneea sareocolla , a tiee of Northern Africa. 

(1057.) Svherine. The name proposed by M. 

9 Chevreul for the cellular tissue of cork. # 

(1058.) Ulmin. Discovered, in .1797, by M. Vau- 
* quel in in a substance often seen to issue from the bark 

of the elm. See An. de Ch. vol. xti. p. 44 ; Who An. 
* de Ch. et Ph. vol. xii. * . 


(1059.) Caffein. Recognised by M. Robiquet in Part III. 
coffee ; and independently by MM. Pelletier and Ca- 
ventou. See Jour, de Phar . May, 1826. , 

(1060.) Colocyntkin . The name given by Vauque- 
lin if) whnt he considered the peculiar principle of, the 
colocyuth apple. See Brandes, Jour. vol. xviii. p. 400. 

* Fermentation. 

Certain Vegetable Proximate Elements, such as al- 
coho!, some pure Acids, and alkalis, may be left to them- 
selves and undergo no changes Otherft, such as sugar, 
gum, starch, &c M can be left but a very short time bJ- 
ibre spontaneous changes commence among their ulti- • 
mate elements, and new combinations result To these 
spontaneous changes the name of Fermentation is gene- 
rally applied. It is to be remembered that so long as 
healthy, organic life is found in Vegetable matter. Fer- 
mentation does not commence. Four sorts of piqducts 
give names to the four recognised kinds of Fei men- 
tation. i 

(1061.) Saccharine Fermentation. The only real 
instance of this process is seen in starch, which by being • 
kept in a moist state for a considerable time is gra- 
dually converted into sugar. Saussure, An. de Ch. et 
Ph. vol. xi. p. 379. * 

*(1062 ) Vinous Fermentation. It is generally sup- 
posed that the Vinous Fermentation depends entirely 
upon the conversion of sugar into alcohol ; and that in 
order that the process should take place, water and yeast 
must be present with a certain elevation of temperature.* 

The conversion of the elements of the sugar into alcohol 
has been elegantly illustrated by M. Gay Lussuc, An. de 
Ch vol. xcv. p. 317. In the process as it takes place 
in the juices of fruits, yeast is not added, as there seems 
to be present some principle capable of commencing the 
operation spontaneously. The well-known operations 
of making beer, wine, and spirits, depend upon the 
formation of alcohol from Vegetable decoctions, or from 
the juices of fruits and trees. See Colin, An. de Ch. et 
Ph. vol xxviii. xxx. ; on wine. An. de Ch. et Ph vol. 
xviii. p 3h0 ; Duportal, An. de Ch. vrtl, Ixxvii. p. 17S. 

(1063.) Acetous Fermentation. Paste and numerous 
Vegetable substances, especially of a mucilaginous na- 
ture, become sour by keeping; and this whether they 
be exposed to the air or not. This, though it arises from 
the conversion of their elements into acetic Acid, is not 
to be considered the true Acetous Fermentation. The 
process to which the name is strictly applied, takes place 
upon some Liquid in which alcohol is existent from 
having previously undergone the vinous Termeutation ; 
or, which amounts to the same thing, alcohol may he 
mixed with water. For the Acetous Fermentation 
to take place, some elevation of temperature is re- 
•qmsite, and the presence of yeast, or some such snl>-. 
stance, in order to determine the commencement of the 
process. A temperature. of from 60° to 80*^ Fahrenheit 
succeeds best. The operation depends on the conver- 
sion of alcohol into acetic Acid. # # 

(1064.) Putrefactive Fermentation. Vegetable sub- 
stances, when exposed to a certain degree of wnnntn % 
and moisture, frequently undergo this action, which 
consists* in a decomposition of the bodies, and a recom- 
position in some other form or forms. Generally speak- 
ing, the more complex’tlie body the more moisture is 
present, and the* more readily does this process take 
pluce. Those substances, however, in which carbon and 
hydrogen prevail, such as alcohol, resins, and oils, ure 
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Cbemiitry. the least subject to this process, and some are not liable 
to it in any degree. By the Putrefactive Fermentation 
my st disagreeable effluvia are produced, and the sub- 
stances are resolved into carburetted hydrogen Gases; 
carbonic Acid; ammonia, if nitrogen be present; water; 
acetic Acid in some cases; and solid carbonaceous 
matter. 


CHAPTER II. 

* Chemistry of Animal Bodies. 

The Substances which we shall enumerate in this 
Chapter consist of oxygen, hydrogen, carbon, and ni- 
trogen, as their chief elements ; hut small portions of 
other substances are united with these, so as to pro- 
duce important modifications in their generul proper- 
* ties. "The first three of our classes will consist of simple 

proximatg elements ; while the last class will contain 
those complex Fluids or Solids, which are distinctly re- 
t cognised us ministering to the functions of animal life. 

CLASS I. 

Substances neither acid nor oleaginous. * 

These bodies are altogether decomposed by destruc- 
tive distillation, and produce water, carbonic Acid Gas, 
carbonate of ammonia, compounds of cyanic Acid, 
r with ammonia in very minute quantities, Gaseous oxide 
of carbon, a fetid, animal oil, carburetted hydrogen Gas, 
nitrogen, and chureoal of a very dense texture. All are 
decomposable by nitric Acid. 

(1065.) Fibrin. This is the main substance of mus- 
cular fibre, and it exists abundantly in blood and in the 
chyle. It is a white, solid, tasteless substance. See 
Chevreul, An de Ch. vt Ph. vol. xix. ; Gay Lussuc, An. 
de Ch. ct Ph. vol. iv. ; Berzelius, An. de Ch. vol. 
Ixxxviii ; Braconnot, An. de Ch. et Ph. vol. xiii. 

(106G.) Albumen. This body is tound in most ani- 
mal Fluids and Solids; and almost pure in the white 
of the egg. Jts most marked property n the power 
of* coagulation by heat. See Chevreul, An. de Ch. et 
Ph. vol. xix.; Braude, Phil. Trans. JSU9; Lassaigne, 
An de Ch. et Ph. vol. xx. ; Bostoek, Medico-Chir. 
Trans, vol. ii. 

(1067.) Gelatine. A substance readily soluble in 
water, and which forms a poitinn of most of the hurder 
parts uf animals. 'GJife is gelatine obtained by boiling 
the skins and* hoofs of animals. Isinglass, a more pure 
or delicate sort, is obtained from the stomachs of certain 
fishes. Tannin has a strong affinity for it, and thus 
precipitates a solid compound of the two elements. See 
Gay Lussac and Thenard, Reck. vol. ii. p. 336. ■ , 

(106B.) Caseous Matter. A substance existing in 
fnilk, and Separated for the making of cheese. See 
Proust, An. de Ch. et Ph. vol. x'. p. 29'. 

(1069.) Urea . # A singular crystalline Solid which 
forms 'a very important ingredient of urine. See Prout, 
Medico-Chir . T~ans. vol. viii. p. 529 ; Vuuqueliu, An. 
* de Ch. vol. xxxii. p. 80. 

(1070.) Picromel. A substance foun ( d in the bile. 
See Thenard, Mem. <TArcueil t \ ol. i. ; Berzelius, Medico- 
Chir. Trane, vol. iih ; Tiedenutnn and Gmelin. 

(1071.) Sugar of Milk. This seenrfs to be’ of the same 
uature with the sugar already mentioned (1026.) as 
occurring in the urine of diabetic patients. See Vaa- 


quelin, Bulletin de Pharmacies vol. Hi, p. 49; Vogel, Fwt HI. 
An.de Ch. vol. lxxii. p. 156 ; Gay Lussac and Thenard, Vi ^ y ^ 
Rech. 

CLASS II. 

Animal Acids. 


Among Animal matters Thenard names twenty-six 
Acids; nine differing altogether from fatty bodies; ten 
very considerably allied to them in Nature ; three totally 
differing in origin and constitution ; whilst some others 
are common to the Animal and yegetable, or to thp 
Animal and Mineral kingdoms. 

Acids more or less oxygenated, and differing consider- 
ably from fatty Bodies. 

(1072.) Uric , or Lit hie Acid. This peculiar Acid 
was discovered by Scheele, in 1776 ; it exists with nu- 
merous other substances jn the urine of many of the 
higher animals. See Henry, Munch. Mem. N. S. vol. ii, ; 
Prout, Medico-Chir. Trans, vol. ix. 

(1073.) Pyro-vric Acid. If uric Acid be exposed to 
heat in a retort, this Acid is formed and volatilized. See 
Chevallieraud Lassaigne, A n.dcCh. et Ph. vol. xiii. p. 155. 

(1074.) Purpura* Acid. This Acid was first recog- 
nised by Dr. Prout, and has exercised the ingenuity 
of some of the best Chemists, but at present it is not 
well understood. It is obtained by digesting pure uric 
Acid in diluted nitric Acid. See Prout, Phil. Trans . 
1818 ; Vauquelin, Mem. du Mus. dHist. Nat. vol. vii. 
p. 253, and vol. ix. p. 155 ; Brugmitelli, An. de Ch. et 
Ph. vol. viii. p. 2Ul ; Lassaigne, An. de Ch et Ph. vol. 
xxii. p. 334. 

(1075.) Rosa cic Acid. This substance lias only been 
occasionally tound in urine. See Proust, An. de Ch. 
\ol. xxxvi. p. 25S ; Vauquelin, An. de Mus. d'Hist. Nat. 
vol. xvii. p. 133; Vogel. Jour, de Phur. vol, ii. p. 27. 

(1076.) Ammotic Arid. This Atvd was found by 
MM. Vauquelin and Buniva in analyzing the amniotic 
liquor of a cow. See An. de Ch* vol, xxxiii. p, 279. 

(1077.) Lactic And. Scheele discovered this Acid 
in sour whey, in 17M). Berzelius considers it only the 
acetic disguised by the presence pf Animal matter, and 
the same opinion is maintained by Tiedemann and , 
Gmelin in their important Work on digestion, Die Ver- 
dun unc nark Versuche Ueidilberg , 1826. 

(1078.) Formic Acid. This’ Acid exists in some 
species of ants. See Suerson, Gehl. Jour. vol. iv^p, l ; 
Gehlen, An. de Ch. vol. Ixxxni. p. 208; Dohereiner, 
An. de Ch. et l J h. vol. xx. p. 329, 

(1079.) Caseic Arid. M. Proust, who discovered 
this acid substance, first called it Caseous Oxide, «a 
name which more recent authors have changed to 
Cu/ieic Acid. Proust, An. de Ch. et J*h. vol. x. p. 29. 

(1080.) Cyanic Acid. We have already mentioned 
this Acid iti another part of th*s Treatise.# (472.) « 


The. following Acids contain little Oxygen , and ap- 
proach to fatty Substances in their Constitution and 
Properties . 

(1081.) Sebacic Acid. This Acid results from the 
distillation of fatty matters. M. Thenard first recog- 
nised it. See An. de Ch. vol. xxxix. p. 193. 

(1082.) Cholesteric Acid . f The sebaceous matter 
contained iti the biliary calculi of man was termed 
Cholestirine by M. Chevreul. By treating this sub- 
stance vVith nitric Acid* MM. Pelletier and Caventou 
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Chemistry, obtained ft peculiar Acid, and gave to it the name of 
'■’■V"**' Cholesteric Acid, See Jour . de Phar. vol, hi. p. 292. 

(1083.) Stearic Acid . M. Chevreul, the discoverer, 
so named this Acid from <xTea/>, fat. He considers the 
formation of this Acid, and its union with an alkali, the 
essential process in the formation of soap. See Che- 
vreul sur les Corps Gras. 

(1084.) Margaric Acid . Discovered also by M. 

Chevreul, and named? from its pearly appearance, from 
a pearl. This Acid exists in the fat of 
animals. See Chevreul, op. ciL 

• (1085.) Oleic A yd. Another of M. Clievreufs Adds, 

forming part of the same fatty matters, and capuble, 
like the others, of saturating alkaline buses. 

(1086.) Phoceni.c Arid. An Acid obtained by M. 
Chevreul, by acting on a peculiar oil with alkalis. 
This oil, called Phocenine, he obtained from the oil of 
ttie porpoise. (Delphi nvs phoemna.) 

The Butyric , Caprvic , Capri.r, and Hircic Acids have 
similar animal origin, and may be found in the Work 
of Chevreul. An Acid, calk'd the Ceoadic , is described 
by Pelletier and Cavctitou, An. tic Ch. el P/i. vol. xiv, 
p. 71. 

CLASS in. 

Qleatxi no us A n i m al S a hstan res . 


The substances referable to this class have the fol- 
lowing general properties. They become liquid at very 
alight elevations of temperature ; are insipid; very in- 
f lu mumble ; insoluble inwhter; produce by distillation 
a small carbonaceous residuum, with much fetid oil ; 
but by being passed in a state of vapour through a 
heated, porcelain mhe, they deposit much carbon and 
evolve csirburetted hydrogen Gas : they do not contain 
azote, and but little oxygen. INI. Berard obtained a 
substance very similar in general properties by trans- 
mitting a mixture of one volume of carbonic Acid, ten 
volumes of caiVnirelkd hydrogen, and twenty volumes 
of hydrogen thrdugh a red-hot tube. Dobercmer pro- 
duced a similar client from a mixture of coal Gas and 
aqueous vapour. 

(1087.) M. Thenard says, that before the researches 
of M. Chevreul the yolknis formed relative to the latty 
, bodies were altogether inaccurate. “ The fats were con- 
sidered similar to the fixed oils, in being all as different 
from each other as tliejf could be ; that is to say, as 
much so as the vapftus species of sugar. M. Chevreul 
bas.demonstrated that they are fomposed of a certain 
number of ultimate elements, and that the greater part 
differ from eaefi other only by the relative proportions in 
which these e$ist. Of these he distinguishes eight 
♦species, to which he gives the following names : Si cart tie. 
Oleine, Cetine , Colesterine , Ethal, Pkoceine, Butyrate, 
and Mircine. 9 ♦ , 

“ These are divisible into four well-marked groups. 

• “ The hast containing fatty substances which are not 
altered by alkalis, 4 aud are not capable of uniting toge- 
ther, viz. cholesteriiic«uiid cthul, 

“ The second are convertible by alkalis into glycerine 
and oleic, margaric, or stearic Acid. Stearine of the 
sheen, stearine of man, and oleine. 

•‘The third contains those which are transformed by al- 
, kalis into ethal, and into margaric aad oleic Acids. Cetine. 

44 The fourth comprehends those bodies which the 
alkalis change into glycerine, into ‘volatile Acids when 
distilled with water, and into oleic Acid, or’oleic and 
margaric Acids ; phoceine, butyrine, hi reined 


It is not in our power to enter into the detail of these 
substances, so that we must refer our readers to the 
excellent Work of M. Chevreul sur les Cory* Gras. 

• 

CLASS IV. 

Complex Animal Substances, * 

Besides the substances which have fallen under the 
preceding three Classes, there are certain other proxi- 
mate elements, which enter more or less into the com- 
position of Animal matters. Such arejeertain earthy or 
alkaline phosphates, carbonates, and sulphates; zotpe 
Vegetable Salts with alkaline or earthy bases ; some 
oxides; and some Salts formed by Animal Acids. 

These, however, are inconsiderable in quantity, and 
are not exactly the bodies to which we turn our attention 
at this moment. We place in this class those Solids 
and Fluids which enter into the constitution of living 
animals. These substances are in general formed of 
numerous ultimate elements, which may be supposed to 
exist in groups, foiming again proximate elements, by 
which the constitution of each substance, as blood, bile, 
Ac., may be described. 

Secretions subservient to the function of Digestion. 

* (10S8.) Saliva. A limpid Fluid, secreted by glands 
surrounding the mouth, and poured forth in consider- 
able quantities, to be mixed with the aliments during 
mastication, and conveyed with the food into the 
stomach. Sec Berzelius, An. de Ch. vol. Ixxxviii. 
p. I ‘23; Lassnigne, An. de Ch. et Vh. vol. xix. p. 176. * 

(1089.) Pancreatic Juice. A Liquid secreted by the 
pancreas, a gland situated in the epigastric region, and 
conveyed by duets opening into the duodenum. Im- 
mediate use unknown. See Leurct and .Lassaigne, 
Jour, de Chitn. Medicate , vol. i. p. 549. 

(1090.) Gastric Juice. A Liquid, supposed to be 
secreted by the stomach, and unquestionably of great 
importance to the process of digestion. The solvent 
powei of this Fluid is most remarkable. See Johnson, 
Animal Chemistry , vol. i. p. 180. 

(1091.) Bite. A bitter, yellow, or greenish Liquid, 
secreted by the liver, and conveyed by ducts into»tbe 
duodenum, to be mingled with the aliment which has 
passed thither from the stomach. See Johnson, op. cit. ; 
Thenard, Mem. Armed, vol. i. ; and the Work of 
Tiedemmm and Gmelin. 

Substances immediately resulting fy>m digested Aliments. 

(1092.) Chyme. The aliments are conveyed into the 
stomach, and there converted into a sort of pulpy 
matter, which is termed Chyme For greater clearness, 
this substance is mentioned, though, as must be obvious, 
it*is not a Chemical element of uny sort; nor at all 
definite in its composition. See Marcet, An. de, Ch. et 
Ph. vol. ii. p. 50 ; Prevost and Le Royer, An. des 
Sciences NatitTelles, vol. iv. p. 481. 

(1093.) Chyle. This name is applied to the Liquid 
absorbed by the lacteal vessels dispersed throughout the 
small intestines, and from them conveyed into the 
thoracic duct. Chyle is a white, opaque, milky-looking 
fluid. • See Yaoquelin, An. de, Ck. vol. lxxxi. and vol. 
xciv. ; Bratide, Phil. Trans. 1812 ; Prout, An. Philos . 
vol. xiii. ; Prevost and Le Royer, ut sup. 

(1094/)* Blood , The general appearance of this 
Fluid must be familiar to all : very numerous have been 
the researches made upon it by Chemists, especially 
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Chemistry, with reference to its colouring principle. Blood con- 
tains Wuier, albumen, fibrin, a coloured Animal sub- 
stance, a small quantity of fatty matter, and some 
Saits. When recent healthy blood is left at rest, it 
shortly separates into two portions, the one a transpa- 
rent, yellowish Liquid called the serum ; the other an 
opaque, reddish or brownish coagulum, The latest 
researches on this much agitated subject have i roved 
that iron is the colouring principle of the Blood. 

See Bostock, Medico-Chir. Trans, vol. ii. p. 1 66 ; 
Marcet, Medicu-Chir . Trans, vol. iii. p. 231 ; Vauquelin, 
An. da Ch. at Ph . vol. xvi. p. 363 ; Prevost and Dumas, 
An. de Ch. at Ph. vol. xviii. p. 280, and vol. icxiii. p. 50 ; 

/ Brande, JPhil. Trans. 1812; Engellmrdt, Edinb. Med. 

and Surg. Jour. Jan. 1827 ; Berzelius, Animal Che- 
mistry. 

(1095.) Urine. This excrementitious Fluid is sepa- 
rated by certain glands, the kidneys, in order to be re- 
jected from the system. This Liquid has been the 
subject of very numerous researches, in consequence of 
its important pathological relations. Consult Cruick- 
shank in Hollo, on Diabetes, 2d Ed. ; Berzelius, Animal 
« Chemistry ; Henry, An. Phil. vol. i. ; Scheele, Essays ; 

Vogel, An. de Ch. vol. xciii ; Front, An. Phil . vol. xv. ; 
f Berzelius, An. Phil . vol. ii. ; Nicolas, An. dc Ch. vo^ 
xliv. ; Dupuytreu and Thenard, Jbid. vol. lix. ; Four- 
croy and Vauquelin, An. da Ch. vol. xxxi. xxxii. ; Wol- 
laston, Phil. Trans. 1797 ; Berzelius, An. de Ch. vol. 
lxxxix. ; Proust, An. da Ch. at Ph. vol. xiv. ; Prout, 
On the Nature and Treatment of Calculous Disorders. 

* (1096.) lnttslinal Gases. A mixture of varied con- 

stitution, examined by C'hevreul and Mugendie, An. de 
Ch. at Ph. vol. ii. ; La me y ran and Freniy, Bulletin de 
Phannacic , vol i* 

(1097.) jFVrccs. Excrementitious matter rejected from 
the system ns not affording nutriment. See Berzelius, 
An. de Ch. vol. lxi. Of animals, Fourcroy and Vau- 
quelin, An. da Ch. vol. lvi. ; Vauquelin, Ibid. vol. xxix. ; 
Proust, An. de Ch. at Ph. vol. xiii. 

Solid Parts of Animals. 

(1098.) Cerebral Matter. This constitutes the brain, 
spiral marrow, and nerves of animals. See Vauquelin, 
An. Phil. vol. i. 

t (1099.) Skin. This consists of three distinct layers. 

The exterior is the epidermis , or cuticle ; the central is 
the ri'tti rnmxmtm ; and the interior, which covers the 
muscles, is the true skin. See Johnson, An. Ch. vol. i. 

(1100.) Tendons , Membranes, and Ligaments. These 
seem to consist almost entirely of gelatine. 

(1101.) IVool, Feathers , and Hair appear, from the 
experiments of Vauquelin, to contain a peculiar Animal 
substance, with oil, sulphur, silica, iron, phosphate, and 
sulphate of lime. 

. (1102.) Horn. The hoofs and nails of animals con- 
si^ chiefly of* gelatine, with a matter analogous to 
coagulated albumen. • • 

, (1103.) Muscle. This the flesh is chiefly fibrin ; but 

besides <*mull pprtiousof other ingredients, it contains a 
peculiar substance called osmazoma ; this produces the 
, odour and nutritive portion of soups. 

(1104.) Bonc t Teeth , and Shell. Bone consists of 
a cartilaginous mass, rendered solid by interposition of 
earthy matter and gelatine. The earthy matter is 
chiefly phosphate and carbonate of lime. Teeth and 
ivory seem, by the analysis of Allen and Pepya, to 
contain a much larger proportion of earthy substance, 


and less soluble matter. The shell of eggs, crabs, Fart III. 
lobsters, and star-fish consists chiefly of carbonate of 
lime, with a little phosphate and Animal matter. In 
the shells of oysters and ordinary Mollusca , the phos- 
phate of lime is absent. 

Glandular and Membranous Secretions. 

(1105.) Lymph . A colourless and transparent Liquid 
which circulates through a certain order of vessels, 
which seem to commence near the extreme ramifications 
of the arteries, and, uniting to form larger channels, 
return the lymph into the thoracic, duct. See Braude; 

Phil. Trans . 1812; Leuret and Lassajgne, Jour.de ^ 

Ch. Mad. vol. i. p. 155. t 

(1106.) Synovia . A Liquid secreted by a system of 
glands for the purpose of lubricating the joints, and 
the ligaments uniting them. See Margueron, An. de 
Ch. vol. xiv. ; Vauquelin, Jour, de Phar. vol. iii. 

(1107.) Faital Liquids .* These Fluids are contained 
within the respective membranes surrounding the foetus . 

The exterior being the chorion, the intermediate one the 
allantois, and the interior the amnios. SeeDulongand 
Labillardiere, Pi ocas- Verbal de la Stance Puhlique dt 
l Ecole d'Alfnrt. , lb 17; Lnssaigne, An. da Ch. et Ph. 
vol. xvii. p. 295. 

(1108.) Humours of the Eye. Of these there are 
three: 1st, the aqueous , in the anterior chamber be- 
tween the transparent cornea and the iris, and also in 
the posterior chamber between the iris and the crystal- 
line lens ; 2dly, the crystalline lens itself ; and 3dly, the 
vitreous humour , occupying a considerable space at the 
back of the crystalline lens. See the experiments of 
Cheuevix, Nicolas and Berzelius, Itibl. Brit. vol. liv. ; 

An. de Ch. vol, liii. p. 307, vol. lxxxvii., and lxxxviii. 
p. 13S. 

(1109.) Tears. A limpid Fluid, analyzed by MM. 

Fourcroy and Vauquelin, An. dr. Ch. vol. \. p, 1 13. 

(1110.) Animal Mucus. This Liquid is not confined 
to any particular part of the body, nor is it secreted by 
any perceptible glandular tissue, lull the secretion takes 
place at the surface of all mucous membranes. It is 
most abundant in the nose, mouth, oesophagus, stomach, 
intestines, urinary passages, Ac. bee Fourcroy and 
Vauquelin, An. da Ch. \ol, Ixvii. p. 26 ; Berzelius, 

Ibid. vol. lxxxviii. p. 1 13. 

(1111.) Perspiration. The' Fluid issuing from the 
system under this name is at all titles parsing ofT, blit 
sometimes as a vapour 1 , when it is called the inseusi- , 

Me perspiration ; at other times in such quantities as>do 
colled in moisture on the surface, when it is called 
sweat. See Berzelius, An. de Ch. vo). Ixxix. p. 20 ; 

Seguin, Ibid. vol. xc. p. 14 • 

(1112.) Milk , a Fluid secreted by appropriate 
glands in animals of the class Mam malic, amhdesigned 
lor the sustenance of their young, contains three distinct 
proximate principles, the cream, eurd, and vdiey. See 
Schecle, Mem. vol. ii. ; Fourcroy aut\ Vauquelin, Menu 
dr /’ Institute vol, vi. p. 22. 

(1113.) Spermatic Fluid. For analyses, dec*, see 
Jour, da Phys ., Jan. 1784, p. 437 ; Vauquelin, Ibid, 
p. 58. sem. 2. 1791; Spallanzani, Tracts , 1799; Vau- 
quelin, An. de Ch. vol. ix. p. 64 ; Prevost and Dumas, 

An. de Hist. Nat. Vol i. p. 167, 274 

Concretion* found in* the Animal System , and all result- 
ing more or less from diseased Action . 

(1114.) * Biliary , Gall stones, as they are called* are 
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C hemwtry. concretions formed in the gall bladder, and found there 
or in the biliary ducts, where they, at times* produce 
serious effects. See Theuard, Mem. dHArcueil , vol. i. ; 
Orfila, An. de Ch. vol. Ixxxiv. p. 34 ; Caventou, Jour, 
de Phar. vol. iii. p. 369 ; Chevreul, Jour, of Science, 
vol. xviii. p. 403 ; Johnson* An. Ch. vol. ii. 

(1115.) Urinary . From the constituent principles of 
the urine these calculi are separated either in the kid- 
neys primarily, or int I he bladder by deposition upon 
some nucleus. They exist also in the prostate gland, 
which in such cases is probably the seat of their origin. 
^On this important subject consult Scheele’g Essays; 
’Wollaston, Phil, 'frans. 1797 and 1810; Foureroyand 
Vauquelin, Mem. de V Inst. vol. ii. p. 112; An. de Mu s. 

* Nat. veil. i. j). 93; Pearson, Phil. Trans. 1798 ; Brande, 
Phil. Tram. 1802 ; Marcet, Essay on the Chemical His- 
tory and Medical Treatment of Calculous Disorders , 
1817; Front, Inquiry into the Nature and Treatment 
of Gravel , Calculus,. $c. 2d edit. 1825; Henry, An. 
Phil. vol. xv. p. 107. 

(1116.) Arthritic. These calculi are formed chiefly 
at the joints of gouty individuals. See Wollaston, 
Phil. Trans. 1797; Vogel, Bulletin de Pharmacie, vol. 
iii. p. 56S ; Langier, Jour, de Chim.Med. vol. i. p. 6. 

(1117.) Salivary . Conerctiofls occur in the salivary 
glands. Those examined are chiefly (roni the larger 
animals. See Lassuigne, An. de Ch. et Ph. vol. xxx. 
j). 33:2 ; Jour . de Pharm. vol. iii. p. 208; Laugier, 
Jour, de C/iim. Med. vol. ii. p. 105. 

(1118.) Pancreatic. Calculi have been found in the 
pancreas, but their nature is almost unknown. 

(1119.) Pineal. In the pineal gland very small 
calculi are frequently met with ; according to Vauque- 
lin, they contain phosphate offline and animal matter. 

(1120) Pulmonary. Fourcroy has mentioned these 
calculi as found in the lungs of old persons, especially 
of those subject to arthritic formations; and he states 
that they are sometime^ expectorated in small fragments. 

(1121.) Intestinal. Concretions, sometimes resulting 
from the intertexturo of indigestible substances, and 
sometimes from the true deposition of calculous matter, 
are described fly the following authors. Foureroy and 
Vauquelin, Mem. du Mu$. d* / list. Nat. vol. iv. p. 329 ; 

• Marcet, op. rtf. ; Brncomiot, An. de Ch. et Ph. vol. xx. 

♦ * p. 191; Robert, Jour, de Phar.\ ol. vii. ]>. 161 ; Las- 

saigne, Jour, de Chim . M*d. vol. iii. p. 119 ; Dublunc, 
Ibid. p. 496. m 


chapter nr. 

* Functions of Animal and Vegetable Life. 

# Animal Life. • 

(1122.) The changes produced upon the various 
a distances employed for the support of life are mainly 
connected with physiological researches, hut to such 
researches Chemistry lends an important and even 
necessary assistance. Food and air are essential to the 
continuation of vitality. The former undergoes mas- 
tication, is mixed with suliva, and then descends into 
the stomach. It i$ there acted ujjoip by the gastric 
* juice, and the mass is # temied chyme. *The changes 
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produced upon the food durfog the process 4 pf digestion 
have exercised the ingenuity of many physiologists. 
Among the most recent and most remarkable dis- 
coveries, is that made by Dr. Prout, and published 
in the Philosophical Transactions for 1824, of the 
production of hydrochloric Acid during this process. 
Passing thence into the intestines the bile and pancreatic 
juice are added to it. Here it is separated into excre- 
mentitious matter to be rejected from the system, and 
chyle to be absorbed by a peculiar set of vessels and 
applied to nutritive purposes. * 

From this period the chyle forms a part of the circu- 
lating system. From the lacteal vessels it is poured 
into the thoracic duct, but whether in the process it un- 
dergoes any further change is not certain. By the 
thoracic duct the chyle is conveyed to the larger veins 
proceeding to the heart; the blood is thence trans- 
mitted to the lungs where the essential process of aera- 
tion takes place. It is then returned to another cavity 
of the heart, from whence it is propelled through the 
arterial system to the utmost extremities of the frame, 
and having there supported and excited all the func- 
tions of vitality in every organ, it is returned again by 
the veins to be mixed with fresh supplies of energetic 
matter, and again diffused throughout the body. 

• The changes produced upon the blood by its passage 
through the lungs have formed the subject of numerous 
experiments. It seems well established that among 
these the absorption of oxygen is most important and 
extensive. Hence (he necessity of the presence ufoxy-t 
gen Gas in air to fit, it for respiration; and the diminu- 
tion of that element which is fnmid to take place in air 
that bus undergone the process. Besides that portion 
of oxygen which goes to aerate the blood, and to pre- 
pare it for the arterial circulation, another* portion is 
converted into carbonic Acid Gas, and emitted with the 
aerial muss that is returned into the atmosphere by 
expiration. 

Vegetable Life . 9 

(1123.) The germination of a seed is the first step 
towards Vegetable life. The seed itself consists of a 
cuticle enveloping the germ, and the cotyledons, *or 
seed-lobes. The germ consists of the radicle and the 
plumula. Moisture, air, and a certain degree of heat are 
requisite for vegetation. The heat most exceed 32° 
Fahrenheit, and must not reach that of boiling water. 
Light, which is of first-rate importance to the growing 
plunl, is injurious to germination. # This process con- 
sists in the developement of the parts already named. 
The radicle descends into the eurih in search of nutri- 
ment ; the plumula expands into the stem and first 
elements of the future tree ; the cotyledons allbrd nutri- 
ment in the early stages of vitality. 

The process of Vegetable assimilation is this. The’ 
root absorbs moisture and soluble Vegetable matter, tlie 
food of the plant. The juices so imbibed are carried 
up through certain vessels, and spread by ramifications 
throughout the leaves, which, actiifg as, aeratiifg sur- 
faces, or lungs, prepare the juices for strict assimilation. 
The juices are then transmitted to the proper vessels, 
returned through the inner bark, nud thence employed 
m the increase of the plant. In these juices the pecu- 
liar properties of each plant chiefly reside. 
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PART IV 

Chemical Analysis. Connection with Mineralogy. 


. ( 1124 .) The object of Chemical analysis is the Sepa- 

- >eml * , ■ ration of all compound bodies into their proximate or 
ultimate elements. For this purpose the first step is 
s the application of’ tests for the purpose of ascertaining 

what the substance before the analyst may be, and what 
efements enter into its composition. When the pre- 
i senee of ( certain elements are ascertained, it becomes 
necessary to devise processes by which each of these 
inay be separated from the rest and its quantity ascer- 
tained. The meeting with a substance no longer capa- 
ble of qualitative division, and differing in properties 
from (ill substances previously known, is the discovery 
of a new element, and forms one of the highest rewards 
to the industry of the analytical Chemist. To enter 
upon these branches of the subject, even in ahstmet, 
would extend far beyond the limits to which u'e are 
confined. On the subject of tests the reader will find 
Payen and Chevallier, Trade des Rcaetijh , valuable 
guides. On the subject of analysis he will do well to 
consult the last Volume of M. Thenard’s Trade de 
Ckimit\ or a translation of it by Mr. Children. Most 
important information will always be obtained by con- 
sulting the numerous analyses in the periodical Trans - 
• actions and Journals. 

It has not been unusual in Treatises on Chemistry to 
insert descriptive catalogues of mineral substances. 


With such a plan we should not concur even if our Part IV. 
limits permitted ; for it would seem that by so doing 
the respective boundaries of MTheralogical and Che- 
mical Science are confounded. It is the province of the 
Mineralogist to describe the substances with which 
he may meet according to all those*' external and phy-* 
sical characteristics by which mineral p are distin- 
guished from each other. In some, but in very few 
cases, Chemistry has made a further separation ; but 
in all cases (he history of a mineral is incomplete unless 
also its Chemical analysis be given. This it is the pro- 
vince of the Chemist to furnish. Thus the full descrip- 
tion of the mineral results drum the application of two 
distinct branches of Science, generally more or less 
united among the attainments of the same individual 
but not essentially coexistent. It would not be difficult 
to name Chemists of first-rate ixcellewe who are not 
Mineralogists; nor, qn the contrary, to point out able 
Mineralogists who are utterly incompetent to the ana- 
lysis of the mineral they describe. Unquestionably the 
wants of the Mineralogist frequently demand the em* 
pin) merit of the skill of the Chemist, but the Chemical 
examination of any substance artificially prepaied and 
placed before him, is as justly the ta^k of the. latter, 
that of the native produce ol the rock and the mine. 
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c H E M rs T R Y. 
PART V. 


T ' -si,’ 


PartV. 


Collection 

TABLE I. 

Table of the Specific Gravity of Gases. See (75.) 
(From Henry’s Elements .) 

Barometer 30°, Thermometer 00° Fahrenheit. 


op Tables. 

TABLE IL 

Exhibiting the Specific Gravity of Muriatic Add of 
determinate Strengths. 


- - - — a- 

Names of Gases. 

Sp. Or. 

VV tight of 
100 cubic 
i lie lit 4 #. 

Authorities. 

• 

Atmospheric mr 

1.0000 

(itainftTmy 

30.500 

Shurkburgh. 

Ditto • 

1.0000 

30.100 

Braude. 

Simple Gases. 
Oxygen 

l .10fiH 

.33.820 

Allen and Pepys. 

Ditto. 

i mi 

33.888 

Thomson. 

Ditto 

1 1026 

33.620 

Berzelius & Dulong. 
D.ivy. 

Chlorine 

n;u. 

2.5082 
o q ooo 

7(>.50O 
76 °50 

Iodine (vapour) 

8.fif«0 

244.670 

Gay Bussac. 

Ditto. 

H.filll 

262.6308 Thomson. 

Hydrogen 

(1.0694 

2.116 

Ditto. 

Ditto 

0.0688 

2 . 008 j Berzelius & Dulong. 

Nitrogen 

0.0722 

29.625 

Thomson. 

Ditto 

0.0760 

20 768 

Berzelius & Dulong 

Carbon ( vapour) ....... 

0. 4166 

L? 6083: Gay Liukoc. 

Sulphur (ditto) 

1.1111 

33 8.88 

Thomson. 

Phosphorus (ilitto) 

0.8333 

25.416 

Ditto. 

Co tn potin 1 1 Co mbustibic. 



Allen and Popys. 

Ammonia 

0 5960 

18.18 

Ditto 

ft . 5002 

18.003 

Thomson. 

Ditto 

0.5012 

18.03 

Berzelius & Dulong 
Thomson. 

Carlmretted hydrogen. . . 

0.5555 

16.011 

niti.i . . ’ 

ft 5500 

17.049 

Berzelius & Dulong. 
Thomson. 

Olefiant 

0.0722 

26.652 

Dit.t o 

0.080-1 

20 90 

Berzelius & Dulong. 

Phosphi netted hydrogen . 

0.0027 

27.537 

Thomson, 

Bihydroguret of phosphor. 

0.0722 

29 652 

Ditto. 

Sulphuretted hydrogen . . 

1,1805 

36.007 

Ditto. 

PiMilphuret of carbon 



Ditto. 

(vapour) 

2.6088 

00.486 

Arfcenuretted hydrogen . . 

Cyanogun 

Ditto ... . * . . 

0 . 5200 

Hi. 130 

Tromdorflf. 

1 .8055 

55 060 

Guv Lussac. 

l ,8 ISS 

55 173 

Berzelius & Dulong. 
Ditto. 

Kther sulphuric (vnpoftr). 

2 . 5808 

78.71 t 

Ditto muriatic (ditto).,. 

2. 210() 

67.679 

Thomson. 

Ditto hydnodir (ditto). . . 

5. 1750 

166 9*7 

Ditto. 

Ditto chloric (ditto)... 

3. 1750 105 257 

Ditto 

Alcohol (ditto}.. 1 

M .600 1 

4.8.812 

Berzelius A* Dulong. 

Turpentine, oil of (ditto) . 

5.0130 

152 .806 

Thomson. 

Oxides. 




Aqueous vapour 

(4. 625ft 

10 ft 62 

Gay Lussac. 

Nitrous oxide 9 . . 

1.5277 

46.507 

Thomson. 

Ditto •. f . , . . 

t .5273 

46.582 

Berzelius & Dulong. 

Nitric oxide 1 

1 0416 

A 770 

Thomson. 

Carbonic oxide ! 

0.0722 

•20.652 

Ditto. 

Ditto ? 

0.0727 

20.6*»7 

Berzelius & Dulong. 

Acids. 




Carhnmc ... 

1 .5277 

46 ,507 

Thomson. 

Ditto 

1 .5210 

46.481 

Berzelius 4t Dulong. 

Chlorocarhonicf phosgene i 

3.4722 

105.002 

Thomson. 

Chlorocyjuiic (vapour) . . 
Fluolmnc 

2.1520 

2.3611 

65 . 63(> 
72.013 

Ditto. # 

Ditto. 

Fhmsilicic 

3.611 

lift 138 

Ditto. 

Hyririodu* ,® , , , , r . . * 

4.340 

132 37H 

Ditto. 

Hydrocyanic t 

0.9375 

23.572 

Ditto. 

Muriatic * 

1.2847 

30.183 

Ditto. 

Nitric 

3.75 

1 14.375 

Davy. 

Sulphurous .......... 

2,2222 

67.777 

Thomson. 

Sulphuric ( vapour ) . . . . 

2 .7777 

S4.C98 

Ditto, 


• 1 

Atom# of 
Ac ul. 

Atom? of 
Wdifi. 

Acid iu 100. 

Specific Gravity. 

1 

6 

40.650 

1.203 

1 

7 

57. 000 

1.179 


8 

53.045 

1 . 162 


0 

31.346 

1.140 

1 

10 

29.1.34 

3.139 


11 

27 206 

1.1285 


12 

25.517 

1.1107 

1 | 

13 

21.026 

1.1127 

1 J 

14 

22.700 

1 ,1060 


15 

21.512 

1.1008 

1 j 

16 

20.442 

1.0060 • 


17 

10.474 

l .0902 

l 

18 

18.500 

1 .0860 

i 

10 

17.700 

1.0820 

l 

20 

17.051 

1.0780 


From Thomson’s first Principles t vol. i. p. 87. 

TABLE III. 

Of the Quantity of real or dry Muriatic Acid in 100 
parts of the lujtud Acid , at successive Specific Gra- 
vities. By Hr. Ure, Thomson’s Annals y vol. x. p. 3? I 


Sp. Or. 

Ai id ill luo. 

Sp. <!r. 

And Ul lob. 

Sp. f.u 

Acid ill l<*». 

1.1020 

28 30 

1 . 1272 

18.68 

1.0610 

0.03 

1.1000 

28.02 

1.1252 

18.39 

1 .0090 

ft. 77 

l.Hxl 

27.73 

1.1233 

18.11 

1 .0571 

8.40 

1.18fi3 

27.45 

1.1214 

17.83 

1 . 0.S52 

8.21 

1 . 1845 

27.17 

1.1104 

17.55 

1 .0533 

7.92 

1.1827 

26 . 88 

1.1173 

17.26 

1.0514 

7.64 

1.1808 

26.60 

1,1155 

16.98 

1.0495 

7.36 

1.1700 

26.32 

1.1114 

16.70 

1.0477 

7.07 

1.1772 

26.0 4 

1 1115 

16 41 

1.0157 

6.70 

1 . i 753 

25.75 

1.1007 

16.13 

1 .0438 

6.51 

1.1735 

25.47 

1.10 77 

15.85 

1.0418 

6.23 

1.1715 

25.10 

1 . 1058 

15.56 

1.0399 

5 04 

1 . 1608 

24.00 

J 1037 

15.28 

1 .0380 

5.66 

1.1670 

24.62 

1.1018 

15.00 

1.0361 

5 .m 

1.1661 

2 4.31 

1 .0900 

14.72 

1.0312 

5.09 

l 1642 

24.05 

1 .0980 

14.43 

1.0324 

4.81 

1 1624 

23.77 

1 . 0960 

14.15 

1 .0304 

4.53 

1 .1605 

23.49 

1.0041 

13.87 

1.0285 

4 24 

1.1587 

23.20 

1 0022 

13.58 

1 .0266 

3.96 

1.1568 

22 . 92 

1.0002 

13.30 

1.0247 

3.68 

J 1550 

! 22.64 

1 .08*3 

• 13 #2 

1.0228 

3.39 

1 . 1531 

22.36 

l .0863 

12.73 

1.0209 

3.11 

1 1510 

22.07 

I .0841 

12.45 

f.0190 

2.83 

1.1491 

21.70 

1 .0023 

12.17 

1.0171 j 

| 2.55 

1 1471 

21.51 

1 .0805 

11.88 

1.0152 

2.26 

1.1452 

21 ,22 

1 0785 

11.60 

1.0133 

J .98 

1.1431 

20.0 4 

1 ,()70:> 

11.82 

1.0114 

1.70 

1.1410 

20.66 

1.0746 

11.04 

1.0095 

1.41 . 

1.1301 

20.37 

1 0727 

10 75 

1 0076 

1.13 

1 1371 

20.00 

1.0707 

10.47 

1 A)056 

0.8.7 

1.1351 

ro.si 

*1.0608 

10.19 

1.0037 

0.5C 

1 . 1332 

10.53 

1 .0669 

9 90 

1,0019 

0.28 

1.1312 

19.24 

1.0649 

iT.Gtf 

1.0000 

• 0 00 

1.1293 

18.96 

1 ,062? 

9.34 

I 

1 


,f Gay JjAisiioc's Table, which is more copious, but in which the 
numbers are not reduced to a mean of the llavumeter and Thermome- 
ter, i* copied into Thomsofi’ s Annals , vol, jx p. 18. A Table, by Pro- 
fessor Mmecke of Halle, is inserted in the Journal of Science, yiA. id. 

L 41 5, Dr, Thomson's elaborate Paper on this subject is printed in 
a XVlth Volume of Amah of philosophy / and pmeUut and 
Dtilong’o in the XVth Velum* at An.dc CA. ct PhP 


* N'Ue by t'v. IL'nn . The data mii which thl# Tabb* if founded wert 
ohia m*l hy tialuTming dijrrr^ni Im,h wiili kncwti quail tint 1 * ot muriatic AlHI, 
Specific Gravity 1.IV2, und u>em.miiuft tin wmglu of iln* drv P ™*} 1 *' ™ 
«xam oh-. UK) fti'Hin* of such Add gnvr GU.61 grain# ol [ dry common i •alt, JV* JJ* 
on Urn old theory, may Conmst »,f 32.31 soda 4-.^-^ innnatic Acl , ) , at , 
cording to the n.w vuw. of 24.341 indium 4 - ch*or me, ed«‘vaknt to 

37.376 amitotic Acid.* Ad miumg, then, iftedata u> 

tion of muriatic Add of different denimci »d*wf»re d ?Har?ne rSSecliS' 
altered, U» wit lilt views of those who embrace the new d<H trine reswcuo^ 

' chlorine. This may be done hv the rule ol proportion i lor as 3/ .370 l« 10 
1M8, «o is any number below in » be Table to the numlwr required. 
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TABLE *IV. 


TABLE IV. 


Table of the Quantity of Oil of Vitriol ( Specific Gra- 
vity 18.8485) and of dry Sulphuric Acid in 100 

S %rfo by weight of diluted Acid at different densities, 
y Dr. Ure, Brande's Journal, voL iv. p. 122. 


Liquid. 1 

Sp. fii. 

Dry. 

100 

1.8485, 

81.54 

, 90 

1,8475 

80.72 

98 

1.8460 

79.90 

07 

, 1.8439 

79.09 

90 

1.8410 

78.28 

95 

1.8376 

77.46 

94 

1.8330 

76.65 

93 

1 .8290 

75.83 

92 

1 .8233 

75.02 

91 c 

1.8179 

74.20 

90 

1.8115 

73.39 

89 

1.8043 

72.57 

88 

f.7962 

71.75 

87 

1.7870 

70.94 

86 

1.7774 

70.12 

85 

1.7673 

69.31 

84 

1 . 7570 

68.49 

83 

1.7465 

67.68 

82 

1 . 7360 

66.86 

81 

1 .7245 

66.05 

80 

J .7120 

05 . 23 

79 

j-fiy93 

64.42 

78 

J .6870 

63.60 

77 

1.6750 

62.78 

‘ 76 

1.6630 

61.97 

75 

1 .6520 

61.15 

74 

1.6415 

60.34 

73 

1.0321 

59.52 

72 

1.6204 

58.71 

71 

J ,6090 

57.89 | 

70 

1.5975 

57. OR 

69 

1.5868 

56.26 

68 

1.5760 

55.45 

67 

1.5648 

54.63 

66 

1.5503 

53.82 

65 

1.5390 

53.00 

64 

1,5280 

52.13 

63 

1.5170 

51.37 

62 

1.5066 

50.55 

Cl 

1 .4960 

49.74 

60 

1.4860 

48.92 

59 

1.4760 

48 J J 

58 

1.4660 

47.29 

57 

1.4560 

46.48 

56 

| 1.4460 

45.66 

55 

1 .4360 

44.85 

54 

1 .4265 

44 03 t 

53 

1.4170 

43.22 

52 

1 .4073 

42.40 

51 

1.3977 

41.58 


Liquid. 

Sp. Or. 

Dry.. 

50 

1.3884 

40.77 

49 

1.3788 

39.95 

48 

1 . 3697 

39.14 

47 

1.3012 

38.32 

46 

1.3530 

37.51 

45 

1.3440 

36.69 

44 

1 .3345 

35.88 

43 

1.3255 

35.06 

42 

1.3165 

34.25 

41 

1 . 3080 

33.43* 

40 

1.2999 

32 . el 

39 

1.2913 

31.80 

38 

1.2820 

30.98 

37 

1.2740 

30.17 

36 

1.2654 

29.35 

35 

1.2572 

28 54 

34 

1.2490 

27.72 

33 

1.2409 

26.91 

32 

1.2334 

26.09 

31 

1.2260 

25.28 

30 

1.2184 

24 . 46 

29 

1.2108 

23.65 

28 

1.2032 

22.83 

27 

1.1956 

22.01 

26 

1.1876 

21.20 

25 

1.1792 

20.38 

24 

1.1706 

19.57 

23 

1.1626 

1 8 75 

22 

1.1549 

17.94 

21 

1 . 1480 

17.1*2 

20 

1.1410 

16.31 

19 

1.1330 

15.49 

18 

1.1246 

14,68 

17 

1.1163 

13.86 

16 

1 .1090 

13.05 

15 

1.1019 

12.23 

14 

1.0953 

11.41 

13 

1.0887 

10.60 

12 

1.0809 

9.78 

11 

1.0743 

8 97 

10 

1 .0682 

8.15 

9 

1.0614 

7.34 

8 

1 .0544 

6 52 

7 

1.0477 

5.71 

6 

1.0405 

4.89 

5 

1.0336 

4.08 

4 

1.0268 

3.26 

3 

1.0206 

2.446 

2 

1.0140 

1.63 

1 

1.0740 

0.8154 




Mr. Dalton's Table of the Quantity of real Acid in 100 
parts of liquid Sulphuric Acid } at the temperature 
of 60° Fahrenheit 



Real Arid 

Real And 

Sper'Rc 

Boiling 

Acid+Watcr, 

per cent* by 
weight. 

per rent* hy 
measure. 

Gravity. 

Point, 

1 + 0 

100 

Unknown. 

Unknown. 

Unknown. 

1 + 1 

81 

150 

t 1 . 850 

620° 


80 

148 

1.849 

605 


79 

146 

1.848 

590 


78 

144 

1.847 

575 


77 

142 

1 .,845 

560 


76 

no 

1.842 

545 


75 

138 

1 .838 

530 


74 

1.1 5 

1 .833 

515 


73 

133 

1.827 

501 


72 

131 

1.819 

487 


71 

129 

1.81(1 

473 


70 

126 

1.801 

460 


69 

124 ! 

1.791 

447 

1 + 2 

68 

121 0 

1.780 

435 

67 

118 

1.769 

422 


66 

116 

1.757 

410 


65 

113 

1.744 

400 


64 

111 

1.730 

391 


61 

108 

1 715 

382 


62 

4 105 

1 .699 

374 


61 

103 

1.684 

367 


60 

100 

1.670 

360 

1 + 3 

5S.6 

97 

1.650 

350 

50 

76 

1.520 

290 


40 

56 

1.408 

260 

1 + 10 

30 

39 

J .30 + 

240 

1 + 17 

20 

24 

1.200 

224 

1 -f 38 

10 

11 

1 .10- 

218 

— 


TABLE V. 

Table of the Precipitates produced by Solutions of the 
Hydrosulphates of Potassa , Soda, and Ammonia with 
different Saline Solutions. IMlelim, Diet, dc Chimin. 


Salts. 

C<dmu of 
l'rei Ipiiate. 

Nntu c of 
vViy ipiufo. 

Of Zircon 

White 

Zircouia. 

Of Alumina 

Ddto 

Alumina. 

( )f Gly cma and YOria 
Of ail the lid Cla^ 
Of Man^anchu 

No precip 

Ditto , t 

Dirty white 

— 

A liydrosulphute 

Of Zinc 

♦ 

White 

or a sulphuretted 
hydrosulphate. 

A hydrosulphate 

Of Iron 

Black 4 

A hydi '^sulphate 

Of Antimony 

Orange 

or a sulphuretted 

hydrosulphate. 

Ditto, 

Of Protox of Tin 

Chocolate 

A hydrosulphate 

Of Dfiutox. of Tin 

Yellow 

Ditty. 

Of Cadmium 

Ditto 

A sulphuret. 

Of Arsenic 

Ditto 

Ditto. 

Of Molybdinuni 

Reddish brown 

Ditto. 

Of Chromium 

Green 

Ditto. • 

Of Columbmin 

Chocolate 

Ditto. 

Of Uranium 

Brown 

Ditto. , 

Of Cerium 

Ditto 

Ditto. 

Of Cobalt 

Black 

Ditto. 

Of Titanium 

Bottle-crecm 1 

Ditto. , 

Of Bismuth 

Black 

Ditto. 

Of Copper 

Of Tellurium 

Ditto 

Ditto. 

Ditto 

Ditto, 

Of Nickel 

Ditto 

Ditto. 

Of Lead 

Ditto 

Ditto. 

Of Mercury , 

Black brown 

Ditto, 

Of Silver 

Black 

Ditto. 

Of Palladium 

Ditto 

Ditto. 

Of Platinum 

Ditto 

Ditto. 

Of Gold, 

Ditto 

Ditto. 


Pvt V; 
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TABLE VII. 


Table qf ike. real or dry Nitric Acid in 100 parts of the 
liquid Acid at successive Specific Gravities , by 
Dr. Ure, Quarterly Journal , vol. iv. p. 297. (See 
Art 446.) 


Of the Specific Gravities of Certain Atomic Combina- 
tions of Nitric Acid and Water, by Dr. Thomson* 
First Principles, vol. i. p. 114. (See Art. 446.) * 


Sp Gfav. 

Addin 100. 

, . .a 

Sp. Grav. 

Add In 100. 

8p. Grav. 

Acid in 100.] 

1 .5000 

79.700 

1 .3783 

52.602 

1.1833 

25.504 

1 1.4980 

78.903 

1 .3732 

51 .805 

1.1770 

24.707 

1.4900 

78.fbl» 

1 .3681 

5l # .068 

1.1701) 

23.910 

1.4940 

77.309 

1.3630 

50.211 

1.1648 

23.113 

1.4910 

76.512 

1 .35 79 

49.414 

1.1587 

22.316 

1.4880 

75.715 

1.3529 

48.617 

1.1526 

21.519 

1 .4850 

74.918 

1 .3477 

47.820 

1 . 1465 

20.722 

1 .4820 

74.121 

1 .3427 

47.023 

1.1403 

19.925 

1,4790 

73.324 

1.3376 

46.226 

1.1345 

19.1 US 

1.4760 

72.527 

1 .3323 

45.429 

1.1286 

18.331 

1.4730 

71.730 

1.3270 

44.032 

1.1227 

17.534 

1.4700 

70.933 

1 .3216 

43.83(1 

1.1168 

16.737 

1 .4070 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.339 

1.3110 

42.241 

1.1051 

15.143 

1.4600 

68.542 

1.3056 

41.444 

1.0993 

14.346 

1 .4570 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1 .4530 

66.948 

1.2947 

39.850 

1.0878 

12.752 

1 .4500 

66 155 

1.2887 

39.053 

1.0821 

i 1.955 

1.4460 

65.354 

1 .2826 

38,256 

1.0764 

11.158 

1 .4424 

64.557 

1 .2765 

37.459" 

1.0708 

10.361 

1 .4385 

63.760 ' 

1 .2705 

36 662 

1 .0651 

9.564 

1 .4346 

62.003 

} .2644 

35.865 

1.0595 

8.767 

1 .4300 

62.1 66 1 

, 1 .2i)83 

35.068 

1.0540 

7.970 

l .4269 

61.369 

1.2523 

34.271 

1.0485 

7.173 

i .4228 

60.572 

1.2462 

33.474 

1.0430 

6.376 

1.4189 

59.775 

1.2402 

32.667 

1.0375 

5.579 

1.4147 

58.978 

% l . 234 f 

31.880 

l .0320 

4.782 

1.4107 

58.181 

1 .2277 

31.083 

1 .0267 

3.985 

1.4065 

57.384 

1.2212* 

30.286 

1.0212 

3.188 

1.4023 

50.^17 

1* 2148 

2.9.489 

1.0159 

2.391 

1.3078 

55.790 

1 .2084 

28.692* 

1.0106 

1 .594 

1.3945 

54.993. 

1.2019 

27.895 

1 .0053 

0.797 

j 1.3882 
d .3833 

54. HH) 
53.399 * 

1.1958 

1.1895 

27.098 

26.301 




Note by Dr .Tlenryf “ In this Table, the real Acid in nitric /Ceid 
of Specific Gravity 1.5, in rated at 4.8 per cent, more than is con- 
tained in it according to Dr. Wollaston and Mr. Phillips, the mean 
of whose numbers is 25.1 water 74.9 Acid in 100 parts of Acid of 
that density. The numbers in the Table will, 1 believe, however, be 
very near the truth, if reduced at the rate of 6 per cent. Thus 6 
per cent, on 79.7 is 4.782; and 79.7 — 4.782 s 74.918, which is 
very near the true number." 


*Atom« 
of AphI 

A toms o! 
Water 

Acid in 
1U0, 

Spedlio 

Gravity. 

1 

1 

85.714 

1.55 

l 

2 

75.000 

1 .4855 

1 

3 

66. 668 

1 .4540 

1 

4 

GO. 000 

1 .4237 

1 

5 

54 545 

1 .3928 

1 

6 

50.000 

1 .3692 


7 

46.260 

1.3456 

1 

8 

42.857 

1 .3220 

1 

9 

40.000 

1.3032 

1 

! 10 

37.500 

1.2844 

1 

11 

35.294 

1 .2656 

1 

12 

32.574 

1 .2495 

1 

13 

31.579 

1.2334 

1 

14 

30.000 

1,2173 

1 1 

15 

28.571 

1.2012 


TABLE VIII. 

Table exhibiting the Proportion , by Volume, of Aqueous 
Vapour existing in any Gas in contact with Water 
at the corresponding Temperatures , and at'the mean 
Barometric Pressure of 30 Inches. 


40° .... 

.00933 

61° .... 

.01923 

41 .... 

.00973 

62 .. . 

.01980* 

42 

.01013 

63 .... 

.02050 

43 .... 

.01053 

64 .. . 

.02120 

44 .... 

.01093 

65 .... 

.02190 

45 .... 

.01183 

66 .... 

.02260 

46 .... 

.01173 

67 .... 

.02330 

47 .... 

.01213 

68 .... 

.02406 

48 .... 

.01253 

60 .... 

.02483 

49 .... 

.01293 

70 .... 

.025/16 

50 .... 

.01333 

71 .... 

.02653 

51 .... 

.01380 

72 .... 

.02740 

52 .... 

.014*26 

73 .... 

.02830 

53 .... 

.01480 

74 .... 

.02823 

54 .... 

.01533 

75 .... 

.03020 

55 

.01386 

76 .... 

.03120 

56 .... 

.01640 

77 ... % 

.03220 

57 .... 

.01693 

. 78 . . . . 

.03423 

58 .... 

.01753 

79 .... 

.03423 

59 ; ... 

.01810 

80 .... 

.03533 

60 \ 8 , . 

,01866 


1 


From Faraday On Manipulation, p. 381. 
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v— ' TABLE IX. 

Of the Specific Gravity of Alcohol at various Degrees of Dilution, 


100 Part*. 

i 

Specific Gravity, | 

100 Parts. 

Specific Gravity. 

100 Parts. 

Specific Gravity. 

100 Parts. 

Specific Gravity. 




at 60° 

•Allirthol. 

Water. 

at f»B° 

at 60° 

Alcohol. 

Water. 

at 68° 

at 60° 




81* 60° 

100 

O' 

.791 

.796 

74 

- 

26 

.859 

.863 

El 

52 

.919 

.922 

23 

77 

.968 

,970 

99 

1 

.794 

.798 

73 

27 

.861 

.865 

■9 

53 

.921 

.921 

22 

<*78 

.970 

.972 

DC 

2 

.797 

.801 

7*2 

28 

.863 

.867 

4G 

54 

.923 

.926 

21 

79 

t .971 

.973 

97 

3 



71 

29 

.866 

.870 

45 

55 

.925 

.928 

20 

80 

.973 

.974 

96 

4 

.803 

.907 

70 

30 

.8B8 

.871 

41 

56 

.927 

.930 

19 

81 

.974 

.975 

95 

5 


.809 

69 

31 

.870 

.874 

43 

57 

,930 

.933 

IS 

82 

.97B 


• 94 

6 

.808 

.812 

68 

32 

.872 

.875 

42 

58 

.932 

.935 

17 

83 

.977 


93 

7 

.811 

.815 

67 

33 

.875 

.879 

41 

59 

.934 

.037 * 

16 

84 

.978 


t 

92 

8 

.813 

.817 

66 

34 

.877 

.880 

40 

60 

.936 

.939 

15 

85 

.980 


91 

9 

.816 

.820 

65 

35 

.880 

.883 

39 

61 - 

.938 

.941 

14 

86 

.981 



10 

.818 

.822 

64 

36 

.882 

.886 

38 

62 

.940 

.913 

13 

87 

.983 


89 

11 

.821 

.825 

63 

37 

.885 

.fH9 

37 

63 

. 942 

..945 

12 

8S 

. 985 


88 

12 

.823 

.827 

62 

38 

.887 

.891 

36 

64 

.944 

.947 

11 

89 

.986 


87 

13 

.826 

.830 

61 

39 

.889 

.893 

35 

65 

.946 

.949 

10 

90 

.987 


86 

14 

.828 

.832 



.892 

,896 

34 

66 

.918 

.951 

9 

91 

.988 


85 

15 

.831 

.835 

59 

41 

.894 

.898 

33 

67 


.953 

8 

92 

.989 

i 

84 

16 

.834 

.838 

58 

42 

.896 

.900 

32 

68 

.952 

l .955 

H 

93 

.991 


83 

17 

.836 

.840 

57 

43 

.899 

.903 

3] 

69 

.954 

.957 

1 1 

94 

.992 


82 

18 

.639 

.843 

56 

M 

.901 

.904 

30 

70 

.956 

.958 

5 

95 ! 

.994 


81 

19 

.842 

.846 

55 

45 

.903 

.90G 

29 

71 

.957 


4 

96 

.995 


80 

20 

.844 

.848 

54 

46 

.905 

.908 

28 

72 

.959 

.962 

3 

97 1 

.997 


79 

21 

.847 

.851 

53 

47 

.907 

.910 

27 

73 

.961 

.963 

2 

98 

.998 


78 

22 

.849 

.853 

52 

48 

.909 

.912 

26 

74 

.963 

.965 

1 ■ 

*99* 

.999 


77 

‘ 23 

.851 

.855 

51 

49 

.912 

.915 

25 

75 

.965 

.967 

0 

100 

1 .000 


76 

24 

.853 

.857 

50 

50 

.914 

.917 

21 

76 

.966 

.968 





75 

25 

.856 

.860 

49 

51 


.920 


* 1 





• 



Tlus Tabic is by Lowitz, Cecil’s An. 1706, voL i. p 202 : the column for temperature 60° is a convenient addition by Dr. Thomson. For 
more extensive Tables, see Blagdcn, Ph. Tr, 1790, and Gilpin, P/t. Tr 1/94. Gilpin considered his strongest alcohol of .825, temperature 
60°, to consist of 100 parts of alcohol, Specdic Gravity 814, + 4.5 of water. See also Tralles, Mini, Avud. Perot. 1811, or Gilbert's An> 
naJtn , vul. xxxviii. p. 369. ■, , * * 


JTAI3LE X. 


Table for reducing the Degrees of Dannies Hydrometer to the common Standard. 


Bourne's Hydrometer for Liquids lighter than Water. 
Temperature 55° Fahrenheit, or 10° Reaumur. 


Peg* 

Sp Cr. 

Deff 

Sp (,r. 


Sp. Hr 


Sp. Or. 

10. 

1.000 

18.. . 

.912 

26. 

.. 892 

31.. 

.847 

11.. 

.990 

19.. . 

.935 

27. 

.. ,8H6 

35.. 

.842 

12,, 

.m 

20 . . . 

.828 

28. 

.. ,880 

3tf.. 

. 837 

13.. 

.977 

21... 

.922 

29. 

.874 

37 . . 

.832 

14. * 

♦970 

22... 

♦915 ■ 

30. 

.86 ; 

38.. 

.327 

15.. 

.963 

23. .. 

.909 

31. 

... ,861 , 

39.. 

.822 

16.. 

♦955 

24... 

.903 

32, 

,.856 

40, . 

.817 

17,. 

,949 

25... 

,897 

33. 

.852 




Baume’s Hydrometer for Liquids' heavier thud Water. 
Temperature 55° Fahrenheit, or 10° Reaumur. 


Re* 

Sp. Gr. 


Sp. f»r. 

Re* 

8p fir. 

Peg 

Sp. Or 

0. 

1.000 

21.. 

1.170 

42.. 

1.4)4 

63. 

1,779 

3. 

1.020 

24.. 

] .200 

45.. 

1.433 , 

66. 

1.848 

6. 

1.040 

127.. 

1.230 

48.. 

1.300 

69. 

1.920 

0. 

1.064 

36.. 

1.261 

61.. 

1.547 

72. 

2.000 

12. 

1.089 

‘33.. 

1.295 

64.. 

. 1 .594 



15. 

1.114 

36,. * 

1 ,333 

57., 

1.659 



18. 

1.140 | 

39.. 

1,373 

60,. 

1.717 


1 
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TABLE XI. 

Table of the Properties of the Metals . «> 


Name, 

When discovered. 

By whom. 

Colour. 

Specific 

Gravity. 

Fneinff point; 
Fahrenheit. 

Scale of 
ducti- 
lity. 

Scale of 
rrmilea- 
bility. 

Tenacity. 

Ratio of 
hardness, 

Gold...... v 


«... 

Pure yellow. 

19.257 

5237 

1 

1 

68.216 

8 

Silver ..... 



White. 

10.474 

3677 

2 

2 

85.062 

6 

Iran ...... 

Known from 

.... 

Blue-grey. ' 

7.788 

17977 

4 

8 

269.659 

3 

Copper ...» 

the«oarliest 

.... 

Rod. 

8.895 

4587 

5 

3 

157.399 

5 

Mercury. . . 

ages. 

.... 

White. 

13.588 

—39 


. . 

.... 

None. 

Lead * 


.... 

Blue. 

11.352 

* 594 

8 

0 

» * 4 T 

J4 

Tin 



White. 

7.291 

442 

7 

4 

24.200 

12 

Zinc 

1541 

Paracelsus. 

Bluish-white. 

0.661 

700 

6 

7 

12.720 

9 

Bismuth ..... 

1520 

Agricolu. 

Yellowish-white. 

9.822 

476 

, , 


A ♦ T 

7 

Antimony. . . . 

XVth Cent. 

B. Valent. 

Bluish-white. 

0.702 

932 

. , 

.. 

• • • • 

10 

Arsenic 

1723 

Brandt. 

Grey. 

8 308 

• • • 



.... 

13 

Cobalt. ...... 

* • 

Ditto 

Grey -white. 

8.538 

16677 


. . 

.... 

11 # 

Platinum 

1741 ‘ 

1 Wood 

Bluish-wliitc*. 

21.500 

G. B. P. 

3 

5 

124.000 

4 

Nickel 

1751 

Crmistedt. 

White. 

8.279 

21877 

9 

9 



Manganese. . . 

1774 

Scheele. 

Grey-white. 

5.850 

Ditto. 

, , 

4 . 


f 2 

Tungsten «... 

1781 

D’KlhuyorL 

.... 

17.600 

G. B. P. 

. . 

. , 

.... 

1 

Tellurium .... 

1782 

Muller. 

.... 

6.115 






Molybdenum . 

Ditto. 

Hjelm. 

Grey. 

7.400 

g.b! p. 


. . 


• , 

Titanium 

1781 

Gregor. 

Red. 

■ * . • 

Ditto. 

, , 



. . 

Uranium 

17 89 

Klajiroth. 

Grey. 

•9.000 

Ditto. 


, . 


*. 

Chromium . . . 

1797 

Vauquelin. 

.... 

\ . . . | 

Ditto. 


. . 


t , 

Cohimbium.. . 

1802 

Hatchett. 


.... 

Ditto. 

. , 



, . 

Palladium.. . . 

1803 

i Wollaston. 

Bluish-white. 

11.300 

.... 

10 

io 


1 

Rhodium. .... 

Ditto. 

Ditto. 

Greyish-white. 

.... 

G. B. P. 





Iridium 

Ditto. 

Descotils* 

.... 


Ditto. 

, , 




Osmium 

Ditto. 

1 Tenant. * 

1 Bluish-black. 

. . . '. 

.... 





Cerium 

IH 04 

Berzelius. 

Grey-white. 

.... 

G. B. P. 




. , 

Potassium. . j 



Ditto. 

0.865 

136 

, , 



ll>0 

Sodium. ... 1 



Ditto. 

0.972 

194 

. , 



100 

Barium. ... \ 

1807 

D.i/y. 

.... 

• . . 


. , 




Strontium.. 1 



.... 

.... 

.... 

, . 

. , 



Calcium ... J 



.... 

• • • • 

.... 

, . 



• * » 

Cadmium . . . 

1818 

Stromcyer, 

White 

8.604 


11 

n 


. . 

Lithium . , . * . 

1818 

Ayfvcdaou. 

— 

. . . 


■ 
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TABLE XII. The Atomic Weights, Constitutions, &c. op Bodies. 


S Bsible to convey in a Treatise of this extent ; but with this unavoidable disadvantage, the unity of method is preserved, and the 
no of a plan for what may be enlarged by any one into a more ample Treatise is developed. The Table is also designed to show 
tho state of our knowledge with regard to the combining proportions, or our belief respecting the atomic constitution of substances. 


The nomenclature made use of has been already explained m Art. (110.), (111.), and ( 1 12.) It possesses the following advantages. In 
Oxides, Iodides/ Chlorides, Sulphurets, Salts, &c. it invariably employs such a name as will point out at once the degree of oxidation, &c. 
In all Salts it points out with precision the atoroic*pro portion between the Acid and the base ; and also the degree of oxygenation of the 
base. r The Greek prefixes Prut-, Pout-, Trit-, Tetart-, &c, are solely confined to the degree of oxygenation ; while in the Iodides, 
Siuplmretw, Ac. bi- f ter-, quater-, &e. are employed as in the case of Salts stated in the Paradigma. (111.) The practical necessity for 
this will be found by auy one who shall try to interchange these two terms ; and it is from such compulsion that we depart from our 
original design 'mentioned in (111.), of applying these Greek terms to the Chlorides, Sulphurets, Ac. Our nomenclature does not, 
'however, extend to a description of the water in each Salt. , • 

It may be objected that these descriptive names are inconveniently long ; let us, therefore, fairly examine one or two of the longest' 
names in the following Table, and inquire whether the advantiigo of a true atomic description is nut sufficient to justify the change. The 
following, for example, is the strongest case that could he proposed against us. Persesquisulphate of iron is called Hemi-deuto-semi- 
bi sulphate of Iron, The word Persesquisulphate implies that the Salt contains the Peroxide of Iron, nut then we know not the proportion 
between the atoms of Iron and of Oxygen. By Sosqui we learn conventionally that there is base one atom + Acid 1$ atom, or, perhaps, 
only that there is half as much more Acid in this Salt as in the Sulphate. The name we employ tells us more. As an invariab/e ruh 
We take the Greek commencement of the name llnnt-Ucuto , from this we learn that the oxide contains Oxygen atom-f- metal 1 atom. 
From the next portion sevii-fn- we learn that the Salt contains Acid 1 £ atom + base 1 atom, and from the remainder of the word the 
nature of the Acid and of the base are obvious. * J 

Deuto-ig'mi-bisulphate of Cranium may be similarly nnalyxod, and will he found equally explanatory; while Sulphate of Uranium, 
the common name, neither expresses the degree of oxidation of the Metal, nor the atomic constitution of the Salt. 

The less important classes of Salts ure not given at length lur want of space. A valuable Table of Double Salts given in Thomson's 
First Principle* is omitted for the same reason. 

The main authority admitted for the following Table is The First Prinrtp/cs of Dr. Thomson : this Work has been employed wherever 
it was ^yailable. It was at first designed to cite the exact authority for every number here inserted, but here also our unavoidable limits 
of space have checked us. Hydrogen is the unit to which all fjther atomic weights are referred ; hut should any one prefer the uxygci: 
scale, it is easy fodn ule allfhe numbers by 8. In the column headed State, S means solid. L, Liquid. G, a Gas. V, vapour. C, crys* 
fallixeu. II, hj (Irons. A, anhydrous. 


Acetates I 

Alumina, Acetate of C.&IL 


Ammonia. Acetate of. . . . C.&H. 


Acetic Acid 

Alumina 

Waiter 

Acetic And 

Ammonia 


Baryta, Acetate ot C.&H. 


Ammonia 

Water... 


I onMl- Total 

tucnl Weight 
A'o. of ]’ru)ior. of 

Atom*, llnrw l»j Atoms 
Weight roam'd 
to llyU. 


50 1 

*$} 77 

50i 

171 130 

63 J 


Cadmium, Frotncetate of. C.&H, 


Copper, Prutacetate of. . . . C.&I1 


l)i t to, ‘’roto-temi'dmaret.of 

y'SSiiKevjUHCL'Ufc) .... C.&H. 


Bit to, Proto dirjacetufe of C.&IL 


1 ui vo, Proiutrinneetmc of C.&H. 

I ion, l’rol acetate of C ^H. 

Lead, Protacetute of?.. . C.&H. 


Ditto, Proto-diunoet. of. .. C.&H 

Ditto, Proto-trinaceL of , C.&H. 

# 1 

Lhtfc, Acetate of . . A , , . . . C &H. 
Magnesia, Aoetate of C.&H, 

t * 

i. 

Manganese, Froiaee rate of ^ 

(Acetate T.) C.&H. 

Mercury, Frotaoetate. .... C.&H. 

Nickel, Fro facet At eof. . . C.&H. 

Fotxxsa, Protarctate of f . , C.&H, 


1 Baryta 1 

[ Water 3 

. Arptic Acid I 

j Protox. Cud in.. . . I 

, Water 2 

,.j Acetic Acid 1 

>F rot. Cop. (black) 1 
| Water I I 

. Acetic Acid 14 

l Protox. Cop 1 

, Wafer 3 

. Acetic And 1 

Protox. Cop 2 

Water 6 

. Arctic Acid . ... 1 

Protox. Co] 8 

: Wafer* 2 

..Acetic And 1 

F rot ox Iron 1 

! Water 3 

, Acetic Add 1 

Protox. Lead). ... 1 

Water 3 

Acetic And 1 

Protox. Load. ... 2 

Water 3 

, Acetic Acid. . . 1 
Protox. Lead .... 3 

] Water 2 

. Acetic Acid . . . <’ i 

Lime 1 * 

i Water,,. 6 

, Acetic Acid 1 

Magnesia 1 

; Water & 

[.Acetic Acid .... 1 

Protox. Manx... . I 

; Water... . .... 4 

. Acetic Acid 1 

Protox. Merc. . 1 

;wx***t ..... '4 

. Acetfc Acid .... 1 

protox, Nickel.,, d 

, I Water 6 

, 1 Acetic Acid • . , , 1 

Protox. Potassium 1 , 

Wafer 2 


g:P 

60, 

78 [ 156 

27 > 

60 , 

CA } 132 

18 J 


50. 

80 184 

64 J 
50 i 

1U0 } ]8s 

1 H 1 


50) 

189 

27 J 

60 i 

224 > 3 d 
2? J 
I 50, 

I 38G 404 


50i 

86 \ )22 

c *<’ I 

2(tf [ 294 

36 1 


8 } U6 

ml 


Articlo 
in this 

Trea- Substance. 

Use. 


Potasna, Proto-binacet. of. C.&H, 


Silver, Protaoctate of ... . C.&H. 
(469) Soda, Frot&cetate of ., f . C.&H, 

(584) I Strontia, ProtacetRte of . . CfttH. 


(693) 7.inc, Frofaceiate of |C.&H 


Acetoui. Fermentation. 


Acetic Acid 
i*mtox Potassium 

Witter 

Acetic Arid .... 
PioloX. Silver . 
Aceiir And .... 
Protox. Sodium. . 

Whtei 

Arctic Acid . . . 

Strontia 

Water *. 

Acetic Acid . . 

PfQfox. Zinc . . 

Water 


ftxvcen. . . 
H) dnigeif 


I jzmJZZ? 

No nt l'rooor uf | ii« rrt .. V 
Atoms. Iloni !i> Aiom* ■ *’ j 

m «>d I L 


2 100) | 
1 48 [ 202 (634 > ) 

| 6 64 f 

j i "l 168 i«« 

1 60) 

1 8j \ 136 (6.34) 


HI (571) 


163 | (681) 


Ditto ' 

AlllDKltlC 

Antimoniouf. (see Herni- 

deut oxide of A.’’ 

Antimonio (see DeiUoxtde i 
of A ) . . . | 

Ar-enie(»t!eTrit,>xideot A . ) { 
Arscniou* (#ce Deutoxide 

of A .) 

Benzoic (Flower* of Ben- 
jamin) 


Carbon., .. 
A retie And 
Wuier . . , . 
• . M 


Oxyjren. . . 
Hydrogen . 
Cnrbon . . , . 
Oxygen. . . . 
Boron 


3 24 ) 

2 2 r 

4 24 

l 60) 

1 9 f 


50 (978) 

69 lm.) 

.. ( 1076 ) 

.. (763) 


Cntripboric 
Carbomo . . 


Chloric 


Chloro cyanio , . , 
Chloro-carbonlc . 


Chromic (w Tritox, of 

ChroraO * 

C»trw., r 


Chlorine 

Iodine 

Chlorine , 

Cyanogen : . 

Cnloripe 

Carbonic (>xide ► 
Ohloriny 


40 ( 335 ) 

68 (Do.) 

» (194) 

.. ( 997 ) 

29 (BIS) 

76 ( 147 ) 

196 ( 999 ) 

69 ( 476 ) 

60 (604) 


Hydrogen;,.. 
Cnrbon . . . . 
Oxygen 


• • o 

9 91 

4 941 

4 JM* 


CHEMISTRY, 

TABLE XII. rtmtinuei. 


*755 


IAMM. 

SUte 

EkraanU 

Nu,of 

Atom* 

* 

000*ti 

tUVrvt 
Proper* 
Uiuw by 
Woifht 

Total 

Atoms 

ifKifivd 

«i HjA 

Artlok 
tn thU 
Two- 
4 m 

Citric s, * • 

C 

A< id 
\A mer 

1 

ft 


76 

fWJD 

Colntnluo (bee Oxide of 






(751) 

Coin enb ) 





152 

Q\«nlo r * . 

KllAffift . 


Ob 4- CyAnog 


. 

144 

(47 l) 
(985) 

Farrui hydrocyanic (Ferro 


Iron 

11 ydropen 

1 

it 




cyaiuo A) 

* 4 

108 

(47/) 

1* 


L yunojfen 

3 




Ferropriurttc (nee Ferro 






(477) 

hydrocyanic A t . « 


• * 


• 


Ferrurctted ibyaxn nw 
* J errtv hydro yarn* A ) 


• 


. 


(477) 

FluolWmc wn* Biro Aim 






(P4) 

nr A i 






Fluoric (wmHydio flu ir A 
Formic 






It ‘1 

(107H) 

Futiffu 






i 

Gallxc 


* 



l >s t ) | 

Hydtiodic 

0 

H) lr uni 9 

1 1 or . 

1 

ui \ 

U > 

W) j 

UydroflikiK iMunatu A 

G 

II) Iroi, n 
< hi mo 

1 


17 

(U9! 

/lydroeyamr (Prussic A ) 

u 

H> lr 

( 1111 i.C| 

L 

1 

JA 

27 

(171) 

Hydnflioru Klaon A) 

1 1 *>l\ l»<if « 

h 1 rme 



) 

Of *i) 

II) dr nodi hu nn (H) 


II> lr>r r 

•S l | 1 IT 





Iniret ot *8 ilp! ur ) 

(j 

1 

y 


T3 

(401) 

H\di s xi V ui ('■» i ; t i 


1 T 1 1 men 

S li 1 ir 

J 

l 




xti t 1 Hv lr\ »r i 

* l 


17 ! 

(400) 

)hurirA 

| Ok vi i 
n 1 r 

5 1 
X 

4 ;;i 

2 

iMO) 

Hi TO ilj h ir ns A 

! 

n * 

111 l 

1 1 
1 1 

si 
it i 

24 | 

(«8) 

Idiviiri A 



Wl 
U» J 

1 

on 

lilt A. n<i lie \ 1 

s i 

"MJt l 

1 lie M 

3 

1 | 

If ‘ j 

(220 

Kimc 1 

j 





( l H 

\Xi l | 






HA) 

Dat ti 

1 



S4| 

IO0 7 

I tilled li A 

i 

>>»,'» 

l 




M) Ilf. n 
xrl i 

S 1 


H) 

(IT 1 



Nit k 0 
n x u t'n 
(. V 

it 

2nJ 



Dutx Ditto t 

. A l 

y 

« 

H l 

~ } 

(DO 



Nil jtU 

j 



Mftlu 

Oy\(u i 

4 

« i 

ru 



1 

M ) li pr h 
i i i 

10 

i*» 

<> o 



A 

18 1 



M irg tri 

Mi »nc 

Mellil 

Mi lyli in si i fix l of M 1 


• 1 

1 


1 

1084 

98) 

HO 

i n 
(7-‘> 

• Maliblo ih Wi Ditto ) 



1 



Meroxylu 



| 



i * m 

•Mm u 



1 



0>i 

Munaiui Heclljdrt hltn 



j 



<m 

Nnuoeic 

Nitrio 


•> it u 

F> 1 


54 

4 lH 

• 

• 

N tr » i 

» 1 1 

1 1 / 

N it roiiK # 


Ox)l li 

N Hr r 

1 

M 

4l> 

(4 )?> 

Clour * 






(1085 

• Oxalic , 

* < 

Ox ill At id 
\K i 

1 

' 4 

*M l 

,ki ( 

7- 



. V 

Ox +1 ar -Hlv 7 





Oxiodg (eee lodu A ) 






2>0 

OxyniimalK secClilor A ) 
Pe< lu 





** 

{*47 

Perihiom 


Oxyi, u v 

i 


02 

218 

• 

» 

f hh i m<« 

l 

tiO f 

Plwwphonc . , . 


D*)(fi n 

Phi Mph ir it 

2 

l 

12 f 

‘28 

( tod 

Phosphorous * 

, 

f'xynen 

l 

A) 

21) 

175 



Pli rs p hoi us 

l 

ui 

Prusnio (see Hydrcryam 

t 





Ftttpnrw » *. 






ur4) 

QuUk * ,i. 

Hckmo . , 


Ox)«en ,, 

"a 

»«} 

50 

987 

420 



Vk uiun . , 

1 

40 I 

Sthnvduonc,.,, 

M 

HilUa . 

1 

JSt 

so 

(1«4) 

gorbii (nee MalwO 


Fluoric At id . 

1 

10/ 


i 

. 

. 

079) 

fl||lmrn .. ,#» 



* * 



lotlt); 

am 

Bttocinie , ... . 


,i 


• 

50 

Sulphuric. , **• * 

A, 



i) 


iaw) 

Di HD), ,,*•.. .»*#■# .*.•* 



1 

40 

1* 

^tlmhnric Acid * 
Waf Ws.MVjM. n 

1 

401 


(W) 



1 


49 


Sulphurous 

t-ulpb<v»inhpc i 

J HtitHlu C 4 **’* Oxide Qf Civ 
lumh unt) 

'I ftTtaric 

Ditto 

1 1 II me (*ei Ox id** of 
1 II i 

Tit utii hop Oxide f )H 1 
1 m 1 (net Ox in ot 
l in ipt 

( r h I tfh A ill 
At/ Ci Sulphuric 

Ditto 

Air Alm^h rtr ft mixture 

AH imiori 
\l i hoi 

Ditto . 

Alumna 

Ami eh 
A in mi >m i 

Anlunom 


■Osjgra 

'sulphur 


lartin Acul . 
itir 

Ox pn 
If) li fftn 
\ nr hoo 


L 


>X K 

H) Ir r n 
jf ir* in 
Okh it I < in 
A |ii ms \ i) o ir 
f Kyif t f» « 

frl* 


jNitrotfrn f 

Jo v jr I 

IH> lr n 
|< irh it 

|f)lH mt G u 
A ns \ hj i 
Oxn,<*i 

\ III iUIMJH 

Ilfs li n 
N tr o n 


PifuiMij X « r«i timom ife of C &A 
A t»pii S 


At i inn i A 01 

Au nio 1 1 A of 
DlMi B II II Mill iti of 

Bis n tl A of . 

(, idiniuii A < f 

C il ilt A it j 

I 

li n V rot > d irncji ite of 
^1) j r t irsi i li c 1 ' 

I il Protar email* of 
I iM 1 Pnt ten 1 m n 

| ( f ( "Mltvt k J Mis II . 

ttU, L | 

linn \r* mau i j 

Mu i,ii i si i \riemati of j 

I 

Munganm Protariwi mte 
. oU | 
Mimurv Protarscmate of 
Virkrt, Proterseumte of ^ 

» 

Ditto iWobmarwmate 
of . t . I 

I 

Pot am, BWrwmUtf of . j 
• ( 

Soda, Amwuate of 

Ditto, BluxrWxte of . . * » 


C <( A 


Antimom Ad I 
P it i»s l 


\rsun An l 
A nu ms 
v\kt r 

* rsi*r i And 
V m r on i 
Ami nt( And 
Amniorn i 
VN iter 
\ i s«m< A 1 
i>xil of Bis in utl 
W iter 
\rs in A 1 1 
f>X l olLii t l HU 
VV lit*, i 

Arsn i An 1 
Otidi 1 1 ( 1 dt 
Uni 

\rsrn A 1 1 
Pr I >t I Oil 
Vt alt r 
\r ni Ail 
Pntox Ten) 


\rsen A^il • 
Prot x l nl 
Aih » And 

f MTU* 

Ymni And 
1 vl * 

NV»*t» r 

Arson A id 
[Piotox Man 
W atir 

Ararmc Arid 
Proto* Mero 
Ari< ok And 
iPto ox Nr Wei 
|W*ter ( 

Ar^iiir A< id 
[Piotox NuWAl 
\\*ur 

Araiutrn Acid 
Potass* 

Water 

A fMetilo Acid 
6ud«u. , . 

W atitr v 
A r Nemo Acid 





Cmundk 


Attlr'o 

Ne «f 
AAMfN 

£ 

K 

Aimm* 

ftatKU 

Twa* 

u** 

9 

1 

'}«*} 

92 

(389), 


■ * 

<m) 


t >6 1 
9/ 

•iw 

(TBS) 

I 

I 

76 

(936) 

5 

40 J 



2 

9> 

66 

(Do) 

4 

84 * 


• 


• 1 


li 



; 

<740 
(1072 ) 

4 

8) 



5 

5 

*7 

(1024) 

4 

24 } 


fc 

1 

1 

2 l\ 


U>qV 

Oil 
80 voi 

} , 


(44? 


. 

(lOffi 

1 

8, 



3 


28 

(1023 

2 

1‘2> 



4 

j 

28) 

181 

40 

(Dll i 

j 

8 j. 
10/ 

IS 

(518 



t994 

3 

) 

14J 

17 

(460) 

1 

1 

41 

754 

3 

1 

180 l 
481 

928 

(”% 

l 

38 

(698) 

J 

ro\ 

ihV 

\U 

t70») 

<> 

bO 



1 

«) 

1 <q 

t 

i 

2 | 

124 i 

1 


1 


I 160 1 


2 1 

IV 

1 


I 

I 

80 | 

' 160 


2 

• 18 

) 


1 

fi| 

1 


1 

64 | 

1 13^ 


l 

‘i ’ 

1 


1 

fi»| 



1 

31 \ 

I 132 


1 4 1 


i 

> 

1 | 

n ) 



2 

■>2 

161 


4 1 

i sri 



1 ! 
y | 

62 ! 
Vli 

174 


u 

<» n 

Jf 8 I 

230 

i 

1 0 

\ 

C21 

1*8* 

90 

{ 

1 

62) 


! 

1 

SO \ 

m 


8 

78* 



I 

69 1 



\ . 

36 f 

188 



■ 90 



I 

1 

i 62 J 
908* 

970 

. 1 

i 

J 

62) 


l 

1 

H 

150 


b 

54 » 

I 

• 

1 


124 1 


| 

l 

J4> 

248 

I 

10 

90 1 



a 

124i 

1 

1 

l 

4«} 

181 


i 




X 

U) 



l 

d2> 

166 


8 

78* 



9 i 


1 


1 

92 

90i 


6 J 

4tf’ 

, ,- TT ^4, 



«s» 


Vot. IT. 




C H E M I S 

TABLE XII. cmtimed. 


*■ 


oXW/ 1 . 

sou*. 

Element*. 

No or 
Atbma 

Contt 1 - 
tiutot 
^por- 
tions hj 
Weight 

Total 

Wslabi 

Atoms 

rafinrred 

toHyd 

ArOnle i 

In this 
Trott- 
tUe. 

BnboUnco. 

State. 

liNMMli 

Ne. of 
Amm*. 

CWtt* 

txmt 

Piopur- 

tiviuite 

Weight 

$Sfi 

Atman 
rwBrrwl 
to if yA. 

‘«r 

Tmv 

Uw. 

'" Stroatftau, Aiwiiittte of . . . 

a. 

2s 

interne Acid .... 

IrotttVfltt. , , , 

l 

1 

8 

62) 

52 > 

186 



A, 

Oarlwnio Acid, , , 

B 

881 

881 

50 




Vater, . 

72 J 


Magnesia, Carbonate of . . 

S. 

CartmUio Acid. , , 

22 , 



Silver, Prot-berttS-dianiPhi. 

A 


1 

U 

1 

62a 



dagnONiu ....... 

Wntor 

H 

90 l 

97 ' 

69 


Zmc, Frot-aweuiate of — 


’rotox. Stiver . . . 
Arsenic Arid , . . , 
’rotox. Zim; 

*2 

289 


Ditto, Ditto 

A. 

Jarbonitf Acid., . 

H 

891 
90 J 

99) 

49 



1 

8 

«} 
72 1 

54 i 

176 


Marganme, Proto-carbon- 

8. 

Carbonic Acid... 
Pro (ox. Man#.,,. 
Water...,. .... 

i 



Arsenites 

A. 


1 

82 

102 

(708) 


1 

2 

36} 

18’ 

78 


Potavza, Arysnita of 

“ 

dm** . 

Aisemoux Acid. . 

1 

1 

1 

28 f 
54 l 
48/ 

Mercury, Prot-beimhimr- 
bonaio of (Stwpiicarbon- 

A 

Curhiynir Aoid... 


83 1 

941 

K» 


Silver, Ar»enite of, ...... . 

Soda, Arneoite of 


Ai sen urns Acid , . 
Protox. Silver. . . 
Arnmious Acid. . 

I 

1 

1 

1 

iS} 

172 

86 


Nickcb Prolo-carbonate of 

S. 

Proto*. Mere 

CarlHinlc And,. . 
Proto*. Nickel... 

996/ 

*’9 ) 
34} 
87? 







,1029) 

Potossa, Carbonate of. » . . 

C. 

Carbonic Acid... 


29v 









(»•!»' 

(1019) 


PoiAfsa . * . .. ...» 

1 

48 l 

86 


. . . . , 




■ 




Water 

2 

18 \ 




S. 




70 

(5?4) 

(575) 

(981) 

Ditto, PiMt-bcmi-bkiarjlion- 

f 





Baryta (see Protoxide of 
Bar yum.). . i 




78 

ntn of, (SeHqinoarlKJD- 
aie) 


Carbonic Acid... 

H 

1 

.33) 










PotftiOm. 

48 f 

135 


Ammonia, Benzoate of . . , . 

s. 


1 

120 \ 





0 

64i 



t 

17 i 

146 











1 

if 












l 

120 i 





Carbonic Aoid... 

3 

44) 





Potamaa 

1 

ji 

48 } 

195 




1 

l 

48 } 
9 1 

101 









Lead, Proto-benzoate of . . 

•• 

3<>nzmc Anti. . . . 
:*roiox. Lead.,.. 

1 

1 

120 ) 
i is y 

9 i 

241 

<t 

Silver, Proto-carlmnate Of. 

Sodium, Protivrarbopate of 


Cartioiiic Acul. . . 
Protox. Silver... 
Carlmuic And,. . 

1 

1 

I 

118/ 
22 i 

140 


Bawionoe 

.. 




.. 

(1042) 

(1091) 

(HU)* 

(810) 


Soda 

1 

32 

144 


Bile 

) Biliary Calculi 

s! 



•• 

72 

Ditto, Prol-bemi-Mcorbon- 

ato of, (Se»quic»fbonntt-) 

c. 

Carbonic Acul . . . 

H 

*3i 









(1025) 


Soda 

1 

82 

83 


Blood 






(1094) 

(341) 




2 

18 f 








Ditto, Bicarbonate of .... . 

c. 

Carbonic Acul, . . 
Soda ,y. . . 

2 

1 

44 i 
32 

95 



c. 

Llntanc Acid .... 

1 

24 i 




Water 

1 

l> 1 



)M 3 

4H t 
78 » 

59 


Strontia, 1'roto-rarbonnle 









2 


A. 


l 

22 » 

74 


Baryta, Biborate of 

A. 

Hor.icic Acul .... 
Baryta 

2 

1 

120 


Uranium, Deut(vearbouttte 

S iron tin 

t 

1 

52} 


Magnesia, Bi borate of. . . . 

A 

Roraeic Acid.... 
.MugncHia 

2 

i 

4H y 

20 f 

6S 


ot 


C trl)omc Ac ul. . . 
OeulDK. Uran. . . . 

1 

22, 
224 ) 

955 ; 


Qfijli Utkrtwn f a j>vf ( T4/'\1 a M ^ 

C. 

Boracic And 

Sod O',* 

2 

48 s 






1 



oOufti! XHDon&io vi ^uorRAj 


1 

3«l 
72 1 

152 


Yttrium, Proto-carbopiate 
of 










Water 

8 



Carbonic Acid. . c 

1 




Boflklt 

s. 

1 

8 

8 

(324) 



Yttna 

1 

42 

73 

1 

Bruoia 


4 

. . 



( 1008 i 



Water 

1 


1 

Bryoninoi., ... 

C^ilipinm ... 

8. 




50 

{ 1013) 
i684' 

Zinc, Proto-carbonate of.. 

c. 

Carbonic mid.,, 
Protox- Zme 

1 

1 

S2, 
42 i 

73 

1 

1 

Caffein . 

Calcium 

CaJdfoh 

Calomel («ee 0 blonde uf 





( 1039) 
•541) 
1114) 

(874) 

\ 1022; 




l 

9 • 



S. 




20 

Ditto. Ditfo ............. 

A. 


1 

22) 

64 

;; i 



\ 


•- 

236 

Cafhartin 

Carmine ................ 


Protox Zim*...,. 

I 

42/ 

1(1044) 

[(1037) 

Camphor 





Cart imp) uic 





, , 

:1034) 

Caoutchouc 



. , 

, , 

, . 

( 1020) 


. . 




. , 

(1098; 

(10451 

Carbon 

s! 




, , 

<29 7) 

On no 

. , 











Ilnnimi r -. IT ... ... 

S 




69 

(777; 

Carbonate* 

Ammonia, Carbonate of . . 






(312) 

C'huroottl. ...... ......... 

8. 




(W) 

s.i’A. 

( s. 

Carbonic Acul, . , 
Ammonia . . 
jCarboniu And.!, , 
A mrnonia ....... 

*i 

a \ 

17/ 

83) 

V 

39 

59 






\ t 

(1«M) 

(1*7) 

Ditto, Hemi bicarbonate of 

i 

i 


Chlorate* 

Bury urn. Proto ( hlorale ot 

A. 

Chloric Acid,*,. . 
Baryta 

v *i 

761 

isi 



W'utur ,, 



1 

78/ 

191 


Ammonia, Bicarbonate of. 

s. 

Carbonic Acid. . . 

Ammonia . T 

2 

l 

44 1 

70 


Lead, Proto chlorate of... 

A. 

Chloric. Avnl . . . . 
Protox. Lead . . 

i 

l 

iSl 

188 




Water .......... 

1 


Mercury, Proto-chlorate of 
Potasoiifii, Proto chlorate 

of Pf 

A. 

Chloric Acid . . . . 

l 

76i 

808/ 

:«i 

884 ‘ 


Baryta, Carbonate of ... . 

BUmntlv, ProtMricarbon- 

6.&A. 

Carbonic Acid,.* 
Baryta 

1 

1 

,g} 

100 


Jk 

Protox. Merc, ... 

Chloric Acid 

A 

1 


8. 

Carbonic Acid . ■ , 

1 

22 1 




PotBOVH 

1 

48/ 

194 


4 r ,,. lfr 

i. (, 


Pretax. Bigm-.M 
Watw.. ,lr. 

Carhobie Ac t id;i, 
Prwtox, (Sadm.. . 
OarbontUAcul. . . 
Proto*. Cobalt, . . 
Water . . 

3 

Q 

80 1 
J 

120 


Antimony, Chloride of. , . . 

Ditto, Dichloride <tf 

Baryum, Chloride of 

*• * 


’i 

il 

i 

i 

361 

44/ 

361 

88/ 

m 

70 ] 

g> 

80 

194 

106 '' 

(1*3} 

V 

Cadmium, Carbonate of. ,. 

Cobalt, Carbonate of ..... 

i 

S.&A. 

B. 

• 

1 

1 

1 

1 

«} 

22) 

8 j} 

86 

65 


•* 

Antiir^iny 

Chlorine 

Antimony ..i,... 
Chlorlm , 

Baryum 


Copper, Proto-dioafboofttf 


Carbonic Arid , , , 

PvfttlW rinhnaV 

1 

2 

, 221 
' un V 



BUrauth. Chloride^ ..... 
Cad min m. (Jltlorid* of . 
Cerium, Chloride of, ,,, , . . 

Chromium Chloride fff /i . 

— 

t* ' 

w<* 

Chlorine,.....,. 

giomuth ........ 

Chlorine 

l 

l 

v i 

109 

1 

Ditto, Ditto .... 

Iro#, Proto-ombottOa o v 
' , , Lead, Pf^l^oarlmaatdaft 

, A. 

, A. , 

v 1 At*, 

rrnLUA, voppsi ■ « 

Water 

Carbonic Acid... 
Proto*. Copper., 
Carbonic Acid. . . 
Protcx. Into,,,,, 
Carbimw Arid. , , 
Pwtax, 

1 

1 

2 

1 

\ 

. I 

, , 1 

W f 

SM 

‘ %) 
SI 

B 

iw 

102 

. '58 

] 134 


Cadmium 
Chlorine , 

Cerium , l4 

ChloTine 

Chromkim ,,„ii 
Chhmrro 

JOobaU. 

l 

■.* A 1 ' 

■1 

l 

w) 

S»1 

Sr 

S) 

99 

86 

U 

«s 

- ; [) 


A' 




































CHEMISTitl 

TABLE XII. continued. 




Hut*. 


Cupper, Chloride of* j S. 

Ditto, DicWonde of | S. 

Glytiynum, Chloride of. ... | 1$. 

Gold, Chloride of. . * 

Ditto* Bichloride of 

Iran /Chloride of 

Ditto, Semi bichloride Vj 
(BeKjuichlonde; 

Lead, Chloride of 

Lima, Chloride of 

Lithium, Chloride of ... 

Magnesium, Chloride of. 

Manganese, Chloride of. 

Mercury, Chloride ol (C**-l 
lomtJ) 1 

Ditto, Bichloride of (Cur 
ro.lve Sublimate) ..... 

Ni'-hel, Chloride of. . . . , . , 

Palladium, Cl Linde ot. . . 

Platinum, Chloride ot .... 

Ditto, Bichloride of 

Putaxxiuui, Chloride of ... 

Rhodium. Cblonde of , , . 

Silver, Chi mdn of j 

Sodium, Chloride of 

Strontium, Chloride of . 

Tin, Chloride of 
Ditto, Bichloride of. ... 
Dramum, Chlmidft of. . . 

Yttrium, Chloride o f . . . 

Zinc, Chloudr of, . . . *, . 
Zirconium, Chloride ot . 

* i 

Chlorine. G 

Chramates I . • 

Ammonia, Chromate o!^. . . | A. 

t 0 

Ditto. Bichromate of C 

• i 

Baryta, Chromate of | A. 

Bimnuth, Chromate of. . . !» * • 


Chlorine . 
Copper . . 
Chlorine , 
Copper . . 
Chlorine . 
OTjrrynuio 
Chlorine • 

Gold 

Chlorine . 
Gold .... 
Chlorine . 
1 run 


No. of 


Cwuti* 


tioiwby 

Weight. 


Cadmium, Onromatr of. . . ] 

• j* 

Chromium, Chromate of. . 

Cobalt. Chromate of. .*....[ 

I 

i 

Copper, ProttHshrompto of 

Lead, Pryt-vchromate of . 
Lima, Ohwaattt of. . . 
Magnouia, Chromate of. , J 


M«rearjr,Prt«o-t»hrotBtatoof| 


Chlorine 

Iron 

Chlorine 

Lend 

Chlorine 

Lime .......... 

Chlorine 

Chlorine 

Magnexuim 

Chlorine 

Manganese ..... 


Chlorine . 
Memory . 


Chlorine 

Me if uiy 

Chlorine 

N i< he! 

[Chlorine., .... 
Palladium . . . . . 
('him me ....... 

j Pint mu in 

Chlorine . ? . . , . 

PI muum 

[Chlirine 

, Pot tssiuni . . . . . 
| ('hi ii me. .. , 
, lfhodmm 
('hloiine ....... 

; filter 

< Murine 

I sodium 

Ch'orme „ 

[strontium 

Cnlorme 

t«« 

( hloniirt 

1 in 

1 Color me ...... 

l/ui mm . 

( hlonne ...... 

^ Ttmin . . . . . 

[Clilor ie ... . . 

/»»• 

Ohlmme 

iZirimu i * ♦ , iw» • 


' At 


Chroim And.. 
^iiiiii mm . . ^ 
Chromic And .. 

\mrnonia 

VVaier 

Chroiido Acul , , . 

Bury t* ,‘ftv 

(Jinoinkr And ... 

( Inula of Bbtn , . , 

Water 

Chiomie Aiul... 
Ox. of CndftU. ., 

Water 

Chiomw Avid . . 
Ox ol Chromium 
Cffroino And . . 
Ox. of (Cobalt . . 

Water 

Oh i unite A eul . 
Proto*. Copper 
Water. , . , , , ^ . 
ChvwRiw A ft id i . 
Proto** Land . . . 
Chromic Add . . 

Luna 

Chfwnia Aoid , . 

MagowiA 

.Wator. 




32 f 

36 i 
64 f 

SI 

£i 

7a i 

200 f 
36 1 
MB J 


H 5 M 

1 U8f 
l 1 Ml 
1 ( 104 J 

1 I 36 

1 VO} 
l 36 
1 JO 
i 36) 
19 f 


IK) l 

28 J 

m) 

7-A, 

!lv o f 

■Si} 

m 

oof 

5* 


toHjd. 


68 

100 

H 

230 

272 

64 

82 

140 

50 

40 

48 

et 

m 

272 

6J 


132 

ll 8 


ATtlet* 
In thU 

Tt*a» 


76 

; SI I H0 

:,siU 

"V 


2+ 
361 
4+r 

1 1 

; I si 

{ | alnf 


1 

1 

2 
1 
2 
1 
i 
l 

1 

2 
1 

1 
5 
1 
1 
1 
1 

2 
l 
1 
3 
l 
1 
J 
l 

l* 


3*t t 
M I 

34} 


ft 

lot . 

Ii! 

52 

80 

18 

52 


00 


91 




} 

Oil 

4b) 

52 1 

f f 

5d \ 

34i 
Itt J 


4* J® ' 

t .S) 

sat 
28 J 
62) 
20 V 
•18/ 


KM 


150 


161 


104 


110 


164 


00 


060 


78 )) 


NioUd, Proto-chromate of 

Fota$fla, Chromate of. ... . 

Ditto, Bichromate of 

Silver, Chromate of 

Soda, Chromate of 

Strontia, Chromate of ... 1 
Zinc, Chromate of . 


Chromium 
Chyle 

Shy«»e 

Cfnvhonme 
Coal . . . 
Coal Gun 
C obalt . . . 


Colutn hntrs .. 

Soda, Columbato 0 f . . 


Culoeyntlun 

Coloiiibium 

CEpitl * 

Coppd? 

Cytisine 

Cyanogen ... 

Delphinu. ,u . . 

Diabetic sugar . . . 

Diamond . . . 

htaine . . . 

Ellftgia Acul 
l.inenne .... 
P'^eutial OiD . .. . 

1* riier, (nee VA lie! ) .. 

Kuit’oiine 1 1’rotox 
Ckilnrme) .... 
Fxtrutiv^ 

Vrf*CtS .. 

Kei meiit uuin . 

» Ft rr»* 1 hyaxu At id the 
h\ lro« 1 aim A ) 
Ferro h> lr« v line J 

( HUP A( 111*,) . , . 

|Vrn> prussic At id ( Ku 
hydroc) unit V , . . . 
Ki hrin 

Hiiohnritc, (nee 
tiaiitm) ..... 

Fluomie 

Fiaoritl«H . 4 , . 

Him Hiiicites ti»t*e Sil 
duates 1 

Palimn itmjj Men mv 
Hiugin . . , 

ft til itoiw f 

•l tstl 1C luif* 

(jclatme 

(Iliad me 

Giicvu 1 (Gliu'iiia) . 
blviynum .... , .. . 

< »lu tun . , 

Hold 

Gum 

tin 111 n unis 

H ur .. 

1 la uiaiiue . ......... 

Hotgleii) 

•Hmi . . .. . 


njdatrs 

I Hydrochloric Acid 

Aeuin, (Munatio j 

[ Ift/ih ochloraibS. 

1 Alumina, BL of . .. . 


-j — — v 

momae) 

t 

Baryta, H, of.,. .,4.*. ... 
of v . 


Mat*, 

Niemwu. 

m 

B 

ifBfflt 1 

55Sffi 

v*m 

1 

n 

*4 

[yhroaiw Amd . » » 

1 


V 



Pmtox Nickel. . 

1 

Hi 

m 




4 




A. 

Chromic Acid . . . 

j 

62} 





1 

9 

4HI 


A. 

Chromu Acid ... 

‘Si: 




Potansa. 

1 

w# 


A. 

Chromic And ... 
oxide of Silver . . 

1 

i 


m 


M 

Chromic Ac id , . 

1 

Ml 


4 


Soda 

1 

32 V 

m 



Water 

12 

1 

108 1 



A. 

Chromic Acid 

52) 

m 



Strontia 

1 

521 



Chminh* Amd . . . 

1 

52) 

94 



Oxide of Zi in 

i 

42 J 


s. 



28 

(7M) 

a m) 

L 





T. 





aom 

s 



*2 


$004) 

s. 




V 

1025) 

G. 





cm) 

S. 




26 

(787> 

.. 

. j. ■ . ...... ... 


J 


m) 


Culnmbir Acid . 

I 

152 % 





1 

32 l 

274 


s 

Water 

10 

ooJ 

ami) 

_ 

8. 

s. 


- 


144 

1745) 

(ioi7> 

S. 




32 

(«n) 

s 





(1o46> 

G 

Nitrogen Gas . 

1 

i4l 

36 

(472) 

S 

s 

C ir)*on Vapour 

2 

1*1 

(1010' 





vl096^ 

s 





(207) 






(1014) 






(98f> \ 

s 





(1006) 





(1016) 

I 


. . 


,, 

1 1034) 

1 

G. 




.. i(M4> 

. s. 


■■ 


.. 

sW*47) 


" 

‘t 


(10)7 


;**!!!!; 


* • 


aoco 




l 


(4471 

a 

H 


•• 

1 ’* 

1 .. 

! •• 

*• 

vPo) 

l» to.) 
G065, 

* * 


1 * * 


* 




i 


(194 ) 

* * 




18» 


‘ ’** 







»- 





(IM1 

’ * 






. S 





(1018 

. s. 





(U14) 

L. 





(1090, 






- 

(1067) 

(1038) 

‘ S 
s 

r • ■ * * 

- 

•• 

s 

IB 

(508, 

(507) 



* * m 


f 103B1 

. 81 



** 


300 

(951) 



** 


(1031) 

' ig 


• * 



(I018i 

8. 


• • 



(HOI) 

. S 


* * 

** 


(1083) 




* * 


(1051) 

: I: 



.. 


(1102' 


*:$* 

- 


- 

4241) 

) .: 

t; 

- 

•* 

•• 

lU») 

* t« 

HwiroehloricAcId 
Aimijum . . , . . 

u 

l 

37) 

27 

• 

91 



Water,. . 

3 

*7 * 



'* A. 

HvdrochloncAck 

1 1 

87) 

54 



Ammonia ....... 

1 

iiJ 


C. 

H ydnvchhmcAcic 
Baryta 

1 1 

I 

79} 

124 


« 


1 

pi 



0, 

HydwhtorittApU 
Oxide of Bum 

) 1 

, l 

37) 

f! 

T 



V^at^T 1 ■ t - f r - t ‘ 

. } 






LL 

T . r ^ 






' ) 
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TABLE XII. continued 


Cadmium, H of . . . — * C. 

Cerium, H. of C. 

Chromium, H, of, . , C. 

C^ult, Piot. H. of C. 

Copper. ProL H. of ..... C. 

tflycyna, H. o< C 

lion, Ptot. E, of 0 . 

i 

Li mo, H.of C 

r 

JL.th.a, H. of C. 

Magnesia, H. <>t C 

Manganese, Prot. II. Of . . c * 

Nickel, Pro!. It of . . . C, 

6troutia.il of C. 

o 

Tin, 1) euto-bih y drocli 1 . of 
(UimuruUeof lin ) .... C. 

Zinc, Plot. Hydrochl. of . . A . 

Z.raotna, Hyd of i C. 

fft/drocr/anates | , . 


Hydrofjurets ( Hydra retn') . . . 
Carbon, Hv.fiuguretij of, 
H«e Art ^Hlvf ) • •<*» • 
Phosphorus, Hydrogurcrof 

Lhtl, , Bihydrogurct of. , 

Hydruret of Sulphu. (%*r 
Hydrosolpburons A< id ) 

Hydroivlphatet . , . . ... 

Hypophosphitui 

Hypoiulphatcs ... .... 

HyputulphiLcs . . . , . , 

Ignsurates 


Iodide* (loduree) 
Iri&ium 


Ittria (nee Yttrta) 


IlydrochloricAold 
Ox.de tofC^iu. . 

Water, 

Hydrochloric Acid 
Oxide of Cerium 
Water .... . . 

Hydrochloric Acid 
Oxide of Chrom. . 

Water 

llydroohlorioAcid 
Protox. Cobalt. , . 

Water i... 

HydrochloricAoul 
Protox Copper . , 

Water 

HydrochloncAcid 
(ilyryna . . 

Water 

RydroohlonoAcid 
Protox. Iron 
Water . , 
Hydrochloric Ac id 

Lum* 

Waiwr 

Hydrochloric And 

Lithm 

Water . ... 

Hydro, hlonoAcid 
Magnesia 
Wafer ... ... 
Hydiochiuru Acid 
Protox. Mang. . 

W w ier 

IlydrochloricAcid 
Protox. Nickel . . 

Water 

Hydroehlorn Acid 
'Mroiitia . 

Water .... 

Hydrochloric Acid 
Dentox of Tin 
Wafer 

HydrochloricArtd 
Protox Tin . 

H) droehloru Acid 
/.mourn 

Wat.r.. . . 


! 

flvd.ogcn . 


Plio>phoius . 


Hydrogen .. 

. . 

Phoxpfconu . . 




State. BHwsnu. 


Malays. . . . 
Manganese 

M(ir#uraiet . 

Meconnlet .. 


vorovylates. 


Muriate* (see llydroHilo 

raten") 

Muriatic And ^hwj Hyd to 
eldorin A ) 


Nance ic Acid 

Naphtha 

Natron (awe C irb* Soda) 


A t t rates 

Alumina, DmUrote of , . . . 

Ditto, Trinitrate of 

* 

Ammonta, Nitrate of 

Baryta, Nitrate of 

Bismuth, Proto-nitrate of. 

Ditto, Proto-diuitrute of . 

Cadmium, Nitrate ot. . » . . 

Cobalt, ProftHttitrat* of . . 

Copper, Proto nitrate of . 

Iron. Pro to -nitrate of , f *. 

Ditto, Hemideuto *enu hi 
nirrare of (, Pef/Uisottiiu 


N.tnc And ... 
Alumina..... 
Wat to ..,<&* . 
Nitric Arid 

\ lamina 

Water 

Nnrtc And , . . 

Ammonia 

Wuci 

Nitric A. id . . , 

Bar> la 

Nitric A. id . 
Protox. Hunm 
Warm . . , . . 

Nitric And . . . 
Piolyx Bi-.ru . 

U ater 

Niiro A* id 
Ox.de ot, .. . 

Water 

N.tr.r And . , . 
1’iotox Cobalt; 
W»tm * 

NltTlC And . ,4 

T’intnx. Copper 
Water..,, . 
N.ti c Ad<K,. 
Protox Iron .. 
Wu’er 


Ni 

P» 

N’i 
Li 
W 

I Nitric Arid 
'Mr— “ 

V 

Nitric Acift . . 
P'Otox. Mang 


Mercury, Proto-nitrate of 

.1 

I'Titlie Acid . 


Protox. Mere 



mtm: 

Ditto, Den to- nitrate of 



<P«TOitrate).»*., ...... 

A. 

Nitric A^cid . 
Pea rox. Merit 

Niort Proto-n Urate olV 


Nitric And . 
Protox Nick 

Potaaea, Nitrate of (Nitea) 

A. 

Nitric And . 

Si!%«r, Prptw-hitrate oi.«. 

A. 

Nil# And . 
Protnk. Stive 

Soda, Nitrate of,!.,,,,.. 


Nitric Arid . 

dtroatia, NHijMit 

■ 

Nitric Arid , 

> * f * 

>, ' 

Data A 

• 

A* t 

fe: 

Str^da,...* 
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TABLE XII. continued 



Cranium, Deuto-*<mii*bi 
nitrate of (jWjuim 
trate) 

Zin<\ Protonitrate of , 


NitrlijJEiher,, 


Nitric Arid 
Doutox. ofuran. 

WW 

NlwcArfd 

PMrau Ziuo . . . . 
Water 


H BU\ 

1 S84 L 45ft 

17 1531 I 


ATi fritoi*,... 

Nitrogen (Aaott) 
Nitraite Onn... . 

% Nitron*! Oxide... 

Oil 

Olefiant Q*n .... 


G 

a 

G. 

t 

Q. Oirhon... 
Hydrogen. 


fXrnfo#. A 

Aluininiun. PrOtox of 
(Alumina) ■ 

Antimony, Proton, of, . . • 

Ditto, Hemulrutoxide of 
(Deutoxidn, or Ant. mo 
iiwiu* Acid; ....... . 

Ditto, l>*utoxide iff Per 
oxide, or Autimomo \ i 

Arneiuc, Du n Ionian of » Ai 
aemoun Acid) ......... 


Ditto, Tritoxidft of (Ar- 
wnu Arii) , 

Bat yum Protoxulti of' 


h. Oxygen....... 

Aluminum , . . 

• • Ox; gen 

Antimony 


Oxygen... 

Agtiuiuii) 


Oxygen... 

Antimony 


Ditiu I) ut ox li o* . ( 

Bismuth, Ptotoodc of 
Cadmium Pntoxide <4. 
Cal. him. Protoxide of 


\ Carbon. Protoxide of t ,C ir 
borne oxide) 

Ditto, Dentaxide of (Cur- 
Kinio A< ul) 

^Cerium, Proton de of, , . . 

Ditto, Hetrmleutoxide of 
(Peroxide; 

Chlorine, Protoxide of 
(Kjthioriuej * . . * 

• Ditto, T-Hontda of 

• # 

•Ditto, Teturtoxide of (Per- 

oxide D ) » 

Ditto, Pmptoxid* of 

vLahfhc Acid) 

Ditto, Keptoxide of (Per 
chloric And) . 

Chromium, Protoxide of . . 

Ditto, De^toxule of, .... . 

Ditto, Trltoxide of (Chft* 
u»u* Andy A 

Cobalt, Protoxide of 

Ditto, HemUleuioxlde of. . 

, Coiumbmtn, Protoxide of 
^ColGmbic Awd) 

Co^er, Suboxide of <R«d 


8 Oxtgrn 

Hm \ nin 
Ox)grn, . . 
H »tv i in . 
i. Ox\geii.. 

Hi ,iYiuth . 

. . Ox\ tfi n 
Cadmium 

/ Oxygen., 

• Cuiuui.i 

0. Oxygen 
Carbon . 

a Oxvg » 

C'[ir!«m r 
OJ^gen .. 

Ci fiiim ... 


o*™,« 

Chfonn* 

Oxygen .... 
Chromium ... 

Wg** n 

Chromium . . . 


'• 

Ukraomiin « ( • 


Oxygeu*'., 

Cobalt.... 




(455) 
14 (435) 

.. ,, (456 i 

.. .. (451) 

:• Op* 

l i\ 14 (317) 

..‘doss) 

? 4N05) 


1 ii! 18 (5^) 
1 «} * 8 (7.7) 


1!) « 
«} « 
SI “ 
Si *t 


Ml . 

5ft * 04 


ifl « 

:D «' 
f*n * 


w) 33 

}S1 44 
2} « 



Copper, Protoxide of (Black 
Oxide) 

' 9fy<synura(P«^ox^e of . . 

"4oI4Plto<o^d« oti 

Ditto, Tntoxlde of. 


Into, Proto^tle of. J • • 

Ditto, llemideutoxlde of] 
(Peroxide).., •• 

Dead, Protoxide of ®* 

Ditto, Hemuledtoxlde of 
(Deuioxtdu <»fD ) * & 

Ditto, iWtoxide of (Per* 

oxide otJU) 

Lithium, Protoxide of 

({pJLithia) B. 

S^agnoHutn., Oxide of 
(Magneto*!) 8. 

Mangiucse, Suboxide of. , S, 

Dittft, Protoxide of f Oxide 
ofM) S. 

Ditto, Hemideutoxule of 
(Deiituxiiltt of M ) S, 

Ditto. Drainxule of (Tntr 

oxide of M.) I R. 


g*ytr®*» J 

Copper 1 

Oxygen I 

(alyoymun 1 

Oxygen 1 

Gold 1 

ttxygen 3 

Gold 1 

Oxygen 1 

Iron 1 

Oxygen li 

Iron 1 

2ar.:::::::: 1 


sr.7 

22T::- 


Oxvgen 

Lithium . ... 

I Oxygen 

Magnesium . 
t)x)g»n .... .. 
MttugaueiH 

0*yfpn 

Mauganefir. ... 


Oxygen 

(Mmiganew. . . 


Ditto. Tritoxide off (Man 
ganenou* Aoul) 

Ditto, Tetartoxidc of 
(Mi. "aneam At id ) ... 

Mefeurj , Protoxide of ... 


Ditto, IVutoxide of (Per 
oxute of M ) S. 

Molybdenum, Protoxide or . 

Ditto, lleotoxide ol (Mo 
lylidouji A ) •« 

Ditto, Tritoxide ol (Mo 
1) bdu A ) 

Nit keb Z^rytoxide of ..... «• 


Ditto, Uemideuf oxide of . .« 

Nitrogen, Protoxnlt of 
(Nitron* Uxuli ) (3. 

Ditto, Ih ntoYideof (Njtm 
Oxide) G t 

J)itff», Tnfoxi le of (IIyp ( > 
iiitroux And ) 0 

Ditto Tetartoxidn of (Ni 
trouji And) 0 

Ditto, Pernptoxivle qf Ni 
trie j^cul ) . .......... 0, 


Palladium, Protoxide of. &,? 

Platinum, Protoxide of* .7 S. 

Ditto, Deutoxidfir o^ (Per- 
oxula of P. S. 

PotoBHvum, Praioxwte of 
(Pottoma) h.o Sk 

Ditth, 7'ntoxbl* oi (fa- 

oiWilaof P *+*.. a. 

Rhodium, Protoxide of , , , S, 

Ditto. Deouwnde of‘ (Pier * 

oxidguf R.) 6k 


O rygen .... 
Manganese. , 

Oxygen. , , 
Miuig incur 


t>xvgen 

Manganese .. . 
Oxygen 
Mereury . . . . 

Oxy gt n .... 
Men nty. 
Oxygen. 
Molybdenum . 

(bOrgm . . . . 

Molybdi num , . 

Oxygen 

Molybdenum . . 
C>x\ gen . , 

Ni/kel 

Ox * gen 

Nickel. 

Oxygen . 
Nitrogen. 

Oxygen 
Nitrogen., . ^ . 

Oxygen 

Nitiogeti . ,, 

Ox j gen . . . 

Nit^gMi .. . 

StaQb:*. ..... 




Okwen .. 
Platuiura . 


Oxygutii lf .\.., 


m) » 

I?} v 


soJ} 884 
* 

It) « 

10®} 116 


in} 130 


I®} 30 

w} 84 

»S} * 
is} « 
'£} 44 
tti 83 


aiS} 316 


16T 64 

,9/ I 64 


iil •* 
.*} 38 
!?}' 38 
-ft} 33 
ft} 43 


4*} !.»• 


5t! «' 

40 f 


* ■" ^ 














C H E M I S T R Y. 

TABLE XII* continued. 


i * 


’erf' 


Silver, Protoxide of 

Sodium, Proto*, of (Soda) 

Ditto, Ifemideutoxide ofj 
(Peroxide of) 


Strontium, Protoxide of] 
(Strontla) 

Sulphur, Protoxide of (Hy- 
jioaiiiphurous Acid ) ... 

Ditto, Dentoxide of (&ul« 
pharous Acid) 


Ditto, Hemitritoxide off] 
(Hypoeulphurtc Acid) . , 

Ditto, Tritoxido of (Sul 
pbufio Acid) 


Ditto, Ditto ^ 

Tvftunum, Protoxide of] 
(Telluric Acid 

Tin, Protoxide ol 

Ditto, Duutoxide of (Per ] 
oxide) * • - « 


Titanium, Protoxide of. . 

Ditto, Deutaxide of (Ti-| 
tame Acid) ........ 

Tung* too, IW oxide ofj 
(Brown oxide) 


Ditto, Tritoxide of (Tang 
htic Aoulj 


SUM. 


Oxygen 
Silver , 


Oxygen 

ISouiutn 


Oxygon. 
Sodium . 


Oxygen..., 

Strontium 


G. 


Uranium, Protoxide of ... 

Ditto. Dflutnx. of (Fern* )j 

Yttrium, Protoxide ofj 
(Yltna) ! 

Zinc, Protoxidn of , 

* 

Zirconium, Prptoxidg of] 
(Zirconia) 


Oxygen. . 
Sulphur.. 

Oxygen., 
Sulphur. , 

Oxygen.. 
Sulphur . 


Oxygen ... 

Sulphur 
Dry Aejd .. 
Water ,. f . 


Oxygen 

Tellurium. 
Oxygen. . . 
Tin ...... 


Oxygen..; 

Tin 

Oxygen. . . 
Titanium . 

Oxygen... 
1 1 itanium , 

Oxygen . . . 
Tungsten , 


|Y)<vgen 

Turignten .... 

Oxygen 

l : run mm, . 

( »*>K«n 

[Uranium., *,« 


Oxygen . . 
Yttrium . 
Oxygen. . 
Zinc. , 


Oxiodafas (eee lodates') .... 
Oxygen 

t 

Oxyinurwtfs (see Chlorates*) 

Palladium 

Pancreatic mice 

Pec tie Acid 1 

Pipe ritie ij 

Phosgene Ohs (m<*a Cftloru-l 
r arbumc Amd Qav , . . . J 

Phosphate, L 

Alumiua, Phosphate of., 
r 

Ammonia, Phosphatn of. 

Ditto, Diphosphate of .. . 
Baryta, Phosphate of ♦ . . 
Bismuth, ProtOf^bosph. ofj 

Cadmiilm.PxotO'phoBph. ofj 

Cobalt, jproto-pfeoeth, of. 

Copper, Proto-pbosph, of. 

Ditto, Ditto, Ant, 

Iron, Proto* phonpfe* ot 


s. 

L. 


No. of 
Alum*. 


Conuli- 

Wont 


Oxygen.,,.. 
Ziruomum . 


.... . 



A. 


Phosphoric And . 

[Almoin* 

Wator 

Phosphoric A oid. 

Ammonia 

Water., 

Phosphoric Acid, 

Ammonia 

1 ' hosphorw Acid, 

Baryta 

Ffcoaphoric Acid. 
Protox. Bum. . . . 

Water 

Phosphoric Acid. 
Protox. Cadm, 

[Water , * 

Phosphoric Acid, 
.protox. Cobalt , , 

[Water 

[PhOaphoric Acid 
Protox. Copper. 

Water 

P ho sphoric Adid 

Protox. Iron, 
W*tor 


VUiru of 
Weight 


• a if 


81 

110 / 

8 

24 

121 

B4J 

44/ 


IS) 

8} 

20 \ 
161 

8} 

1} 

,2} 

58 1 

is 6 ) 

*5} 


nr 


ti 

24 1 
%1 
8\ 
2oHJ 


Total , 
Wolphtj 

Atoms 


u>Hjd. 


A mein 
in thin 
Tr»a- 
ti<e. 


118 


36 


24 


32 


40 

49 

40 
66 

74 
40 

48 

m 

120 
216 

IS) 1 2;!1 


/*} 


281 

18} 

27* 

281 

i 7 J 

561 
17 * 
284. 
78) 
28 


97 

281 

U\ 


66 




63 

73 

iou u 

13$ 


101 


i 
28) 1 
40 \ 

29 1 

40 f 
M,' 
.80 \ 
*7> 


( 389 ) 

( 390 ) 

(390 

(thi) 
') l 

(837) 

(C63) 

(Do.) 

(801) 


(908) 

(605) 

e 

(600) 


1 ron , Hem idea to-tr rphosph . 
of (Perlriphoeph.) . . 

/V 

Dead, Protofhoqph. of,... 
Lead, Proto - diphosphate ofj 
Lime, Phtwphatpof. ... 


Ditto Snmi-diphosphate of 
(A^aiito)..;., 1 


Magnesia, Phosphate of .. 


Mercury, Proto phoaphate] 


Nickel, Proto-phoophate of] 
Potassa, Phosphate of. . . , 


! Soda, Phohphnte of. ..... . 

; « 

i Ditto, Diphosphate of, . . . 
j S trouti a, Phosphate of. . . 
t Duty, Biplioaphate of. . . . 


(737) 

(744) 

(770) 

(776) 

(499) 

t«7») 

(489) 

(226) 

il2l) 

(U7) 

A 

(9^2) j 
1(105*)] 

(304; 


Zinc, Phosphate of . 


Phutphitcii 
l'bojfphuro*. . 


j V'hntphnrtU. 
' PllAMld 


Phosphurotted Hydrogen 
(^eBdiydroguretofPh.)l 

Picromel ' 

Vicroioxine 

Platinum ...... 

> Polychioite . , . , 

r»t.«Hsu (see Oxide of Pa- 

taenium) 

Potafciuiru .............. 

Prinriiatea (see Hydroey- 
anatertil 

PniHuic Ac|d (see Hydro, 

cyanic A^id) 

Quicksilver (see Mercury)] 

Qnimrie. 

Qnuiic Arid 

j Resins... 

! Hhodium ............ 


' Saclndutet*', 
I Saliva . 




H ydro^en 


80 


71 


68 


91 


[Sthpipia's 

( Selanion 

i S<*l<toiurett#« . . , T 
! (see Hydroseleni c Ac id) , 

j Silica.,..,.,., 

j Silicon..,.,,.,. 

I ^Iver., . 

Soda (see Oxide of Sodium) 

Bolanta Ji. 

Spirit of Wine (see Alcohol)' 

Starch I 

StrontU (see^Oxi^le ofl 
Stoootium)*.. .. 
Strychnia 
8u& 

ifiorifxwtiw 

1 Sugar r .W^t« 

^'Xlutalia.'Sulpha^ of..., 

* 

* 

Ditto, Diettlphate of . . *.v 


A. 


lOttihori 

Hemnlcutox.lronl 

Water 

P ho* phono Acui. 
Protox': Lead. , . 
Pho^phorie Acid . 
Protox. Lead .... 
Pho»phorid:Apld . 
Lime . .y, 

Phosphoric Acid . 

|L»ob --. r 

jrhnsphonn Acid/. 
Magnesia 
Water ... 


6, 


Phosphoric ilkOid . 
Protox. Mew, . . 
phosphoric Acid 
Protox. Nickel t 

Water 

Phosphoric Acid 

PotAWMl 

Water 

Phusphoriu Acid 

Soda 

Water 

Phosphoi in Acid 
Soda 

Water 

Phosphoric Acid . 

Srrontia 

Wafer... 

Phosphoric Acid 

Sfrontin \ 

Water 

Phosphoric. And . 

Protox. Zinc. . 
Water 


Proper, 
lion, of 
Wel«t»t, 


SlhPi\S 


l 

3 

3 

l 

1 

1 

9 

1 

1 

I 

’ l* 
1 
7 

1 

1 

l 

l 

3 

1 
1 
1 
1 

12 

9 

1 

3* 

1 

1 

1 

2 
1 
2 
1 
1 

3. 


[Silicon ;V(* 




H/m 


*>**,■»« #, 




Sulphuric Acid . 


Alumiim 

Wator...v 


, Total 

r.y 

Atom* 


S» l 
120 > 

S I 

l 

112 / 

,12} 
2«l 
28 ) 


281 
42 1 
28 1 
20) 
,631 

,«8i 
208 j 
28 1 

34 

,28 \ 
Q I 


28) 

sw> 

w> 

66i 

3 *} 
31.5 1 


26) 
59 } 

5Gi 
62} 
18 * 
98) 
42} 


fcoWjd, 




173 

140 

259 

56 

7o 

111 

236 
89 
85 
168 
119 5? 
89 
126 
88 

19 

96 


44 


40 


8 

110 


AVtkle j 

JjMN*'!.. 

Trow 


(344) 


(1070 j 
tiou) 

(939 ) 
1(1036 ' 

( 826 ) 

1 614) 


(474, 
(87cn 
( 1005) 
(98?j 
(ioim 
(928) 


>09’ 

(429) 

(272) 

m 

(M) 

(101^) 

1023; 


40) 

fl»I 

?) 


AwjV 

cm»7: 


* * 



CHEMISTRY, 

TABLE XTI. continued. 


Alumina, Tmolpbat# of. . 

Ammonia, Sulphate of...* 

Baryta, Sulphate of 

Biemuth, Trotcwmlph, of. . . • 

Cadmiuib, Proto-*ulph. of. C. 

C . num, Pro to- Ralph. of . . 

Cobalt, Proto-eolph. of.... 

Ditto, proto-bVmlpb. of • . « 

Copper, ProtO'Bilpb. of... 

Glyoyna, Biwlpb. of .... . 

Iron, PmtO'iulph. of. .... . 


Ditto. Hwnidattto-nemi'bl- 
■ulph.of (Pereeuquukulph-J 


Lead, Protoiulph of 4* Sulphuric A. Id 

PTotu* Lead . , 

Lime. Sulph. of (Selenite). . . 8ui_pliu» ‘c And 

Ditto Ditto...* A. Sulphuric Acid 

Li rue ....... 

Lithia, Snlph. of ........ . . . Sulphuiw A< id 




Magnesia,Sulph of(Epeom 


MottffanMf, rroto-ioJpk Of C. Sulphim. And, 
Proton. Mangau 

Mercury, Proto-eulph. of. , ». * 

Ditto, Deuto enlph. of. ... . A. 

Nickel, Proto-Bulph of «• 

Tlatinum, Dcato-eUlph.of. A* 

Potuwm, Sutpliateof.,...* C AA 

Ditto, BienJ photo of, CAH, Suiphunc Acid 

J PBttwrttli..,,. i 

Silver, Proto^nlphate of * , CM A. 

Stmniio» Sulphate of .... C.&A. Sulphuric And 
Ur«atumJ>HuUMwau>biml» _ . 


Yttria, Sulphate of . ,, , <j O.&H. I Sulpha no And 

Ziw. Proto- sulphate of „ , 04*H.1 Sulphuric AciS 
I Protox„ ’Amo 


Baryupi, Suiphuret of ... . 

Bismuth, Suiphuret of ... 

Cadmium, Suiphuret of. .. 

Calcium, Sttlphuiw* of. . . . 

Qm&am t Sttlphordl of * 

Chromium, S^Jphuret of. . 

Cobalt, Suiphuret of 

Columbian!, Suiphuret of. 

Copper, Disulphuret of... 

Ditto, Suiphuret of 

Ditto, Bbulphurot of., . . . 

Gold, Tersulphuret of ... . 

Djfltt, Salphurettrf. ....... 

Ditto, Seim-Meuiphuret of 
^eequiRulphurrt) 

Ditto, Bisolphurct of .... 

Lead, Ityimlphuret of...,. 

Ditto, Sulphurdt of 

Ditto, Bliulphuret 

Lithium, Suiphuret of ... . 

Magnesium, Suiphuret of . 

Manganese, Suiphuret of . 

Memory Sulphuiet of ... 

Ditto, Bisulphuret of.,,,. 

Nickel. Suiphuret of 

Palladium, Suiphuret of.. 

Platinum, Suiphuret of. . . 

Ditto, Bisulphuret of 

Potassium, Suiphuret of. . 

Ditto, Bisulphuret of,.... 

Dittos Tewulphuyet of.**. 

Ditto, Quatersulphuret of. 

Ditto, ityu nt0M, ^P b ' llwt 0 f‘ 

Bhodium, Suiphuret of ... 

SWrer* Sulphuwrt of..,,.. 

Sodium, Suiphuret of 

Strontium, Suiphuret of .. 

Tiu, Sulphupet of, 

Dittos Setm-btunlphuret of 
j(Ses^uibii)phoret) 

Ditto, Bisnlphuret of .... 

Titanium, Suiphuret of*, , 

Drafcktm, Sulphwet of 

I Zinc, Suiphuret of V 

$ftlhhWetted hydrogen 
(Hv4tu»ulpbiiric Acid) 

Synovia 

Tuatiui 

Tartrate* i 

Tel Jo re to 

Teltu retted Hydrogen J 

(HydrotSllunc Aw4> ] 



Bismuth 
Sulphur.. 
Cadmium 
Sulphur . 
Calcium . 


Sulphur ..... 
Chromium ... 

Sulphur 

Cohalr 

Sulphu 

Columhium 

Sulphur 

Copper ..... 
Sulphur . ... 

Copper 

Sulphur 

Copper . . , , . 
Sulphur... . . 

Gold 

Sulphur 

Iron.., 


Sulphur 

Inn, 

Sulphur 

Iron. 

Sulphur 

I mil 

Sulphur 

Lead 

Sulphui 

Lead 

Sulpha i 

Lithium 

Snl[hur * 

Mitgurtmtm ..... 
Sulphur,.*...*. . 
MnuKtuinctf.,,^., 
Sulphur ........ 

Mercury 

hulphm 

Menury 


N’likel...,, 
.. Sulphur... . 

Palladium , 
. . Sulpbui . . , 
Plktinum . 
.. Sulphur .. 

PI j i mum . 
.. Sulphur... 

Pur<uwium 
.. Sulphur.. - 
Poru-aaa 
*,> Sulphur... 

' Pniiw.iuin 


PotatMiimn ...... 

Sulphur, 

PoU«ifO(n 

Sulphur 

Potdfhium 

Sulphur. ...... . 

Khodmoi 

Sulphur...,...., 
Sih«r ....a....? 


KmIIuiii . . , 

SulphttT 

Stiontium 
Sulphur.. . 

Tin 


,, Sulphur. .. 
Tin ...... 

.. Skipbur*.. 

Tin 

, Sulphur.., 
Titanium . 
,, Sulphur.., 
Uranium. 
.. I Sulphur . 
IZino,*,** 


7fli ** 

« 

w) ts , 
{ go) 38 

!• SI 
i iSI « 

i sbi •« 

1 )«} M* 

i «} * 

1 iS) « 

! S> «**; 
f A »« I 
} M « 

"1* £!} 58 
? S) • 

1 goal 848 

{ 10,1 180 
s an i 

I 104/ ,36 

} -i 

i rii » 

{ ss> « 

{ aw) 818 ! 

? ,A « 

1 16 1 4ii 
l aei u 

1 £) ' 8 

i 5 ) 118 

? *} 188 

1 • iS) 88 

; fa « 

? gi 

t g) 

J Si > 8 ® 

i «i 

i ,{ B »} « 

l-SS) 88 

1 1?) " 

i w) 

!* Ul 88 

$ 381 po 

1 S) • 

I ^1 r 
r is) w 







































C HE MISTS V, 

TABLE XII. continued. 



Note. From the use of descriptive names in this Table, it must not be infer rod that those are designed In ail casus to supersede those olioady in 
use i thus, for instance, among the Oxides. Femptoxide of Nitrogen is placed m the first column to pr< servo the harmony of the system of nomen* 
cluture,Vnl to inculcate a descriptive Appellation , but the synon>me, Nitric Acid, is well established, and wdtl doubtless continue in use. 

In Art. (878.) an inaccuracy exists, the origin of which wo caunot comprehend. The union oi Selenium with Mercury should have been noticed 
under Ait (827.) ; whilst under (878.) I. it should have been stated that Mercury has generally a strong tendency to miite with other Metals j and 
that it refuses to do so in very few, and even these uncertain, cases. 

In Art. (111.) the reader is requested to erase a paragraph of four lines, beginning u The definite,” Ac at the ninth tine from the end, As it has 
been found necessary to abandon that plan, and to confine the prefixes Prot*, Dent-, Ac. to the oxides only 











tueraiogf 


Introductory Observations, 


*■ * - 
% , 

point to produce the same effect ; and others will tint Mineralogy 
:2\ scratched by either. Some may be cut with a knife 


(},) Mtn era loot /Is defined by Kirwan to be into thin qUces, while an attempt to cut others will pro 

l/vrF wiwripr op fruArmuntc mJ m ■ tf tdjill 


Art of ' distinguishing Mineral substances from eaci 
other, f 

All bodies found in or upon the earth, not being vege- 
table or animal, are termed Minerals. 

(2 ) It has been Mated in the Introduction to Crystal- 
lography, that we are indebted to Hally fpr the first 
satisfactory explanation pft the mutual relatione of crys- 
talline forms; and it is 'ilso due to his memory to add, 
that bis views of Mineralogy *were more precise and phi- 
losophical th air those of any author by whom life had 
been p^ceded. In recommending this pursuit to thb 
favourable notice of others, he observes, that jf the 
tives by which we are led tp the cultivation of ahy bi 
of Natural Science, wjke founded solely upon f 

^ rt». . I. 4.'’ 1 • .»•_ . f* 4 1 


duce^bnly powder or fragments, and mifby will entirely 
resist the action of the knife. Some may be haimner«|| V 
into thin plates, while others will only l>e brjiised ^ 
powder, or broken into angular fragments with ? plani or 
curved surfaces. V 

(4.) If the different specimens were to be analysed 
by the Chemist, nriapy qf them would agree, and many 
differ in tfieir com post apparently denoting identity 
or difference of kind among the Minerals examined ; and 
it might be* expected that such Minerals would also be 
distinguished by corresponding resemblances or disagree- 
ments in their external and other ch§racters. But it 
^ul^d^btkmaionally be perceived that specimens which 


„ i , .. . . - -r { ^tf*We<fnn their chemical composition/ exhibited diftfer- 

sure afforded by a casual inspect u>n of the proaUctioiiW ^^^, sortie of their external characters; and that 
to which it relates, Zoology and Botany would claim oujv/fc others which agreed in their external characters, differed 
first regard ; v b,uL that it we overcome this first unfavour- 
able impression, and look,* little more clpseljf to only a 
few individuals belonging to the Mineral kingdom, we 
shall, he says, find them posses^ of a regularity of 
structure, an almost infinite variet^ of distinct, yet re- 
lated torins, and many other properties, not only capable 
of affording a jfiigh degree of piteresi, but offering in- 
ducements to the collector of Minerals to enter upon a 
wider range of philosophical inquiry. 

The necessity bf exact Mineralogical knowledge to the 
Geologist has been very justly and forcibly expressed by 
Mr. Aikin iu the introduction to his Manual of Muwra- 
logy , published in 1815. Bessys : “ Thjj absolute neces- 
sity of extreme accuracy in discriminating one species of 
Mineral from another is too obvious to require any further 
remark,, if examples were not perpetually presenting 
themselves of persons yery sleitderly provided with these 
rudiments of lh<p Science, who yet undertake geological 
investigations, arm with a peremptoriness, $fenerally in 
proportion to their iguoilhijcdf challenge the credit of 
new 


in thfeir chemical composition. There would, however, 
generally be found among the external or physical cha- 
racters some which so constantly accompuny particular 
chemical kinds, as to warrant the conclusion that such • 
characters are essential to such kinds ; but it must be ad- 
mitted that, until the relations between the chemical and 
other properties shall be more coirectly ascertained, the 
separation of all tbfi^known Minerals into kinds or 
species, must, in many i 


discoveries, oJQiftll in question the observations of physical properties, which are 
their .predecessors, “It is, indeed, Vffry, true t^t geo- * would require them to l>ecops 
logical speenlutionMfe as fascinating the s^ude^as * ’ 

the discrimination of secies is generally reftojsive ; yet 
it ought to be bopie inini^td that as all soundjlcholar- 
fthip is founded upon Grammar, alrsound ©eulogy 
depends primarily oq a fijiinfliar acquaintance yvit| the 
distinctive pharj^er» o£ simple Miiierals,^ \ 

- ' : k -f ,'T' '■ ,rV' 


instances, be regarded as pro- 
visional only, and subject to alterations as their pro 
parties become better understood. 

It appears from chemical analysis that carbonate 
of lime which occurs generally in rhomllbids, as hi * 
the common calcareous spar, occurs also iu rhombic 
prisms , us iu arragonite ; and hence it follows that the 
same ifleinents are subject to different modes of crystal- 
line arrangement. Itjs apparent that carbonate of lime 
and arragonite might, fronLihe similarity of their com- 
position, bC regarded as belonging to the same natural 
species ; while the differences in their form and m their 

also natural characters, 
considered as distinct natural 
species ; but as the practical purppse for which Minerals 
are divided into species, that of affording^he means of 
distinguishing them from each other, i^more completely 
answered by regarding them as different species, they 
hftfe been so considered by previous writers on Mine* 
yalogy. This property of crystallizing under two distinct . 
forms lias been termed dimorphism ; and * n orf h‘ r [ l* 
preserve a (Bbskstent Mineralogical rule, all dimorphous 
stfeelances ought to form two species; and even sul- 
phur, although a simple chemical body, as it crystallizes 
under two separate forms, ought not, perhaps, to become 
an exception to the rule. Hence it is obvious that there 
might be two distinct natural systems of classification ot 


• f Of JkinerAt Species, 

• ,■ r 

(3.) If we examine dpedmeu|bf fib various Kinds of 
Minerals f they jrill be found to differ considerably in 
form and colour : som$,wiIl be opaque^others more on 

less transparent ; and among those which arc trftpspa- ^ . 

rent, some may bo observed to produce*a doubl#image Minerals, distinguished as the Chemical and Minerals 
of the bisects seen through 'thfeo,. If tlur specimens are gicaf ; and j$s & 1 the discrepancies between Chemical ami 
taken in the hand, sofpe will he fifetid inucti heavier than MineralogidtJ species were analogous to those ot car* 
otners of the same apparent size. If an attempt be bonate of lirneand arragqnite, there would be little difli- 
niade to scratch th*ij*» will be cuity in classing and arranging the whole according ‘ to 

iwadity marked by tm> pin,' ^ ®ilb#r bf these method^ But there are other anoifialleef, 

' voL.vi. ' ,l . '4d3' 1 '* / 'v, . 



466 


M I N E R A L 0 G Y. 


Jltowalogy iiji tW ^tionsofthe composition and form of Minerals, 
'***vm*+ out of what has been termed the isomorphism of 

fllSr molecules, which tend »till further to embarrass the 
distinction of species among several tfelh known sub- 
Stances. On this subject, however, we must refer our 
readers to some papers in the Xth volume of the Phil, 
Mag. «nd Annals of Philosophy , and to' the Reports of 
the British Association for the Advancement of Science, 

(6 ) In addition to the uncertainties already noticed in 
* the determination of Mineral species, some further, diffi- 
culty may occasionally be experienced from the changes 
f which j»re found to have taken place in the substance 
of Minerals, without any alteration of external form or 
cleavage. A Mineral "so aUerectJias been termed epigene 
by Hafiy ; and examples of stich changes may be ob- 
served in iron pyrites, where the sulphur has left the 
iron* and oxygen has taken -its pfticc ; and in carbon- 
ate of iron, where the carbonic acid has quitted the 
Mineral. $nd left it in the state of an oxide., In both these 
instances the crystalline forms of the pyrites ami carbon- 
« ate of iron are retained. 

(7.) The substance of one Mineral is also occasionally 
found to have been destroyed or removed, anr^to have 
* been replaced that of unother, which yet retains tile 
form of the original substance, a change to which the 
term pseudomorphism has been applied. It is not tin- 
frequent among Minerals, but its causes are involved 
in great obscurity. 

• (8.) It has also been supposed that Minerals may 

pass from one species into another. As where two dis- 
tinct species are so mixed, that neither should appear to 
predominate or envelope the particles of the other, and to 
assume its proper form and other characters. But the 
only difficlilty that could present itself in this case would 
arise, not from the compound exhibiting a false character, 
but from its being destitute of any precise specific cha- 
racter. i 

Of Classification. 

(9.) Let us suppose that the physical and chemical 
characters of all the varieties of known Minerals have 
been ascertained and accurately recorded. The next 
proceeding of the owner of%uch a collection would pro- 
bably be an attempt to arrange theftf* descriptions, so ns 
to exhibit the natural relations of the different kinds to 
each other. In attempting to effect, which object, he 
would immediately pefeeive that there might be as 
many differed systems of yiatvral classification as there 
are distinct natural characters among Minerals. And 
hence his first difficulty would be the selection of the 
particular characters which might afford the best founda- 

* tion of his natural arrangement ; hut for reasons Whicfc 
* we have not space here to discuss, he would probably 

rfHopt the ctfemical composition as his basing 

(10.) Let us now imagine the supposed collection^ 
have been destroyt^and the possessor of it to be deStr- , 
otts of again forming a similar one, with no other assist- 
ance than the descriptions that have been preserved of 

# the loot specimens. 

A* these recorded descriptions are supposed to have 
been either tinted down promiscuously, or to have 
bejen aft ''mmmm ^sfoged according to composition, It 
Is eBrtWBctljr' they ittey have been 

reorder assignee In .identifying 

, # »ew speefmehtt i immit that would be 

required for specimen 


with each individual description of those which had been M 
destroyed, would render the attempt Impracticable. " Lim V 1 ^’ 
In order, therefore, to facilitate the recognition of spe- 
cies from recorded descriptions* and thus to practise the 
Art of Mineralogy , it would be found necessary to 
classify and arrange the several characters with a view 
to this particular object, and thus to produce what may 
be termed an artificial arrangement 
^ Mineralogy may therefore be regarded both as a Sci- 
ence and an Art Ab a Science in reference tothe know- 
ledge requisite Jfor supplying accurate descriptions pf 
Minerals, and forming what may be termed a natural 
classification ; and an A/t in reference fo the arrange* t . * 
rnent of the descriptive characters for the purpose of after- 
wards distinguishing Itfinerals from each other* 

(11.) Before we proceed* Jto. explain the methods 
which been adapted to^fhesc purposes, we shall 
follow Berzelius in a hafty review of the History of 
M inetalogy, and the methods of classification adopted by 
preceding authors. 

JLiyle i^tbbe discovered in the writings pf the Ancients 
'rififiy# ft> Mineralogy in the modern sense of that term. 

Ob ^d| contrary, the earliest fttfitnrieB and descriptions 
of Minerals are interspersed with ‘fit bilious accounts, such 
as Pliny has recorded of the diamond ; which he says is 
m hard that no blow of the hammer will break it, but 
that when struck upon an auvil, it will rather split both 
the anvil and the hammer than suffer itself to be broken, 
unless it be previously steeped in the blood of a goat re- 
cently killed. ' < 

The first attempts at a methodical arrangement of 
Minerals, and the first use of fne terih Mineral King- 
dom must be Teterred tothe XVI I tli CVnipry, within 
which period many different systems, or Mineral ogical 
methods, have been published. Some founded on exter- 
nal and physical characters only; others uniting the 
chemical character to these ; ana some Inter ones being 
strictly cherrdcal, * 

Wallerius, one of the foost distinguished of the early 
writers, arranged his species of Minerals by some of their # 

external and physical characters; such as texture,/raeture, 
figure of the fragments, colour, transparence, hardness, 
as evinced by giving sparks with steel, effervescence with , * 
acids, Ac. The systems of Brunner and of Cronsiedt * 
were also founded on external characters, and consisted 
of four principal subdivisions : * v * 

Earths, f Bitumens, , 

Salts, Metals. 

And each of these classes w sdbdtfided into the fol- ■ 
lowing orders, dependent on texture qr structure. 

1. Earthy, 5>, ^Fibrous, « 

2. Scaly, * fi. Oranularfoliated, 

• $ 9* Foliated, 7« *Comnact 

! 4. Radiated, '■ 

The salts being further determined by tfceirflavour { ns 
•* Astringent, V Sweet, 

f f Acid, :J' ^ " V "Salt, &c. 

These Systems, it may be observed, were founded at * 
a period when Chemistry had made comparatively little 
progress; but as that Science improved* we find it re- 
sorted to by Mineralogists for supplying other distin- 
guishing chfiujactem. f . 1 * • 

The systems qf Werner add of Hauwroiann ward* 
founded upon thp chemical and external character* cotv 
jointly* and that of Werner wasfor aeon sideraUe period 
almost ^^^^ adopted by ■*. 

not, however, ftie 



Mi***)**? coming on\y through the hands of his pupils, may pos- 
t ***/ ^' sibly not hive always represented his views with accu- 
racy. . 

The following is an outline of his method of classic 
fication: * 

Class 1. Earthy Minerals. 

Class 2. Saline Minerals. 

Class 3. Inflammables. 

Class 4. Metals. , I 4 ' 

In this system the advantages which might result to 
the Science from any single natural method, are una- 
vailable to the studeut. For the chemical arrangement 
is continually Violated to preserve an apparent consist- 
ency in that founded on external characters, which/in 
its turn, is not unfre^uently disturbed by the regard 
paid to chemical constitution. And hence its followers 
have seldom agreed concerning the proper i^jjace which 
new Minerals ought to occupy in that system. The 
system of Haussknami was also founded upon a chemical 
basis, but more perfect than that of Werner, and was 
also combined with the consideration of external cha- 
racters. And hence the disadvantage of utten^ptin^Co 
combine conflicting and incompatible systeifns, Jtes as 
apparent in this as it had been in the system of Werner. 

The principal systems founded on a mote strictly 
chemical basis were first those of Karsten and of H&iiy, 
and, at a later period, of Brongniart, Cleveland, and 
Phillips ; that of Karsten may be said to present the 
dawn of an attempt at accurate natural classification, 
which has been greatly improved in the hands of Hatty, 
and has derived still greater advantages from the labours 
of Berzelius. We shall, therefore, enter no further into 
the system of Karsten thau to say, Chat its leading 
divisions are into 

1. Earths, 2. Salts, 

containing all the soluble varieties arranged according 
to their acids, , * 

3. Combustibles, 4. Metals. 

(12.) The system of Hatty was first published in 
1601, and a second edition in 1822. 

His definition of a Mineral species is, that all the in- 
dividuals belonging to^it shall be similar in their com- 
position , and thut their crystalline forms shall also be 
« * similar . It is obvious from whul has preceded that this 
definition cannot be universally applied. If, he says, we 
collect crystals^of quart® from different parts of the World, 
we shall observe sifch a general •resemblance among 
them* as would lead to a conclusion of their being 
. similar Minerals.* If/ we examine them chemically, we 
are supported in this cdticlusion ; and if we measure 
their angles, we shall find such an agreement among 
the corresponding* ones of different crystals as to leuve 
no doubt that they all belong to one species. Le^ us 
now, he (fays, fake a rolled pebble whose lustre, 
when brokeo. f reseinbles,the fractured parts of crystals 
of quartz. We analyze the substance, and find it nearly 
pureailex; we plac4 it in a position in which we may , 
observe the light reflected from its fractured surface, and 
we perceive that from some parts of that surface not 
only the rays of light* but the images of objects, are 
distinctly reflected ; we consider those parts as portions 
of cleavage planes, we detach and measure some frag- 
* meats, and we djscover angles coj^respondidg with some 
of those presented by the regular crystals o f quart* ; we 
tb«ttMhve taoMst bur speciftatLUndexr the species quartz. 

• We proceed with another specimen of what ia termed 
white cornelian, whose structune i* fibrous, whose fag* 


ments afford but dull reflections of light, and 1 not any 'M 
images of surrounding objects. This differs so much in 
character from the preceding epecispen&t that at ffrst 
view we should exclude it from the species. But on 
analysis, we find that its composition is very ndirly 
similar to that of rock crystals ; and as an analogy has 
been observed to subsist between the Crystallized and 
fibrous structure of other Minerals, we place <nSt white 
cornelian as a variety of the species quart*. 

The following is an outline of Oje classification 
adopted by Hatty : m 

Class 1. Free acids. 

Class 2. Metals appearing under another character. 

(Heteropsides.) JThese are the earthy Minerals. 

Appendix to class 2.™ The characteristic principle de- 
pending upon the silex not yet determined, and being 
free or combined. 

Class 3. Metals appearing as such. (Autopsideli.) 

Order I. Not immediately oxidable, unless at a 
very high temperature, and immediately redu- 
cible. 

, Order 2. Oxidable, and reducible immediately. 

Order 3. Oxidable. but not immediately reducible. 

* a. Sensibly ductile. , * { 

! ♦ b . Not ductile. 

Class 4. Combustibles, not metallic. 

An appendix to this class, consisting of substances 
of vegetable origin. 

Appendix to the four preceding Classes. , 

22 substances. 

This classification appears equally objectionuble with 
those preceding it. exhibiting as it does a mixture of 
chemical and physical characters in the same system. 

We pass over the sysleim orBronguiart, Cleveland, 
Phillips, Breithaupt, Beudant, ami other authors who 
have intervened between the first publication of Hatty's 
method and the present time, not as unworthy of move 
particular notice, but because they may be l^garded 
varieties of the chemical method, modified in a greater 
or less degree by the introduction of some other prin- 
ciple. 

We are indebted to Berzelius for the first attempt It 
a strictly chcmicul classification of Minerals. According 
to this author’s system, atf J chemical compounds are 
supposed to consist of electro-positive and electro-nega- 
tive particles, attracted and held together by a force 
analogous to that by which bodies in different states of 
electricity are influenced. When Mfttcrals are analyzed, 
therefore, and their simple constituent paste ascertained, 
we ore, according to this theory, to regard those of the 
electro-positive and electro -negative elements which 
prtfgent themselves in such definite proportions as are 
consistent with the atomic theory , to be essential elemen- 
tary parts of the Mineral examined ; and upon this 
principle u-general determination of Miiteral species 
has been attempted, and a systematic classification 
founded. 

But this author has candidly acknowledged the diffi- 
culties which, in the present mate of Chemical Science, 
attend the inquiry into what are reallyihe essential con- 
stituents of Minerals* The first . is that of ascertaining 
correctly, by mlaps of analysis, the nature of all the di£ 
ferent kinds of particles which enter into the composition 
of a compound Mineral, and the still greater difficulty of 
determining the exact proportions or each kind. This, 
however, may possibly he overcome by further improve*, 
monte hi practical Chemistry, But the secbhd> auda» 

3 o 2 



MINERALOGY. 


46 $ 

Stmmtofrt' ^ appears to us the insurmountable impediment to the 
establishment of an accurate chemical determination of 
Mineral species, arises from the extraneous matter which 
is go frequently, we might almost say universally, found 
atieorfipanying the essential constituents of the Mineral. 

The substance known by the name of Founlainbleau 
sandstone affords a striking instance of this Iqnd of com- 
position!' This Mineral may be regarded either as gra- 
nular quartz cemented by carbonate of lime, or as car* 

< bonate of lime epveloping grains of quartz, yet no one 
ha$ ever regarded this mixture as constituting a new 
chemical species. Instances also occur in which only 
part of a 1 specimen is coloured by foreign matter, which, 
if it had pervaded the whole specimen, the Chemist 
would be deceived by analysis, and would erect an acci- 
dental variety of some known Mineral into a new species. 

On looking over the number of species which Berze- 
lius hits formed out of the garnet tribes, it is much to 
be suspected that accidental mixtures have been reckoned 
among th^ essential constituents of several of the varie- 
ties examined ; a suspicion which may be reasonably 
entertained from the manner in which the chemical for- 
mula; of Minerals is made up. For we can scarcely 
imagine a compound, however heterogeneous, whose 
constituent particles may not be so parcelled out as to 
appear nearly definitely proportional to each other. It 
is, however, very possible that some of the Minerals 
hitherto called garnets, on account of their crystalline 
4 form, may really be different substances. But the num- 
ber of Mineral species which may fairly he regarded as 
doubtful on account of some supposed heterogeneous 
mixture of elements will probably be continually reduced 
by new and more correct analyses; with a due regard to 
the matrix* to the accompanying substances, and to the 
purity of the specimens analyzed, as far as that can be 
judged of from their transparency and other characters. 

The order established by the electro-chemical relation 
^ of bodies is, supposed to be generally preserved in all 
their combinations. Thus if A be electro-negative in re- 
spect of B and of C, B will generally be electro-negative 
in relation to C ; but this appears not to be universally 
and sometimes one electro- negative body is found 
combined with two or more bases, and sometimes two 
acids are combined with a single base. 

If, says Berzelius, with these theoretic notions in our 
mind we look through the productions of the Mine™ I 
kingdom, the apparently confused combinations which 
Minerals present wifi be immediately pervaded by re- 
gularity and under. We perceive an extensive class of 
Minerals into which silex enters as a constituent, assum- 
ing the character of salts, either simple, double, triple, or 
quadruple, and with various excesses of the acid or the 
base. *ln the same manner we perceive the oxide? of, 
titanium, of tellurium, and of other metals, performing 
th# functions Of acids, and thus reducing the whole series 
of Minerals to one uniform system of classification ; and 
the doctrine of definite proportions introduced within a 
few yeah into Chemistry, might, if we could fully avail 
ourselves of its aid, l>e said to confer on this system of 
Miueralogicol classification a degree of almost mathe- 
matical precision. But, as we have alreudy stated, in 
consequence of the difficulty of ascertaining the propor- 
' lions of the actual ingredients of 1 Minerals, and the still 
greater difficulty of distinguishing tbose*which are essen- 
tial to the species analyzed, we are hot yet enabled to 
confer on a chemical plassifiegtion all the advantages 
offered by the improved doctrjimes of Chemistry. 


In the large class of Minerals containing silex, and Mia&d'jfafy 
which are the only ones that ore likely to occasion much ^“■v***' 
difficulty, we are persuaded that there are not at present 
sufficient data to determine their chemical species with a<s 
curacy. And in this opinion we have the concurrence of 
tlie author himself ; for he allows in his Nouveau Systime 
Mmeralogique , at p. 22, that although the number of 
analyses already made by Klaproth, and others since hia 
time, supply a large store of materials for the determi- 
nation of species, yet the entire accomplishment of this 
object must be the result of future labours, directed sedu; 
lously and entirely to the accuracy of analysis. And in p. 

92 of the same Work he says, “I cauftot be certain 
tlmt the analysis of the triple or quadruple silicates, or 
consequently the formula; deduced from these. Are cor- 
rect. I give them only as examples of the probable cowi- 
position ^ these Minerals. The art of analysis not 
being yet advanced to that 4% degree of perfection, which 
will command our reliance on its results when the in- 
gredients of the substance analyzed are numerous*' 9 It 
is on these grounds that wc have omitted the Mineralo- 
gtaal formula* of Berzelius in this Treatise* 

We Jiave, however, adopted provisionally his chemical 
classification, as it appears in the Annals of Philosophy , 
jVetr Series, vol. xi. p. 4*22, being, we believe, the best 
natural arrangement yet proposed. To the list there 
given, the later examined Minerals have been added. 

In this arrangement we have numliered the species, 
and in the alphabetical list we have given references to 
these numbers, by which the chemical order of the differ- 
ent species in that list may be readily ascertained. 

We have also tor the more convenient reference to 
cabinets which may be arranged according to this system, 
retained the ddleient substances in the order there 
adopted by Berzelius, although in his . recent Work on 
Chemistry that order has been a Utile varied. 

iWJ - 

Chemical Classification of Minerals . 


Iron , native, meteoric. Aerolite , i. 

terrestrial, 1. from France, *2. 

... 2. Ityim North America, Con- 

necticut, 3. 

... 3. Pennsylvania, 4. 

volcanic, 5. « 

native steel? terrestrial, 6. • 
volcanic, 7. v 

Copper , native, 8. 

Ihsmuth , native. 9. • 

Lead , native, 10. 

Silver , native, 11. V 

Mercury , native, J2. 

Hydrarguret of silver. Amalgam, 13. 

Palladium, native, 14. % * 

Platina, native, 15. # $ 

Osmium . 

Osmiuret of iridium , IB, 

Gold , native, 17. ’ ' 

Aururet of silver. Electrum, IB 
Tellurium , native, 19. 

Telluret of bismuth* 20. 

... . and silver, 21. 

. . . 4 lead and silver* • Foliated? 

... .* and gold. Yellow, 28. * 

... silver aud gold. Graphic , 84. 
SnUmmip, uaiive, 85, 

Stibium of silver. , • , 
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MmcnOogy Arsenic, native, 27, 

Arseniuret of nickel. Copper-nickt 28. 

.. . cobalt. coin//, 29. 

hardy 20. 

radiated , 31. 
rhombic , 32. 

v •. . .. . bismuth, iron. &c. cobaRo- bis- 

mut hie arsenic, 33. 

... bifimulh, 34. 

... copper, 35. 

... silver. Arsenical direr? 36. 

• ... cantirpony from Allemoni ? 37. 

. . . % ... . . Przbram, 38. 

*** ... manganese, 39. 

Carbon , native. Diamond, 40. 

Anthracite , 4 1 . 

Carburet of iron. Graphite , 42. 

Siderographite 9 43i 
Azote, native, gaseous, 44. • 

Selenium , native, 45. 

Seleniuret of bismuth mid tellurium, 46. 

. . . lead, 47. 

... ... and cobalt, 48. 

... coppej, 49. J 

cupriferous sehniuret 
of lead , 50. 

... .. .. mercury, 51. 

... . . copper and silver, 52. 

.. . copper, 53. 

... ... and silver. Eukainte , 54. 

zinc, with sulphur and mercury. 
Riolite , 55. 

... ... Caleb rite, 56. 

Iodine. Iodide of silver, 57 

Chlorine , 58. 

Chloride of sodium, 59. 

... ammonium, 60. 

* catifei, 61. 

.. . mnffuesmm, 62. 

lead, 63. 

ch loro-oxide. Berzehte, 64. 
chloro-carbonato, 65. 
copper! 66. 
silver, 67. 

... mercury, 68. 

Sulphur , native, 69. 

Sulphufet ofinangnntsc. 7‘J. 

• ... zinc. Blende, 71. 

* ... m iron. Pyrites, yellow , 72. 

.. . white , 73. 

• ... Viagra tic, 74. * 

• ... cobalt, 75. 

nickel. Capillary nickel , 76. 

. • coppffr. Vitreous copper, 77. • < 

.. . copper and iron. Grey , 78. 

• # * Tennant ilc , 79. 

, ■? Purple , SO. 

• • Yellow , 81. 

Kupfmndig, 82. 

> lead. Galena , 83. 

. bismuth, 84. 

. ... and copper, 86. 

► .. . # copper, and lead. Needle, ore, 86- 

- tin and copper. Tin pyrites 87. 

» silver* 8& 

. . . # and copper, 89. * 

» ‘ copper lead, and biarnu^ W, 


Sulphuret of silver and iron ? Sternbergifa 91. 
mercury. Cinnabpr, 92. 
antimony. fiVey ahtimony, 93, ’ 

antimony ? 94. 

. . . nickel and arsenic* 95. f 
. . . and nickel. HartmannMe , ,96. 
. . . lead and copper. Uowmortft*, 

and copper, 98. 
and lead. Zinkenite t 99. 
lead and silver, 100, 

. . and iron. J amesonite , 161. 
and iron, 
and silver, 
and silver. 




Berthicrite ^ 102. 


Romelite, 103. 
Red silver^ 104. 
Miargyrite , 1 05. 
Polybasitr , 106* 


Oxide of calcium. 

.. . manganese, 


molybdenum, 107. 
arsenic, red Realgar, 108. 

yellow. Orpiment, IJ9. 
selenium, 110. 

Sulpho-arseniuret of iron. Mispickel , 111. 

Huttenbergife , 112. 
cobalt. Grey cobalt , crystallized, 113. 
s ..... amorphous, 1 14 

* . . . nickel, grey nickel, 115. 

Cry gen, native, gaseous, N6. 

a. Electro-positive oxides . 

Native lime, 117. 

Manganite, 1 IS. • 

Varvicitr , 119. 

Pyrolusitty 120. 

Psilomelane , 121. 

Hausmannite , 122. 

BrauniU, 123. * 

zinc, red, 121. 
iron. Oligiste , 125. 

Magnetic, 126. 

.. . zinc, and manganese. Frcmklinite y IS?***** 

. . . and manganese. Umber , 128. 
cobalt and manganese. Earthy cobalt , 129. 
nickel, 130. ^ 

copper. Tied copper, 131. 

. . . iron, and manganese. Black copper, 132. 

. . . and manganese. Cupreous manganese , 

133. 

lead, yellow. Massicot , 134. 

. . . red. Minium ^ 13*. 

.. . and iron. Beudantite , 136. 
bismuth. Bismuth ochre , 1ST. 
uranium. Pitchblende, 138. 
tin. Tinstone, 139. 

b. Electro-negative oxides . 

Boater, 140. 

Hydrate of magnesia, 141, 

, manganese, 142. 

... iron, 143. 

. . . uranium, 144. • • 

Alumina , native, Corundumy 145. * 

Rotten stone, 146. 9 

Aluminate of magnesia. Spinelle, 147. 

magnesia and iron. Pfeonaste , 148. 
iron ? Skorian, 149. 
zinc*. Auiomolite, 150. 
lead. Plomi-gomme , 151. 
water, Gibbsite, 152. 

andiron. Diaspore, 153. , 
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Mineralogy Silica, quartz, 154. Varieties. 

Hydrous quartz. Opal, &c. 155. 

Hydrosalkite, 156. 

* Konilite , 157. 

• Tripoli, 15B. 

* Gey write, 159. 

a. Silicates with a single base. 

Silicat? oflime. From JEdclfon, 160. * 

Wollasto n it e, 161. 
Okenile, 162 

* ... magnesia. Serpentine, 163. 

« Steatite, 164. 

f ( Ecumc de met , 1 65. 

Pyrallolite, 1 66. 
Marmolitc , 167. 

zinc. Electric calamine, 108. 
... manganese, 169. 

• cerium, red. Cerite, 170. 

yellow, 171. 

. . . # iron. Hisingerite, 172. 

Chlorophceite , 173. 

• Chloropaly 174. 

Side.rosch isolite , 175. 
Thraulite , 176. 

Non tr onite, i 77. 

... copper. Dioptase, 178. 

Chrysocolla, 179 
zircon ia. Zircon, 180. 
alumina. Kyanile, 181. 

4 Sillimanite, 1S2. 

Bucholzitc , 183, 
Fibrolite , 184. 
Andalimte, 185. 
Chiastolile, 186. 
Hydrous Silicates of alumina. 

Pholerite , 187. 

Allophane, 188. 

Lenzinite, 189. 

* Malloy site, 190. 

Sever tie, 191. 

Fuller's earth, 192. 

^ Cimolite , 193. 

Agalmatolite , 194. 

Lithomarge , 195. 

196. 

Mountain soap, 197. 

Lemnian earth , 19H 
Kollyrite * 19Q. 

Scar hr bite, 200. 

Kaolin, 201. 

C7ay, 202. 

Ampelite , 203. 

4. Silicates with several bases , 

.1. An alkali, alumina, water. 

# Apophytiite , 204. 

Chabasie, with base of soda, 205. * 

/wie. Lnyne , 206. 

Mesotype, 207. 4 
Mesolite , 208. 

, Mesole , 209. 

Analcimc, 210. 

6rme&m4?/211. * 

Thotmoniie, £12. 

Stilbite f 213. . 

Epistilbite, 214 

Heulandite, 215 ; 

Jirewterite, 216 . 


Laumonite, 217. 

Skoleziie, 218. 

Zeagonite, 219. 

Jfarmotome . 220. 

Edingtonite, 221. 

Prehnite, 222. 

Killinite , 223. 4* 

Radiolile , 224. * 

2. An alkali, lime, and water. * 

Pektolite, 225. 

3. An alkali, alumina, an hydrous. 

Felspar , 226. * 

CteaveUmdite , 227. ♦ 

Anorthite, 228. • 

Petahte, 229. 

Sjmlumene , with hlhia, 23C. 

with #oda, 231 t 

Gabbronite , 232. 

Leu ate, 233. r 

Labradorite , 234. 

Scapolitc , 235. 

Meiomte , 236. 

Ekebcrgite , 237. 

Elaolitc , 23S. 

Nepheline , 239. 

Sudalite, 240. 

Tltnerite , 241. 

Anhydrous skolezite , 242. 

Erlanite , 243. 

Glaucolite, 244. 

Appendix. 

Pea list one, 24 5. 

Pitch stone, 246. 

Pumice, 247. 

Sphrernhte, 248. 

Obsidian, 249. 

Lava, 250. 

4. An alkali, magnesia, or oxide of„irou, or of man- 

ganese. 

Pier elite, 251. 

Picrosrmne , 252. 

P cm elite . , 253. 

7«/c, 254. # * * 

Pyrophyllite , 255, 

Chlorite , 256. f 

frreea rartA, 257. , 

Mica, rhomboidalx 258. 

oblique prisms, 259 
Lepidolite , 260. 

Marganle , 261. 

Rubellafi, 262. 

Vderit , 263. 

Gieseckite , 264. 
b'ahlunitc , 265. 

Finite, 266. 

5. An alkali, oxide of iron. 

AchnuU , 267. 

6. Lime, magnesia, or oxide of iron, or ‘manganese* 

The silica sometimes replaced by alumina. 
Pyroxene, 268. 
white, 269. 
gmw, 270. t 
Mavganesian, 271. « 

Augite, 272. ' 

Jrffersonite, 273. 

Bvstamite, 274. 

Amphibok, 275* . 1 ^ 


Mineralogy 
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Mineralogy Grammatite , 276. 

Actynolite , 277. 

Hornblende , 278. 

Arfwedsonitt ? 279. 

7i Lime, magnesia, oxide of iron, oxide of manga- 
nese* 

llvaite , 280. 

Cronstedtite, 28 f. 

Pyrosmalile ; 282. 

Peridot, 283. 

Hyalosiderite,* 284. 

Hyperstkcne, 28 5. 

Bronsite , 286. * 

Schiller spar , 287. 

Kntbdite , 288. 

8. Lime or magnesia, or oxide of iron or manga- 

nese or cerium, alumina. 

Kpidote , 289. * 

Zoizi/<\ 290. 

I dor rase, 291. 

magnesian. Loboite , 292. 

* cupriferous. Cy urine, 293. ^ 

Garnet , 294. • 

Granular , 295, 

A plume, 296. 

Atmandine , 297. 

M/gv/wta/i, 29s. 

Manganesian, j29 9. 

Pyropv , 300. 

Essonite , 30 1 
fie, Ivin, 302. 

Grille nitc, 303. 

-d nihophyllite , 304. 

Diehroife, 305. 

Jtfde, 306. 

Nephrite , ^07. f 
Saussurite , 308. 

Sardawahte , 309 
fsopyre , 310. 

Tachyhtv? 311. 

Karpholtte, 312. # 

Sapphic in, 313.* 

Chammsite , 314, 
lndianitc , 315. • 

Latrobite , 3 1 6. • 

JW//e,317. * • 

' Ligurite, 3 IS. 

Cerine 3N 
Allanile, 320. 

9. Oxide of iron, alumina 
Staurotide , 321. 

10. Qlucina, alumina. , 

Emehdd, 3*2 >. 

Euclasm 323. 

Chry sober il, 324. 

11. Yttria, oxide of iron, oxide of cerium, Ac. 
Gadolinite , from Ytterby, 325. 

Karurfoet, 326. 

Or/Ai/e, 327. 

I*yrorlhite, 328. 

12. Zircon iu, oxide of iron, &c. # • 

Eudyalite, 329. • 

Appendix to silicates. Minerals* not analyzed, or of 
doubtful composition. • 

Auralitt, 330. • 

Amphoddik , SSL 
BMngtimte, 332. 
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Bergmann'de, 333. I&nstelogy 

Biotina , 834. , v ' 

Bovelite , 335. 

Bucklandite , 88<>. 

Cavolinite , 337. 

Cereolite , 338. 

Chusiie, 839. 

Comptonile , 340. 

Davyne , 341. 

Desmine. , 34*2. 

Dipyre , 343. 

Disluite , 344, 

Dumite, 345. 

Forster Me, 346. 

Freislcben , 347. 

Fit ac it e, 348. 

Gigantolite, 349. 

Harringtonile . 350. 

// <yAy/ berg He, 351. 

Her derite, 352. 

Her schellHe , 353. 

Ham lie, 354. 

> Jberite, 355. 

Ilmenite, 356. 

Gretui iron earth , 357. 

Keffekilhte, 358. 

Lherzohte , 359. 

Lwibtkle, 360. 

Melhlite, 361. 

MonticeltUe , 362. 

March isonite , 363. 

Ncc rotate, 364. 

Nnttallite , 365. 

Osmelite, 366. 

Ostranite, 367. 

Pingi/jte, 368. 

Poonahlite, 369. 

Pyrargilhte, 370. 

Razoumaffskin, 37 1 . 

Sarcolite , 372. 

Sideroclepte , 373 
Somervillite , 371. 

Tautolite , 375. 

Thorite , 376. 

Torrelile , 377. 

Turner Ue, 378. 

Varga site, 379. • 

IVarthite, 380. 

Withumite, 38 1 . 
fVofkomkoit , 382. 

Xanthite , 383. 

• Xantholite 7 384. 

Zurlite, 385. 

Oxide of titanium, (titanic acid.) Analase, 3SG. * 

Kr/Me, 3S7. 
jProoMe ? 38£. 

Titaniate of iron. Jrcw .*<awrf, 389. 

Jtfigrine, 390. 

-d.ro/0moYtfiroN, 391 
4 Crichtonite , 892. 

Mohsite, 893. 

Silico titaniate* ofliine. Sphcne, 394. 

Tilaniatte with several bases of cerium yttria, 

' zirconia, Ac, 

Pyrochbret 895. 

Polymignitc , 396. 

Mschynite, 397. 
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Mmor^ogy Tanialic acid. 

^**,s*m~ JTuntalates of yttria, cerium, iron, &c, 

Fergus finite. 398. 

( Yttrutantalite , black , 399. 

brown , 400. 
yellow , 401. 

, TantaliUf 402. « 

rt. from Kimito, 403. 
c b. . . Finbo, 404. 

c. • . . Brodbo, 405. 
rf. . . Bavaria, 406. 

, c. North America, 407. 

/*. . . Kimito, gimng a cinnamon-co - 

t loured powder , 408. 

Oxaicte o/ antimony . Whitt antimony , 409. 

Oxi-sutphuret of antimony. Red antimony . 410. 

<■ Tinder ore ? 41 1. 

1 Scheelic acid, 412. 

Seheelete of’limc. Tungsten , 413. 

, . . iron and manganese. Wolfram, 114. 

< ... lead, 415. 

Molybdic acid , 416. 

Molybdate of lead, 417. 

Pamplonite ? 418. 

Oxide of chrome , native, 419. 

Chromate of iron, 420. 

lead, 421. 

lead and copper, Vauquelinite , 422. 
horacic acid, hydrous, native, 423. 

Borate of soda. Tincal , 424. 

. . . magnesia. Jioracite , 425. 

Boro-silicate of lime. Dalholite , 420 

Humboldt lie. 427 
Boiryulltc , 428. 

. . . alumina, lime, &e. 

Tourmalin £ 429. 

a with base of potash. 

— u "~ - k *6 ... lithia. 

c . magnesia. 

Axinite , 430. 

Carbonic acid , gaseous, native, 431. 

Carbonate of soda. Oblique rhombic prisms, 432. 

rigAt rhombic prisms , 433. 
Trona , 434. 
bi-car bon ate ? 435. 

. . ... and lime, fray Lussitc , 436. 

r , Barruchtc , 437. 

. . . barytes, 438. 

.. . strontia, 439. 

barytiferous. Stromnite , 440. 

... lime, a. Calcite , 441. 

5. Arragonite , 442. 

• ... ... and barytes. Barytocalcile , 443. 

. ... r ... andiron. Ankerite, 444. 

... ... and lead. Plumboaalcite , 445. 

* . . . magnesia, 446. 

. and lime. B/7/er 447. 

Mesitine spar ? 448. 

i ... ... ... and iron, 449. 

... and iron, 450. 

. . , manganese, 451. 

. . # iron. Brown spar, 452, 

argillaceous, cl ayr iron-stone, 453. 
»nc. Calamine, 454. 

4*. crystallized. 


deriwim, 455. 


Curl>onate of bismuth, 456. Minerile|^|r 

v sUicious , Bismuth blende , 457. v ' 

lead, 458. 

silver. Selbilc , 459. 
copper, green. Malachite, 460. 

M/e, 461. 

silirious. Chrysocolla in parti 
462. 

anhydrous , 463. 

... ... and zinc. Kupferschaum , 464. 

Oxide of arsenic , arsenic acid , 465. 

Arseniate of lime. Pharmacolite, 46f. ^ 

Ikaidingerite , 467. 

, . . iron, rhombic. Scorodite , 468. 
c//5/c, 469. 
amorphous ? 470. 
arse nit e? 471. 

.. . cobalt. Jt^d cobalt , 472. 

Rose tile, 473. 

. . . nickel, 474. 

. . . lead. Brown lead , 475. 

Arsen ile? 476. * 

copper. Octahedral , 477. 

O five rate. 478. 

Euchrmte % 479 
Tricdral ot Bn union, 480. 

Copper mica , 4 Ml. 

Erin He, 482. 

Condurrilc? 4 S3. 

V a nadir acid. 

Vauadinte of lead, 484. 

Phosphoric acid. 

Phosphate of lime. Apatite , 485. 

. . magnesia. Wagner ite , 486. 

... yttria, 487. 

iron. Vivian He, 488. 

Karphosiderite , 489. 

.. . manganese and non. Pilch ore , 490. 

Hetepozitc , 491. 

Huraulile , 492. 

. . . lead, 493. 

phosphate- a rsemaie , 494. 

.. . copper, r/gA/ rhombic , 495. 

oblique rhombic , 496. 

. . . alumina. lVavellit*\ 49'!. 

... ... and ammonia, /rom lAe/jfe <{^ • 

Bourbon , 498. 

Azurite , 499. 

Calaite, 500. 

Amblygonite , 501. 

Childrenite. 509. 

* Kakoxene , 503. 

uranium. Ur anile, 504. 

Cftalkolite, 505. 

Fluoric acid, 

Fluate of lime. Fluor, 506. 

jtuo-arseniate of lime, 507. 
yttria, 508. 

cerium, neutral , 609. 

... .. . sub-fluate, 610 

... r . . and yttria 511. • 

... » ... and Hmt. Fllrwertft, 512. 

alumina. Fluellite , 513. 

, ... and soda. Cryolite , 514. * 

Fluo-silicate pf magnesia. GondrodiU, 515. 

alumina. 3Po/m, 516. 
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liovralogj Nitric acid ' 

->*V^ Nitrute of potash, Nilre, 517. * 

... soda, 5 IS. 

• . . lime, 519. 

. . * magnesia, 5:20. 

Sulphuric acid, native, gaseous, 521. 

fluid, 522. 

Sulphate of ammonia. Mascagnine, 523. 

. . . polush, 524. 

soda. Glauber salt, 525. 

Anhydrous . Thenardite , 52G. 
barjtes. liar ancle nit e, 527, 

• Baryta- fluoride ? 528. 

Schoarite ? 529. 
strontia. C destine, 530. 

. . . and barytes. Grunerite , 531. 
lime. Gypsum, 532. 

Anhydrite , 533. 

. . . and socla. Glauber He, 534. 
magnesia. Epsom Ue , 535. 

. . . und soda. Reus site, 536. 

liloedite , 537. 

. . . soda and lime. Poly halt ite, 538. 
zinc, 539. • 

iron. Green. Me/ante rite , 540. 

Red. Botryogcne, 541. 

.. . Fibrous, 542. 

Earthy. Misy? 543. 
copper. Soluble, 544. 

Insoluble? Brochantite, 545 
Konigine , 546. 

. cobalt, 547. 

lead, 548. 

... ... and copper, 549. 

Sulphato-carbonate of lead, 550. 

... ... ... and copper, 551. 

tri-Qirbmiate of lead, 552. 

... a. Ithoinboidal, 553. 

... b. Prismatic, 554. 

Sulphate of alumina. Neutral, 555. 

... ... with excess of base, 556. 

... . . . 9 • Websterite, 55*7. 

... ... Davite, 558. 

and potash. Alum , 559. 
uranium, £60. 

... ..t and copper. Johanmtv, 561. 

Silico-sulphute T>f alumina. Old ha mite, 562. 

. . . and potash. Alum-done, 

* * 563. 

• Silicates containing sulphates . 

Lazulite , 564. , 

flaityjie, !&5. 

Spinell$ne, 5 66. , 

Velvet copper , 567. 

Appendix. • Metallic ? 

Breislahile, 568. 

Pelokonite, 569. 

Tepkroite , 570. 

Hopeite , 571: 

* " 

Mineral* apparently derived frotn organic substances. 
Mould ♦ 672. • 

JW* 573. 

JtijrwYft ; ,f0W corf, 574. 




Dysodil. Paper coal , 575. > 

Amber, 576. ’ ' • 

Retinasphaltvm, 577. . 1 

Fossil copal, 

Hatchetine , 579, 

Naphtha, 580. 

Petroleum , 581, 

Elastic bitumen, 582. 

Earthy bitumen. Maltha , 583, 

Murindo, 584, 

Asphaltum, 585. 

Bituminous coal, 586. 

Native Naphthaline , 587. 

Scherer Up, 588. 

Xylocryplite , 589 
Mellite, 590. 

Oxalate of iron , 591. 

(14.) It will readily be discovered by the reader, on 
looking through the preceding chemical classification, 
that if he desires to ascertain whether a particular Mine- 
ral which he sees for the first time is included in it, the 
order in which the species are there placed, even suppos- 
ing them accompanied by their descriptions, does not em 
al\le him to do so. Some other arrangement, therefore, 
which for the sake of distinction we have termed arti- 
ficial, is required for this purpose. 

The first attempt at an arrangement of Minerals, with 
a view of affording the means of recognising them, is t# 
we believe, contained in Aikin’s Manual of Mineralogy, 
and is founded on the effects produced by the blowpipe, 
combined with some other characters. But service- 
nbiw as this arrangement might be, it is probable from 
the infrequency with which the blowpipe is used by 
Mineralogists, that it has not afforded the assistance it is 
capable of rendering. * 

(15.) The only other attempt at an artificial arrange- 
ment of Minerals, founded on their external. and phjsi^ 
cal characters, for the purposes of identifying and dis- 
tinguishing them, which has been published in this 
Country, is the system of Mohs; that of Weiss, by 
which it is said to have been preceded, not having TCP 
our knowledge been printed either here or in France. 

The system established by Mohs, although imperfect in 
respect to a particular class of crystalline forms, and 
defective in respect to the arrangement of many of the 
species, which are thrown into appendices to the several 
orders of the system, is said to •havfe fulfilled in a very 
great degree the object for which it was framed, and to 
have enabled his pupils to determine Mineral species 
when first presented to them with a considerable degree 
of precision. The translation which has appeared in 
tjiis Country, although made by a pupil of Mohs, emi- 
nently acquainted with his subject, and writing our lan-‘ 
guage with great correctness, is yet not givfcn in so p^- 
fect an English' dress* as to enable the reader at all 
times to comprehend fut!y*the meaping of the author. 

The difficulty, however, which the reader might* expe- 
rience from this cause, is nothing in comparison with 
that which he has to encounter in the minute analysis 
of the principles of the system, itslearned yet repulsive 
nomenclature* and the symbols which represent the 
crystalline forms. Indeed, so formidable have thqpe 
characters of the Wor)c aj>peared to Mineralogists in this 
Country, that we believe it has bad very few, if any 
readers. We, however, give the following abstract of 
the system, stripped of its repulsive appendages* ;A 



System oy Mohs. 

Cloak L Sp.gr. under 8.8. 

No bituminous odour. 

OrHer 1. Sp.gr. 0.0001, 0.0014. 

Gaseous. 

Not acid. 

'2. Sp.gr. 1.0. 

Liquid. 

No odour or taste. 

- 3. Sp.gr, 0.0015, 8.7. 

Add. 

4. Sp.gr. 1.2, 2.9. 

Solid. 

Soluble in water. 

Not acid. . 

Class 2. Sp.gr. above 1.8. 

Tasteless. 

Order 1. Noii-metallic. 

Streak uncolnured. 

Hard, 1.5, 5.0. 

Sp.gr. 2.2, 8.3. 

a. Square or rhombic prisms; Hard. 4.0 or 

less; cleavage imperfect, oblique. • 

b. Cube ; Hard. 4.0. 

e. Single cleavage, bright; sp.gr. 2.4 or less. 
d. Hard, under 2.5; sp.gr. 2.4 or less. 
v. Hurd, under 2.5 ; sp.gr. 2.4 or less ; 
lustre not resinous. 

2. Non- metal lie. 

Streak uncoloured, or orange yellow 
Hard. 2.5, 5.0. 

Sp.gr. 3.3, 7.3. 

' a. Single cleavage ; sp.gr. 4.0 or less, 5.0 
and more. 

b Lustre adamantine or imperfect metallic ; 
sp.gr. 5.0 and more. 

?. Streak orange-yellow ; sp.gr 6.0 and 
more. 

d. Hard. 5.0 ; sp.gr. under 4.5. 
v. Hard. 5.0 ; sp.gr. under 4.0 ; triple cleav- 
age. 

3. N on-melallic. 

Streak uncoloured. 

Cleavage not single, imperfect. 

Hard. 1.0, 2.0. 

Sp.gr. above 5.5. 

4. Non-metallid 

Colour blue, green, brown. 

Cleavage not single. 

Hurd. 2.0, 5.0. 

Sp.gr. 2.0, 4.6. 

a. Colour or streak brown ; Hard. 3.0 or, 

less; sp.gr. above 2.5. 

b. Streak blue; Hard. 4.0 qr less. 

, c. Streak uncoloured ; Hard, under 8.0 ; 

. sp.gr. 2.2 or less. 

5. Cleavage single, bright. 

Hard. 1.0, 4.5. 

Sp.gr. 1.8, 8.2. 

a. Metallic ; sp.gr. under 2.2., 

b. Nan-metallic; sp.gr. above 2.2, 
a Rhomboid ; Hard. 8.0 and more. 
d. Metallic*; ap.gr. under *2. 5, 

6. Nott^ntetaUic. 

Streak uncphiurrt, bmwn/blue. 


Class 2. continued , 

Order 6. continued. 

Sp.gr. 2.0, 8.7. 

a. Cube ; sp.gr. 8.0 or ku t 

b. Rhomboid ; Hard. 6,0 ; sp.gr. 2.2 or 

less. 

c. Single cleavage, bright ; Hard. 4.0 or less. 

d. Lustre pearly; Hard, above 6.0; sp.gr. 

under 2.5, or above 2.8. 

e. Lustre not adamantine ; oblique rhombic. 

or doubly oblique prisms ; Hard. 6.0 ; 
sp.gr. above 3.3. 

f Traces of form and cleav&ge ; sp.gr. 2 4 
or less. 

7. Non-metal lie. 

No metallic adamantine lustre. 

Streak uncoloured. 

Hurd. 5.5, 10., fj. 

Sp.gr. 1.9, 4.7. 

a. Hard. 6.0, or less. 

Cube ; sp gr. 3.0 and more. 

No form (»r cleavage ; sp.gr. 2.4 or less 

b. No pearly lustre, on cleavage planes ; 

sp.gf. under 3.8. 

8. No green streak. 

Hard. 2.5, 7.0. 

Sp.gr. 3.4, 7.4. 

а . Metallic ; colour black. 

б. Non-metallic; lustre adamantine oi im- 

perfect metallic. 

r. Streak yellow or red; Hard. 3.5 and 
more ; sp.gr. 4.8 and more. 

d. Streak brown or black ; Hurd. 5.0 and 

more ; or single cleavage. 

e. Streak yellow, red, or black; Hard. 4.5 

or less. 

f Streak uncoloured*; Hard. 6.5 and more ; 
sp.gr. 6.5 and more. 

9. Metallic. 

Colour not black. 

Hard. 0.0, 5.0. 

Sp.gr. 5.7, 20.0.* 

a. Malleable , colour grey ; sp.gr. 7.4 and 

more. 

b. Malleable ; Hi*rd. above 4.0. 

10. Metallic. 

Hard. 3,(f, 6.5. 

Sp.gr. 4.1, 7.7. 

a. Hard. 4,5 or less; sp.gr. under 5.3 

b. Colour yellow or red ; sp.gr. 5.3 or less. 

11. Metallic. < 

Colour grey, black. 

Hard. 1.0, 4.0. 4I 

Sp.gr. 4.2, 7.6. 

a. Colour lead-grey; single cleavage; «p^r. 

under 5.0* 

b. Colour lead-grey.; sp.gr. above 7.4. 

12. Streak green, brown, red, uncoloured. 

Hard. L0, 4.0 

Sp.gr. 3.9, 8.2. 
a. Metallic ; colour black. 

K Nommetallic ; lustre adamantine* 

c. Streak green ; colour black. 

d. Streak brawn, uncoloured ; cube ; sp.gr 

• 4.0, 4.2. 

V Streak red; Hard, 2*5 or less* 

/. Streak (ed *, 4.8 and more. 
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Mineralogy Class 2. continued. 
v Order 13. Non-metal lie. 

Colour yellow, red, brown. 

Rhombic prism. 

Hard. 1.0, 2.5. 

3p.gr. 1.9, 3.6. 

ft. Single cleavage ; sp.gr. 3.4 and more. 

b. Streak fellow, red; sp.gr. above 2.1. 
Class 3. Sp.gr. under 1.8. 

ft. Fluid ; bituminous odour. 

* 6. Solid ; tasteless. 

Order 1. Hard. 0.0, 2.5. 
x Sfl.gr. 0.7, 1.6. . 

a. Streak uncoloured, sp.gr. 1.2 and more. 

2. Streak brown, black. 

Hard. 1.0, 2.5. 

Sp.gr. 1.2, 1.5. 

We recommend the reader if he wishes to ascertain 
the real value of this arrangement, to attempt a classi- 
fication of the Minerals he is acquainted with by the 
characters here given, and to compare his result with the 
order in which the several Minerals arc placed in the 
translation we have referred to. 

(1G.) The very brief description.^ given in the following 
list arc all that the space allotted to this Essay will allow, 
and we must refer the readei to Leonhard’s Hand- 
buch drr Oryctognosie, for the results of Chemical ana- 
lysis ; to Many's Trailed? Mmcralogic, and to Phillips's 
Elementary Introduction , for figures and measurements 
of Crystals; and to the “ observation** 1 ' in Hai dinger’s 
translation of the system of Moils, ior much valuable 
M i i icra logical information. 

The alphabetical form we have given to our list, will 
be found convenient for reference. Although, however, 
the leading form of our list is alphabetical, it is also, with 
the exception of the compound silicates, chemically ar- 
ranged according to tl*c bases, by which order the ores 
of each metal are kept together. The reader has thus 
the two chemical classifications before him. That 
already given from Berzelius being arranged according 
to the. acnls with a particular view' to the theory of 
isomorphism. , • 

. Wc have deemed it advisable to give single names to 
some of the species that before had only their chemical 
designation, as Calcilc tft Carbonate of lime. These 
names have garieraHy*beou derived from places or per- 
sons, .having observed that significant names derived 
fruuwsomc property or character or theoretical view of the 
substances to wliich they have been applied, have fre- 
quently led to tht; mistakes of one substance for another, 
merely because the property from which the significant 
name was derived, happened to be common to both. 

We observe, injooking at the late editions of Beudant’s 
Mineralogy and Breithaupt’s Carakleristik , that these 
authors also firnve felt *the advantage of denoting Mi- 
nerals by single nam 4 es ; but they have carried their liber- 
ations very iquch further than appears to be necessary, 
mid they have too frequently followed the exceptionable 
examples before them, of employing a significant nomen- 
clature. 

We have deemed it sufficient to refea specially to the 
m Works of Hafiy, Phillips, Hai dinger, ant} Leonhard, as 
the reader will find in 1 these ample, references toother 
authorities. But we have occasionally found it necessary 
to quote from other books, • 

The abbreviations used qp the following, * 

Matty* . TraMi dcMiniralcgic, second edition, 1922. 


Phil. Elementary Introduction to Mineralogy t 
W. Phillips, 1823. 

Haid. Treatise on Mineralogy, by F. Mobs, trans- 
lated by W. Haidinger, 1824. 

Leon. Handbuch der Qryctognosie, by K* C. v. 

Leonhard, 1826, 

B.M. British Mineralogy . by J. Sowerby. 

N.J. Nicholson's Journal , 8vo. # 

P.M. Philosophical Magazine. 

S.J. Silliman’s Journal. % * 

An, Annals of Philosophy . « 

An. n s. Annals of Philosophy , New Series. 

P.M. and An. Philosophical Magazine and Annals. # 

P. M. andJ.S. Philosophical Magazine and Jour- 
nal of Science . 

E.P.J. Edinburgh Philosophical Journal. 

E.P.J. n.s Edinburgh Philosophical Journal. New 
Series. 

E.J.S. Edinburgh Journal of Science. 

E.J.8. N.s. Edinburgh Journal of Science, New Senes. 

Q. J.S. Quarterly Journal of Science. 

Lucas. Tableau dcs Esperes Mint rales, 1813. 

Oal. Recueil Mine ralogiq ues par le Prince Dimitri 

efre Gallizin. • 

The Mineralogical student will find much useful 
matter in the Treatises on Mineralogy by Kirwan, Jame- 
son, Aikin, Cleaveland, and those of later writers in 
France and Germany. 

We have followed Mohs in the numbers which express 
the degree of hardness (Hard.) of Minerals, his scale 
being as follows. 

1. Green talc. 6. Adularia. 

2. Gypsum. Rock salt. 7. Quartz. 

3. Carbonate of lime. 8. Topaz. * 

4. Fluorspar. 9. Corundum. 

5. Apatite. 10, Diamond, 

But we arc persuaded that this character requires to 

be much more accurately ascertained than it. has hitherto 
been, and by a more strict method of comparison than 
merely passing a knife or file over the substance, and esti- 
mating its hardness by the degree of resistance it appears 
to offer. *** 

Alphabetical List of Minerals. 

Achmite. Euchysiderite. No. 267. 

Haid. 3.67. Leon. 513. 

Has the form, cleavage, and*meSsnrement of Pyrox- 
ene. Hard. 6.0, 6.5. Sp.gr. 3.24. Nearly opaque. 
Lustre vitreous. Colour brownish-block. Streak 
yellowish-grc). 

Found at Eger m Norway. 

* Aluminj. 

Finale of Alumina. • • 

a. Fluellite. * No. 513, 

Sowerby, Brit. Min. 3.S3. 1807 % An 8.242. Haid. 

3. 101. Leon. 739. t 

Occurs in attached octahedral crystals. 

Primary form, a Right rhombic prism. Cmsr. fig. 1 
71. M,M'=105°. Transparent Colour white. 

Found at Stenn® Gwyn, Cornwall. 

Hydrate of Alumina. 

a. Duspotfa. No. 153. * _ 

Hatty, 2163, Phil. 78. Haid. 3,92. Leon* 22& 

Occurs in amorphous masses, with a iliin columnar 

* structure, the crystals crossing' in every ilwedianu 
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Mineralogy Primary Form, according to Phillips, a Doubly oblique 
prism. Cryst. fig. 95. P,M = 108° SO*. P,T= 

' 101° 20'. M,T = 64° 54'. Sp.gr. 3.43. Slightly 
translucent. Lustre vitreoqs. Colour slightly green- 
>sh-grey, and yellowish-brown. 

Locality unknown, but supposed to have come from 
the Uralian mountains. t 

6. Gibbsite. No. 152. 

• Phil. 79. Haid. 8. 103. Leon. 740. 

* Occurs in irregular staluctitical and tul>erculated 

* masses. Structure fibrous, radiating. Hard. 3.0, 
3.5. Sp.gr. 2.4. Slightly translucent. Nearly 
dull 1 . Colour greenish or greyish- white. Streak 
white. 

Found at Richmond, Massachusetts, North America, 
c. Calaite. Agaphite. Johnite . 

Mineral Turquoise. No. 500. 

Hatty, 4,516. Phil. 79. Haid. 3.83. Leon. 135. 

Occurs jn reniform nodules and amorphous masses, 
and in thin veins. Structure compact. Fracture 
oonchoidnl. Hard. 6.0. Sp,*;r. 2.H, 3.2. Opaque. 
Colour sky-blue and bluish-green. Streak white. 

Found in ullinial clay and in trap rock in Khurasan 
in Persia. 1 

Mellate of Alumina, 
a. Mklute. Honey stone. No. 590. 

H mi v, 4. 445. Phil. 374. Haid. 3.56. Leon. 790. 

Occurs in attached and imbedded crystals, and small 
, imbedded nodules or grains. 

Primary form a Square prism. Ciiyst fig. 65 Clem- 
age very indistinct parallel to the planes a , fig. 66. 
Fracture conchoidal. liard. 2.0, 2.5. Sp.i • 
1.597. Transparent, translucent. Lustre vitien- 
resinOits. Colour honey-yellow, sometimes reddish 
or brownish. Streak white. 

Found attached to and imbedded in bituminous wood, 
principally at Artern in Thuringia. 

^ Native Alumina . 

a. Corundum. 

The blue transparent varieties are the Sapphire; the 
red, oriental Ruby; the purple, oriental Amethyst ; 
the yellows oriental Topaz ; the opaque, adamantine 
spar; the granular, Emery. No. 145. 

Hatty, 2. 70. Phil. 74. Haid’ 2. 199. Leon. 535. 538. 

Occurs in imbedded crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P.P^ 
86^ 4'. Cleavage parallel to P, and perpendicular 
to the axis. Fracture uneven. Hard, 9.0. Sp.gr. 
3.91, 3.98. Transparent, translucent, opaque. Lus- 
tre vitreous. Colour white, grey, blue, green, yel- 
low, red, brown. Streak white. 


Massive varieties, amorphous. Structure perfectly 
crystalline, or granular and compact with a splintery 
fracture. 

Found in India, China, North America, in Europe 
chiefiy at St. Gothard and in Piedmont. 
t Alumina , with silica and carbon . 
a * Rotten StCtne. No. 146, 

Phil. 50. 

Occurs massive* Fracture uneven. Soft, fine earthy, 
soil® the fingers. Opaque. Dull. Colour greyish! 
reddish, and blackish-brown. Fetid when rubbed 
or scraped. 

Found near Bakewell in Derbyshire, and at Albany 
near New York, 

Phosphate of Jivmina, *' 
a . Waveimte* Ljfteimtffa 497 


Hatty, 2.161. Phil. 146. Haid. 3.169. Leon, 133. 

Occurs in globular concretions, formed of slender 
crystals radiating from the centre of the globules, 
with imperfect terminations, producing a drusy sur- 
face. Primary form of the crystals a Right rhombic 
prism. Cryst. fig. 71. M,M'=s 122° 15 ; . Cleav- 
age parallel to the lateral planes, and the greater 
diagonal of the prism. Hftrd. 8,5, 4.0. Sp.gr. 

2.3, 2 7. Translucent. Lustre vitreous, some- 
times pearly on the cleavage planes. Colour nearly 
white, grey, brown, yellow, green, of various shades. 

Found near Barnstaple, in Devonshire ; very rarely 

near St. Austle, Cornwall ; in Ireland, Germany, ^ 
and Brazil. 

Phosphate of Alumina and Ammonia . 
a. Mauritcite. No. 498. 

An. de Ch. 21.188. Leon. 783. 

A white earthy substance from the Isle of France, 
differing from the preceding Phosphate in the pro- 
portions of its constituent parts. 

Silicate of Alumina. 

a. Kvanite. Cy anile.. Didher)?. Wifrtizite. No, 181. 

Hatty, 2. 357. Phi). 81. Haid. 2. 213. Leon. 406. 

Occurs in columnar imbedded crystals and massive. 

Primary form a Doubly oblique prism, P,M = 93° 15'. 

P,T = 100° 50'. M,T= 106° 15'. Cleavage parallel 
to T very distinct ; less so parallel to M ; parallel 
to P indistinct. Fracture uneven. Hard. 5.0 on 
plane T, 7.0 on the edges and solid angles. Sp.gr. 

3.6, 3.675. Transparent, tnnshicent. Lustre 
vitreous, pearly on T. Colom white, bluish-grey, 
blue, pale bluish-green, yellow, Streak white. 

Massive varieties . Aggregation of mstals promis- 
cuously intersecting each other, sometimes very 
long, and occasionally so shoit and small as to ap- 
pear large granular. 

Found at St. Gothard in large crystals, in Scotland, 
and many other parts of Europe, and in North 
and South America. 
h. Sij.limanite, No. J82. 

II aid. 3.153. Leon. 409 

Occurs in imbedded coluimmt rhombic prisms, of 
about 106° 30'. Haid. 

Cleavage parallel to the long diagonal. Fracture 
splintery. Hard. 8.0, 8.5 ,Sp.gr. 3.41. Nearly 
opaque. Lustre, on the eleavaye pla’.ie nearly ada- 
mantine. Colour dark brownish-gre\. • 

Found at Snybrook, Connecticut, North America. 

It approaches very nearly to Kyanite in its form 
and composition, 
c. Bucholzitk, No 183. 

Phil . 109. Leon. 409. 

A' fibrous substance from the Tjrol analyzed by 
Brandes. It is described as amorphous. Cross 
fracture imperfectly conchrikdal. Hard, about 6 n), 

Slightly translucent. Lustre resinous. Colour 
yellowish and greyish-white. 

One or two other fibrous Minerals apparently different 
from this have passed under this name. The com- 
position of the substance analyzed by Brandes is 
nearly the same as that of Kyariite, and it may bavo 
been a fibrous variety of that Mineral. •' • 

A. Fibrolite, No.d84, 

Phil. $0* Haid. 399, Leon. 

Occurs m small fibrous masse*. Hard. 7.5. Sp.gr. * 
3.214, Translucent, colour gteyish^wiiite. 

Found in India and China accompanying Corundum. 
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Fibrous varieties of Epidote, Kvanite, and other 
substances have passer! under this riume, and the 
composition of Bourn on’s Fibrolite is very nearly 
the same as that of Kyanite. 

Anualusite, No. 185. 

Hatty, 4 ,486. Phil. 108. Haid. 2.293. Leon. 404. 

Primary form a Right rhombic prism. M,M / =90° 
40', measured ona transparent variety from North 
America. Cleavage parallel MM'. Fracture un- 
even, conchoidal. Hard. 7.5. Sp.gr. 3.104. Trans- 
parent to opaqpe. Lustre vitreous. Colour flesh- 
red to brownish and greyish-red. 

Found generally in mica slate in Spain, France, and 
other parts of Europe, and lately in North America, 
in partially transparent crystals imbedded in quartz. 


Hydrous silicates of alumina . A very uncertain series , 
several of which are , probably , only accidental mix - 
hires in variable and indefinite proportions . 

a. Pholaritk, No. 187. 

E.J.S. 6.364. Leon. 767. 

Occurs in small, convex, nacreous scales. 

Soft, friable. Colour white. Adheres to the tongue. 
Found in the coal formations *ot Fins, Department 
Allier, France. 

A. Allopuane, No. 188. 

Phil. 88. Haid. 3.69. Leon. 183. 

Occurs in globular, re ni form, and botryoidal masses. 

No cleavage. Fracture ‘conchoidal. Hard, nearly 
3.0. Sp gr. 1.85. Transparent, translucent. Lus- 
tre vitreous. Colour blue, green, biown, of several 
shades. 

Found in limestone in Thuringia, at Schneeberg in 
Saxony, and probably in Derby shiie. 

Some specimens, received in this Country under the 
name of A llophaue, may be cleaved parallel to the 
planes of u •rectangular solid, and aie probably an- 
other Mineral. 

c. J rfF.NZi nite. IVaflerite , No. IMF 
Phil. 87. Leon. 179. 

Occurs in compact and earthy masses ol various sizes. 
Compact . Fraction itmeiioidal. Hard. 1.5. Sp.gr. 

- 2.10. Transparent on the edges. Nearly dull. 

Colour yellowish milk-white. Streak shining. Feels 
rather gieasv. Ill •water it separates with noise 
into smi'vll trnginents. 

Earthy. Fracture earthy. SofC Sp gr 1.H0. Slightly 
. translucent, opaque. Dull, Colour snow-white. 

Streak shining. 

Found at Kal|,iii Eifeld. 

d . Halloysite, No. 190. 

E.J.S. 6. 1S3 

Occurs in nodular masses. Structure compact, frac- , 
ture conchoidal. Neuily opaque- Lustre wuxy. 

• Colour ftlnish and greyish-white. Sneak shining. 
Adheres to tht; tongue. 

Found injhe neigh! vnurhood of Liege and Namur. 

The analysis of this substance corresponds so nearly 
with that of Lenzinilc as to leave little doubt ot its 
being the same Mineral, but of a different colour. 
t SkVERITE, No. 191. • 

* Phil. 87. f • 

Occurs in small masses, nearly; resembling Litho- 
marge. Fracture uneven. Hard, 1.0, 15. Slightly 
translucent Du It, Colour white, Streak shining, 

\ Found wear St Sever in France, * 

f Fuller's Earth. No. 102. 


«3fv ; 

Phil. 52. Haid. 3,182, 

Occurs massive in beds of considerable thickness, 
Fracture uneven, earthy. Soft, Sp.gr. L3* >2,2. 
Opaque. Dull. Colour greent»h-brow4» dull grey- 
white. Streak shining. Feels greasy. ,* 

Found in England, principally at Nutfleld in Surrey, 
and iij Stiria, Saxony, and some other places in 
Europe. • 

g. Cimoltte, No, 193. 

Phil. 54. Leon. 729, 

Occurs in amorphous earthy masses, structure rather 
slaty. Fracture uneven, earthy. Soft, Sp.gr, 2.0. 
Opaque. Colour greyish-white. * 

Found in the island of Cimola, near Argenteria. 

Used for the same purposes to which Fuller s earth is 
applied. 

A. An alma to lite. Bildsltin. Lardite. Pagodile. 

No. 194. 

Phil. 119. [laid. 3.100. Leon. 188. ‘ 

Occurs massive. Fracture coarse, splintery. Soft. 
Sp.gr. 2.8. Slightly translucent. Colour while t<» 
brown, rather pale and dull. Streak shining. Unc- 
tuous to the touch. 

• Found in China, Transylvania, Saxony, and in Wales. 

Cut into various figures by the Chinese, and seldom 
brought to this Country in any other state. 

i. Lithomahgk. Ste inmark, No. 195. 

Hatty, 4.558. Phil. 52. Haid. 3.183. Leon. 186. 

Occurs massive. , Spheroidal. Structure compact^ 
Fracture large, conchoidal. Soft. Sp.gr. 2.2, 2.5. 
Opaque. Dull. Colour white, grey, red, yellow, 
blue. Streak shining. Adheres to the tongue. 
Unctuous to the touch. 

Found in Saxony, and some other ports of Europe. 

A friable variety is found at Ehrenfrudendorf in 
Saxony. 

k Bole, No. 196. 

Phil. 53. Haid. 3.179. Leon. 191. 

Occurs massive. Structure compact. Fracture con- 
choidal. Soft. Sp.gr. 1.4, 2.0. Nearly opaque. 
Nearly dull. Colour biowuish-black, red, yellow. 
Streak shining. Feels greasy. Adheres to Wm* 
tongue. 

Found in many places in traji rocks. 

Several very different substances appear to have passed 
under this name, and it is doubtful if any one ot 
them is correctly represented by the preceding de- 
scription, yet we give it upon the uuthorites quoted. 

l. Mountain soap. No. 197. 

Phil. 53. Haid. 3.184. Loon. 192. 

Occurs massive. Structure compact. Fracture fine 
earthy. Sectile. Opaque. Dull. Colour light 

• brownish -black. Streak dinning. 

Found at Olkner in Poland. 

m. Lemman earth. Terra sigillaia^ No. 198. * 

Phil. 54. Jleou. 191. 

Occurs massive in the Isle of Lemnos. Fracture 
earthy. Soft. Opaque. Dull/ Colour dull yelknv- 
ish-grey and greyish-white. 

An uncertain species. v 1 

71. KoLLYRITIt, Ni). 199. 

Phil. 88. * Leon. 752. 

Occurs massive, appearing like a tenacious while clay. - 
When dry 'it splits into* columnar masses like 
starch. 

Found at Weissenfels in Thuringia. 

The silidfcrcms Hydrate of Alumina, found in tbp 
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rtw.e«uo*y Pyrenees and analyzed by Berthier, probably be- 
longs to this species. 

o. SSbARBitorrE, No. 203. 

P.M. and An. 5. 178. 

Occurs ns veins in the beds of sandstone covering 
tlie calcareous rock at. Scarborough. 

Fracture conchoidal. Hard, about 2.0. Sp.gr. about 
L4&. Opaque. Dull. Colour while. Streak shining. 
Adheres to the tongue. Strong earthy smell when 

• bieathed upon. Does not become translucent, nor 
* fall to pieces in water. 

p. Kaolin. Porcelain Clay, No. 201. 

# Phil. 31. Leon. 185. 

Occurs massive and disseminated in decomposed gra- 
nite rocks. Fracture brie earthy. Soft. Sp.gr. 2 2. 
Opaque. Dull. Colour yellowish and reddish-white. 
Fo^nd in France, near Limoges and near Bayonne, 
and in Saxony, England, China, and other places. 

q. Clay, No.' 202. 

Pliil. 55*56. II aid. S. 180. 

B Occurs massive. Structure earthy. Fracture uneven. 

Soil. Sp, gr. 1 .8, 2.8. Opaque. Dull. Colour 
white, grey, brown, red, yellow, &c., of various 

9 shades, and striped, spotted, & c. Streak shining.* 

Found in all parts of the world. 

The Clay. stones and Siatet 5 usually introduced into 
Catalogues of Minerals, appear too variable in their 
composition to admit of any distinct classification, 

, and belong more properly to the geological series 
ot rocks. 

Silic if crons Sulphate of Alumina, 

1 Oi uitAMir:', No. 562. 

An. 11.134. 

Massive, •and of the consistency of hog’s-lard. Trans- 
lucent. Colour, snow and milk-white. Taste, sub- 
acid. When exposed to the air, it dries and splits 
into long thin masses like starch, some of which are 
translucent and resemble gum arabic. 

Found in a coal mine near Oldham in Lancashire. 

Sulphate o f Alumina. 

a. Wli’sjt.iutg. Hallite , No. 557. 

< f , liil. 145. Haiti. 3.70. Leon. 130. 

Occurs in roundish or (filiform masses, generally small. 
Fracture earthy. Soft, friable. Sp.gr. 1.7. Occa- 
sionally translucent, generally opaque. Colour 

white, sometimes yellowish. Streak white. 

Found at Halle, in Prussia, in clay, and at New- 
haven, Sussex, in lihicstmic. 

b. D A VlTh, No. 558. 

Q.J. N s. 3.3S2. Leon. 433 

Occurs massive. Structure fine fibrous. Lustre 

silky. Colour white. Taste highly astringent. 
Very soluble. • , 

Found near a warm spring which contains sulphuric 
* acid, near Bogota, in Columbia. 

Sulphate of Alumina and Potash . 

a. Alu$i, No. 559. r 

Hauy, 2.114*. Phil. 196. llaid. 2.50. Leon. 107. 
Occurs as an efflorescence, and sometimes in stalac- 
tites and fibrous masses. 

Primary form a Cube. Crvst. fig. 50. Cleavage 
parallel to the planes of the regular octahedron, 

* indistinct. Fracture conidioidal. Hard. 2.0, 2.5. 
Sp.gY. 1. 75. Transparent, translucent* Lustre 
vitreous. Colour yell owish or greyish-white. Streak 
white. Taste astringent, sweetish. 

Found in man v narts of Flirooe. 


5. Alum-stone. Tolfaite % No, 563. Mineralogy 

llaiiy, 2.128. Phil. 196. Haid. 2.67. Leon. 131. i v»» * 

Occurs in attaclied crystals and massive. 

Primary form a Rhomboid. Crvst. fig. 106, P,P r 
= 92° 50'. Cleavage parallel to the primary 
planes, and more distinctly perpendicular to the axis. 

Fracture uneven. Hard. 5.0. Sp.gr. 2,7. Trans- 
parent, translucent. Lustrcwvitrcous. Colour pale 
greyish and reddish-white. Streak white. 

Massive varieties , amorphous, structure granular, 
compact. , 

Found at Tolfo, near Rome, in Tuscany, Naples, 

Hungary, and occasionally in the Neighbourhood 
of active volcanoes. 

Ami’.lycionite, No. 501 . 

Phil. 198. Haul. 3.70. Leon. 283. 

Occurs massive, v 

Cleavage parallel to the lateral planes of a rhombic 
prism of about 105° 45', and indistinctly oblique 
to its axis. Fracture uneven. Hard. 6.0. Sp.gi. 

3.04. Translucent. Lustre vitreous, inclining to 
pearly. Colour greenish-white. Streak white. 

Found near Chursdorf in Saxony, in Granite, accom- 
panying Tourmaline mid Topaz. 

A mm ox 1 a. 

Muriate of Am mom a. 
a . Sal Ammoniac, No. 60 . 

llafly, 2.221. Phil. 194. Haid. 2.39. Leon. 587. 

Primary form a Cube. Ckyst. fig. 56. Cleavage pa- 
rallel In tile planes of the octahedron. Fracture 
conchoidal. Hard. 1.5, 2. Sp.gr. 1.52S, Trans 
parent to opaque. Colour white, grey, greenish, 
yellowish, and brownish. Lustre vitreous. Taste 
saline and pungent. 

Massive varieties , stuluctitic, botryoklal and roniforin, 
with a fibrous structure, and occasionally in crusts. 

Found in the neighbourhood of active volcanoes, and 
occasionally in other situations. It sometimes oc- 
curs in the beds of coal near Newcastle. 

Sulphate o f Ammonia . , 
a . Mascaonin, No. 523. 

Phil. 191. Haid. 3.125. Leon. 127. 

Stalactitic and efflorescent. Semitransparent to opaque. 

Colour yellow und yellowish-grey. «. Taste acrid, 
bitter. , * 

Found in the neighbourhood of volcanoes. 

Amphidole, consisting of the following varieties .* — 

Common Hornblende , colour dark green or greenish- 
black. 

Basaltic. Hornblende. « €i 

Foliated Avgite of Werner. 

Blue Hyperstene of Gieseeke.» 1 % 

Green I) tallage of Haiiy; Smaragdite. 

Pargasiie in short green crystals. , 

Actynolite; the crystals green, slender, and sometimes 
radiating. 

Tre.motite ; Catamite; Grammatite ; colourless or 
green, or pink, or brownish -grey, generally im* 
bedded iq, dolomite, frequently fibrous, and some- * 
times radiating. 

Amiantkoide ; Byssolite . 

Amiaftthm. Asbestus. No, 275 to 878. 

Haiiy, «^72. 454. 48L Phik 63. 7t. H»U. 2.*7* 4 

Leon. 493, 
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Primary form an Oblique rhombic prism. P,M = 
103° 13' M.M's 124° 30'. Cleavage parallel to 
MM', and less distinctly to the planes of modifica- 
tion h and k. Erasure uneven. Hard. 5.0, 6.0. 
Sp.gr. 2.93 to 3.2, Oi according to Phil. 3.6. Trans- 
parent to opaque. Lustre vitreous, sometimes 
pearly. Colour white to black. Streak greyish. 

Massive varieties differ considerably in structure; 
from slaty to columnar and fibrous; the fibres 
sometimes, .a in amianthus, being silky and 
, flexible. 

Found in all parts of the world, and in various geo- 
logical positions. « 

Ampelite. Mack Chalk, No. 203. 

Phil. 55. Haiti. 3.181. 

Occurs massive. Structure fine granular, slaty. Frac- 
ture fine earthy Soft. Sp.gr. 2.1 1, 2.18. Opaque. 
Dull. Colour black. m Streak rather shining. 

Found in several parts of Europe in rocks of clay- 
slate. 

Analcxmk, Cubicife , No. 210. 

Hatty, 3.170. Phil. 1*29. Haiti. 2.227. Leon. 202. 

Occurs in attached and imbedded crystals. Primary 
form u Cube. Cryst. fig. t)6, ( leavage parallel 

to P indistinct, interrupted. Fracture uneven. 
Hard. 5.5. Sp.gr. 2.068. Transparent, to trans- 
lucent. Lustre vitreous. Colour white, sometimes 
greyish and reddish. Streak white. 

Found m several parts of Scotland, and in many 
different places m other Countries, chiefly in ba- 
saltic and umygduloidal rocks. 

A no i» i in it., No. 228 . 

Haul. 3.71. Leon. 432. 

Occuisiu attached crystals. 

Pimmrv form a Doubly oblique prism, Cryst. fig. 
95. i\M~94°; P.T= J 10' 50' ; M.T= 1 17° 42' 

Olcuvagc paitillel loP uud T. Fracture eonchoidal. 
Hard, (i. Sp.gr. 2.76. Transparent to trnndu- 
eenu Lustre Vitreous, and on P and T rather 
pearly, Colour white. Streak white. 

Found in cavities in masses ol Limestone, ejected 
irum Vesuvius. f • 

Anthoph \ lute, No. 304. 

liafiv, 2.600. Phil. 69. Haul. 2.21 1 . Leon. 514. 
432 • 


Occurs in, crystalline masses, with a fibrous col uni - 
# liar struct urcT * 

Cleavage parallel to the lateral planes of a Rhombic 
prism ol P25°, uud to both its diagonals, the bright 
plane bem«j puwllel to the greater diagonal, and 

• another i in perfect cleavage transverse, and appa- 
rently perpendicular to the axis of the prism. 

Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 3.$, 3.3. 
Translucent. Lustre pearly, and inclining to Me- 

# tallic. "Colour yellowish-brown. Streak wlute. 
Found in beds of mica slate at Kongsberg and 

Moduip in Norway. 


Antimony. 

Arsenin ret of Antimony ? 9 
_ a . Arsenical Antimony, No. 38.* 

Leon. 719. 1 # # 

uccurs ta botryoidal forms. Structure scaly. Frac- 
ture granular. Sp k gr, 6.2. Opaque. KhtlL Co- 
• lour tin-white. • 

Found at Pmbram in Bohemia. 


Native Antimony. Mineralogy 

Native Antimony, No. 25. 

Hally, 4.79, Phil. 829. Haid. 2.426. Leon. 684. * 

Occurs in reuiforin or amorphous masses, with a gra- 
nular structure, the grains being crystalline 1 and 
differing considerably in size. 

Primary form a Rhomboid. Cryrt, fig. 106. P,P5=: 

117° I’5\ as inferred from cleavage, no 4 * regular 
crystals having yet been observed. Hard. 3.0, 3.5. 

Sp.gr. 6.646. Opaque. Lustre pietallie. Colour * 
tin-white. Streak the same. * 

Found in veins traversing ancient rocks, at Sahl- 
berg in Sweden, at AUemont in Dauphin^, and at 3 
Andreasberg in the Hartz. 

The arscnifeioiis native antimony appears to be an 
accidental mixture of arsenic with native antimony 
Oxide of Antimony . 

a. White Antimony, No. 409. * 

Hatty, 4.308. Phil. 331. Haul. 2.251. Leon. 335. 

Occurs in nttaehed crystals and massive. # 

Primary form a Right rhombic prism. Cuyst. fig, 

7L M,M'=]36 r> 53'. Cleavage parallel to M,M'. # 

Lustre adamantine. Fructure indistinct. Hard. 

• 2,5, 3.0. Sp.gr. 5.566. Translucent. Colour * 

. white, sometimes reddish or greyish. Streak white. 

Massive variety , earthy, investing sulphuret and native 
antimnny, and apparently produced by the decom- 
position of those Minerals. 

Found in Bohemia, Saxony, Hungary, and France. 

Sufphuret of Antimony, 
a r Grey Amimony, No. 93. 

Many, 4.291. Phil. 329. Haid. 3. 23. Leon 605. 

Cccurs m attached and aggregated ciystals and 
massive. 

Primary form a Right rhombic prism. Cryst. fig, 

71. M,M'--90* 45'. The crystals sometime* 

. capillary and flexible, like silky fibres. Cleavage 
parallel to diagonal of the prism. fracture un * 
even. Hard. 2.0. Sp.gr. 4.62. Opaque. Lustre 
metallic. Colour between lead and steel-grey, fre- 
quently with a yellow and blue tarnish. Streak the 
same. * 

Massive varieties , amoiphous, structure large fibrous, 
foliated, compact. 

Found in Hungary, France, England, Scotland, the 
Hartz, Saxony, and other places. 
h. Black Antimony i No, 94. 

Leon. 719. • * 

Occurs as a black powder in cavities in Hornsfone. 

Found at Joachimsthal in Bohemia. 

Sutphuret of Antimony and Nickel. 
a. Hartmann ite, No. 96. 

9 •Haid. 3 . 131. Leon. 615. 

Occurs in imbedded crystalline particles and maws. 

Primary form, according to llaidinger, tf Cube. Coast, 
fig. 56. Cleavage parallel to P. Fracture uneven. 

Hard, 5.0, 5.5. So.gr. 6.45J. Opaque. Lustre 
metallic. Colour whitish steel-gaey. Sfreak the 
same. 

Massive variety , amorphous. Structure granular. * 

Found in the Principality of Nassau. 

Sulpfmrct of Antimony , Lead* and Iron, 
a . Jamesonite, No. 101. 

Haid. 3:26. Leon. 748. * 

Occurs in attached crystals and massive. 

primary form a Right rhombic prism. CftYflT. fig. 

71, M,M' 20' nearly, Haiti* Cleavage 
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Miafindogy . parallel toPdiuiinct, less so parallel to M. Fracture 

' **'M "**- / Very indistinct. Hard. 2.0, 2.5. Sp.gr. 5.564. 

T)paque. Lustre metallic. Colour steel-grey, some- 
limes dark. Streak the same. 

Massive variety , amorphous. Structure large to small 
fibrous. 

Found in Cornwall and in Hungary, an/1 probably 
in other places, where it has been considered a 
r sulphuret of antimony. 

f Sulphuret of A ntimony and Lead . 

(i. <ZlNKENlTE, No. 99. 

E.J.S. 6.17, 358. 

Occurs" in attached crystals, said to be regular hexa- 
gonal prisms, and massive. 

Primary form a Rhomboid. Cryst. tig. 106. P,P ; 
uncertain. No cleavage. Fracture uneven. Hard. 
3,0, 3.5. Sp.gr. 5.303. Opaque. Lustre me- 

* • tallic, bright. Colour steel-grey. Streak the same. 

Found a^VVoU'sberg in the Hartz. 

Sulphuret of Antimony and Iron. 

, a . Berth xekite, No. J02. 

E.J.S, 7 353. 

Occurs in confused laminated masses, or elongated 
‘ imbedded prisms, resembling grey nntimony. Co- 

lour dark steel-grev inclining to brown. 

Found at Chazellos in Auvergne. 

Oxi -sulphuret of Antimony. 

a. Red Antimony, No. 410. 

, Hauy, 4.311. Phil. 331. Haiti 3.86. Leon. 608. 

Occurs in thin, ncicular crystals, generally radiating, 
sometimes promiscuously aggregated. 

Primary form, according to Phillips, a Square prism, 

* and according to Haidinger an oblique rhombic 
pi ism. * One bright cleavage, and others less dis- 
tinct. Hard. 1.0, 1.5. 8yj.gr. 4.5. Translucent. 
Lustre adamantine. Colour dull red. 

Found at Braunsdorff in Saxony, in Hungary, 
France, -and in the llurtz. 

Aplome, No. 296. 

Hafiy, 2 538. Phil. 29. Laid. 2.364. Leon. 491. 

‘"""Occurs in attached and imbedded dodecahedral crys- 
tals. 

^ Primary form a Cube. Cryst. fig. 56. Surfaces of 

the Dodecahedron striated parallel to the edges of 
P. Cleavage imperfect parallel to P. Fracture 
uneven. Hard. 7.0, 7,5. Sp.gr. 3.444. Trans- 
lucent, opaque. Lustre vitreo-resinous. Colour 
yellowish-brown. 

Found in Saxony, Bohemia. Siberia, and in small 
crystals in England. 

Apophyllite, Albin . IchtJiyopthalmite , TesseMte . 

Qxahvvrite , No. 204. 

Rafly, 3.191. Phil. 110. Haid. 2 245. Leon. 213. 

OAcurs in attached crystals and massive 

Primary form a Square prism. Cryst. fig. 65. 

109° 40'.< Cleavage parallel to P, perfect; 
less so parallel to M. Fracture uneven. Hard. 
4,5, 5.0. Sp.gr, 2.46. Transparent, translucent. 
Lustre vitreous. Colour white, occasionally with a 
yellowish, greenish, or reddish tinge. Streak white. 

Massive variety f amorphous, structure laminar. 

Found in the cavities of trap rocks, and occasion- 
ally in ber[s of the ‘older formations, in the Fa- 
roe Island#, in India, Sweden, Ntohtfay, the Bro- 
mart, Bohemia, and some other places. The Oxah* 
verite from Oxahver in Iceland * 


Arfwedsonitb, No. 279. 

Phil. 377. Haid. 3. 73. Leon. 497. 

Occurs massive amorphous. No crystalline form ob- 
served. 

Cleavage parallel to the lateral planes, and both the 
diagonals of a Rhombic prism of 128° 5V. Frac- 
ture uneven. Hard. 5.0, 5.5. Sp.gr. 8,44. Opaque. 

Lustre vitreous. Colour black. 

Found in Norway, and in Greenland associated 
with Sodalite. 

t * 

Arsenic. 

. Native Arsenic .' ^ 

a. Native Arsenic, No. 27. 

Hauy, 4.236. Phil. 275. Haid. 2.423, Leon. 676 

Occurs in reniform stalactitic and amorphous masses, 
frequently in parallel layers. Structure fine gra- 
nular. Fracture uneven. Hurd. 3.5. Sp.gr. 

5.766. Opaque. Colour of fresh fracture greyish- 
tin-white, which afterwards becomes greyish-black. 

Streak shilling. 

Found in several parts of Saxony, in Bohemia, the 
Hartz, France, fyorway, Transylvania, and other 
places ; generally in metallic veins. 

Oxide if Arsenic, 
a. Oxide op Arsenic, No. 465. 

Hafiy, 4.241. Phil. 375. llaid. 2.26. Leon. 333. 170. 

Occurs in attached octahedral crystals and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the octahedron. Frac- 
ture conchoidal. Sp.gr. 3.7. Translucent, 
opaque. Lustre nearly adamantine. Colour white, 
occasionally yellowish. Streak white. Taste sweet- 
ish astringent. 

Massive varieties , reniform, botryoidal, stalactitic, and 
amorphous. 

Found accompanying native arsenic i'll many mineral 

veins, and produced fiom the decomposition of other ^ I 

Mineruls. Is soluble in water and a violent poison. 

Red Sulphuret of Arsenic, 
a . Realgar, No. 10S. 

Hauy, 4.247. Phil. 277. Raid. 3 49. Leon. 602. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P,M = 104° 6', $,M'= 74° 15'. Cleuv- 
age parallel to P end M. Fracfr ire conchoidal. 

Hard. 1 .5, 2.0. Sp.gr. 3.556. Transparent, opaque, * 

Lustre resinous. Colour red. Streak orange- 
yellow. 

Massive varieties , amorphous, structuie granular. # 

Found principally in Hungary and Transylvania, 
also in Saxony, Bohemia, and some other places. 

“ Yellow Sulphuret of Arsenic 
a. Orpiment, No. 109. * 

Hauy, 4.247. Phil. 277. Haid. 3.47. Leon. 599. * 

Occurs in imbedded imperfect crystals and massive. 

Primary form a Bight rhombic prism. 1 Cryst. fig 
71. M,M' = 100°. Cleavage parallel to the 
greater diagonal of the prism. Fracture uncer- 
tain. Hard. 1.5, 2.0. Sp.gr. 3.480. Translucent. 

Lustre resintmflj Cplour yellow. Streak paler 
yellow. * • 1 

Massive varieties , botryoidal, reniform, nodular, some* 
times m granular, the structure of the grains rvr 
masses foliated, and the lamin© very flexible 

Found in most of the district# which yield the rpd 
sulphuret, and is like that used as a oigment. 
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Hioeralogy A UR A LITE, No. 380. 

'"**/*•*' Occurs in apparently hexagonal prisms in felspar at 
Abo in Finland. Opaque. Colour durk brown. 
Axinite. Tkumile, . Yanohte , No. 430. 

Hatty, 2.559. Phil. 43. Haid. 2.341. Leon. 454. 

Occurs in attached and imbedded crystals, and 
massive. 

Primary form a Dottblv oblique prism. Cryst. fig. 
95. P,M = 134° 40'. P # T = 115° 1 7'. M ,T = 
135° 10'. Fracture uneven. Hard. 6.5, 7.0. 
• Sp.gr. 3*27. transparent, translucent. Lustre 
vitreous. Colour bluish, greyish, reddish-brown, 
of several Shades. Streak, while. 

Massive varieties , amorphous, structure lamellar, gra- 
n id nr. 

Found in Dauphiny, and at Botalluck in C ornwall, 
and in other places. 

Azotic Gas, No. 44. • 

Is said to be contained in the Hath hot springs, and 

* to rise with the vapour from the public bath. 
Azuritb. Klaprothite , Tyrolite. Voroulite , No. 499. 

Hatty, 3.54. Phil. 94. Haid. 2.290. Leon. 136. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M f = 12l°3<)'. Cleavage indistinct. Fracture 
uneven. Hard. 5 0, 5.5. Sp.gr, 3.056. Trans- 
lucent, opaque. Lustre vitreous. Colour blue 
Streak white. 

Massive varieties, amorphous, structure granular. 

Found in Salzbutg, and in rolled crystalline masses 
in Brazil. 

Ampiiodkutk, No. 331. 

A Mineral found hi Finland, having the form, cleav- 
age, and colour of Latrobite. 

Bab i noton tie. No. 332. 

Haid. 3.73. Leon. 721. 

Occurs in attached crystals. 

Primary form a Doubly oblique prism. Chvst fig. 
95. 1\M = 92° 2f4'/ P,T = 88°. M,T = 1 12° 30'. 
Cleavage parallel to 1* and T. Fracture uneven. 
Hard. 5.5, 6.0. Faintly tumslucenl. Lustre vitre- 
ous. Colour black, iRnnetim^s greenish. 

, Found at Arendal in Norway, associated with Cleave- 
laiiditc. 

^ Barytls, 

Carbonate of Barytes, * 
a, \V,iTiiER!TE. Barohte, No. 438. 

Hatty, 2.25. Phil. 182. Haul. 2.119. Leon. 330. 

Occurs in attached crystals and massive. 

^Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' = 118° 30'. Fracture uneven. Hard. 
8.0, 3.5. Stj.gr. 4.3. Transparent, translucent. 
Lustre vitreo-resinous. Colour white, sometimes 

# greyish oi* yellowish# Streuk white. 

Massive varieties^ globular, botryoidal, renifonn. 
Structure, large, fibrpus, sometimes granular. 

Found principally in England, in Shropshire, Lan- 
cashire, Durham, and Westmoreland, and occa- 
sionally in small quantities in Siberia, Hungary, 
and other places. * 

m Carbonate of Lime and Barytes., 

eg. Baryto calcite, No. 443. 

Haid. 3.76. Leon. 327. 

Occurs iu attached crystals and massive. * 

Primary form an Oblique rhombic prism. * Cryst. 

%. 83# P t M as , M,M' as 

TO U VI. ■' 



Cleavage para.lel to P and M, distinct. Frectur* 
uneven. Hard. 4,0. Sp.gr. 3,66. Transparent, 
translucent. Lustre vitreo-resinous. Colour w Kite, 
sometimes yellowish or green nth. Streak whitjp. 

Massive varieties , amorphous. Structure gramtl o . 

Found at Alston Moor, Cumberland# 

Sulphate of Barytes. 

a. Barosklknite. Bolognian Spar . Catrk , No, 527. 

Hatty, 2.5. Phil. 183. Haid. 2.121. Leon. 255. 

Occurs crystallized and massive. » 

Primary form a Right rhombic prism. Cryst. fig. 7?. 
M,M'= 101° 42'. Cleavage parallel to P # and M. 
Fracture conch oitlnl. Hard. 3 0, 3.5. Sp.gr. 4 416, 
4.7. Transparent, translucent. Luxiiv viireoiib. 
Colour while, blue, yellow, brown, stieak white. 

Massive varieties , occasionally globular, renifonn, 
amorphous. Structure fibrous, granular, compact. 

Found in several localities in most Countries, and m 
different geological positions. # 

Sulphate of Barytes and Fin ate of Lime, 
a. Baryto- fluorite, No. 528. 

An. 16.48. 

Occurs in a vein in coarse shell limestone in D i|)\- 

* shire, and nearly resembles fine compact gie\ iime- 

4 stone. Haid. 4. Spgr. 3.75. 

Bkrgmannite. ^preiistein, Jladiolite. of Esmnrk\ No 
333. 

Hatty, 4.4S4. Phil. 200. Haid. 3 77. Leon. 474. * 

Occurs massive, amorphous. Struct me fibrous some- 
times radiating. Hard 7.0, 7.3. Sp.gr. 2 3 Opaque. 
Colour greyish-white, dull yellow, ami red Lu.ne 
pearly. 

Found near Stavern in Norway* * 

Biotine, No. 334. 

The crystals of this substance appear to correspond in 
form and measurement with those of Anorthite. of 
which they will probably be found to be* a variety.*. 

Bismuth. 

Arsen in ret of Bismuth? m 

Arsenical Bismuth, No. 34. 

Haid. 3.74. Leon. 720. 

Occurs in aggregations of small globular forms. 
Structure fibrous or curved lamellar. Fracture un- 
even. Soft. Heavy. Lustre resinous. Colour 
dark hair-brown. # 

Found at Schneeberg in Saxony. 

Carbonate of Bismuth, 

Aonesitr, No. 456. 

B.M. Tab. 314. Phil. 274. Leon. 787. 

Resembles steatite, but more earthy, and harsher to 

• Ihe touch. 

Found at St. Agnes, Cornwall. 

Silicioyjt Carbonate of Bismuth. * # 

Bismuth-ri.fndf., No. *457. 

E J.S. 7.342. 

Occurs in attached crystals, and in gloHiilar and sta- 
lactitic masses. 

Primary form a Cube* Cryst. fig. 56. Cleavage 
imperfect* Fracture conchoidal. Hard. 4,5; 5.0* 
Sp.gr. 5.9, 6 0. Translucent, opaque* Lustre 
bright resinous. Colour reddish and yellew-*h- 
brown. ’ Streak yellowish-gVey. 

Found at Schneel>erg in Saxony. 

NatiYe Bismutu, No. 9. 

Hutiy, 4*202* Phil. 27 Haid. 2.43 1 lucm* 893. 

3 • 
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gflineraio^y Occurs crystallizer! and massive. 

'Primary form h Cube. Crist. fig;. 50. Cleavage pn- 

* rallcl to planes of Mod. a . Fracture indistinct. 
Hard. 2.01,2.5. Sp.gr. 9.737. Opaque. Lustre 
metallic. Colour of fresh cleavage reddish-silver- 
whitc, but tarnishes on exposure to air. Streak 
unchanged. 

Massive varieties , amorphous, structure granular 

Found in several mines in Saxony, and in most other 
mining districts of Europe. 

L Oxide of Ihsmuth . 

a . Bismuth Ocnur, No. 137. 

Hatty, 4.214. Phil. 274. Leon. 561. 

Occurs massive, amorphous, sometimes minutely dis- 
seminated. Fracture earthy. Soft. Sp.gr. 4.7. 
Opaque, Dull. Colour greenish or greyish-yellow. 

Found in Saxony and Bohemia. 

Seleniunt of Ihsmuth and Tellurium . 
a . Bast;naite, No. 46. Leon. 589. 

Occurs in small, imbedded, laminated masses. Sp.gr. 
7.S Lustre metallic. Colour between steel and 
lead-grev. 

Found at Bastnaes in Sweden. 

S v Iph it ret o f Ih S7 n u l k. 
a. Bismuth glance, No. 84, 

Hatty, 4 210. Phil. 273. llaid. 3.19. Leon. 616. 

Occurs in attached and imbedded crystals, and 
massive. 

Primary form a Right rhombic prism. Cuyst. fig. 71. 
M,M' about 9L°. Cleavage parallel to 1\ and to 
the greater diagonal of the pnsm. Fracture indis- 
tinct. Opaque. Lustre metallic. Colour lead to 
steel-grey. Streak the same. 

Massive, varieties , amorphous, structure granular or 
fibrous, the fibres promiscuously aggregated. 

Found sparingly in Saxony, Bohemia, Hungary, 
and some other places in Europe, and in England 
in Cornwall and Cumberland. 

Sulphured of Bismuth and Copper, 
a . Cupreous Bismuth, No. 85. 

Phil. 274. Haul. 3.91. Leon. 619. 

-rn( Occurs massive. Structure small-fibrous. Fracture 
uneven. Opaque. Lustre metallic Colour lead- 
grey to steel-grey. 

Found at Furstenberg, in veins accompanying other 
ores of bismuth, cobalt, &c. 

Sulphur el of Bismuth, Lead , and Copper, 
a. Needle ore, No. 86. 

Phil. 274. Haid. 3,130. Leon. 618. 

Occurs in imbedded prismatic crystals, in quartz. 

Fiacture uneven. Hard. 2.0, 2.5. Sp.gr. 6.125. 
Opaque. Lustre metallic. Colour dark lead-grey. 

Found near Catharinenburg in Siberia. 

Sulpho~te.Uu ret of llmnuth. 
ft. BoaNiTk. Telly ret of Bismuth, No, 20. 

Occurs in imbedded, imperfect, rhombic und hexagonal 
crystals, and small foliated masses. 

Primary form a Rhomboid. Crykt. fig. 106. The 
crystals macled in several directions. Cleavage 
perpendicular to the axis, very distinct Sp.gr. 7.5. 
t Lustre highly metallic. Colour bright steel-grey. 

Found at Schoubkan, near Schemnitz, Hungary. 


Translucent. Lustre pearly. Colour greyish and yet- 
lowish-white. Streak white. Taste slightly acid 
and hitler. Sp.gr. 1.480. A 

Found at Volcano, one of the Lipttri Islands, and in 
other volcanic districts. 

Bovelite. Pseudo Sommitc, No, 835. 

Phil. 126. Leon. 468. 

Occurs in attached hexagonal* prisms. 

Primary form a Rhomboid. Cryst. fig. 106. Trans- 
parent. Lustre vitreous. Colour white. Streak 
white. 

Found at Capo di Bova, near Rome, and has hitherto 
been distinguished from Nepheline only by its not * 
gelatinising in acids as that Mineral does* Its 
secondary forms, if observed, have not been de- 
scribed. 

Breislakite, No. 568. 

Haid. 3.80. Leon. 722. 

Occurs iu capillary brownish fibres, covering ami 
filling cavities in some of the substances ejected 
from Vesuvius. It is said to contain a considerable 
portion of copper, hut its other constituents are not 
known. 

Brf.wstlrite, No. 216 

Phil. 200. Haid. 3 SO. Leon. 193, 723. 

Occurs in attached cnstals. 

Primary form an Oblique rhombic prism. Cryst, 
fig. S3. 1\M about 92°, M,M'~136°. CIcu\- 

age parallel to the oblique diagonal. Fracture 
uneven. Hard. 5.0, 5.5. Sp.gr. 2.2. Transpa- 
rent, translucent. Lustre vitreous. Colour \el- 
lowish and greyish-while, and occasionally colour- 
less. 

Found at Strontian in Scotland. 

Bronzite. No. 286 

Hatty, 2 455. Phil. 25.71. Haid. 2 207. Leon, 518. 

Occurs in massive aggregations of columnar crystals. 

Cleavage parallel to the lateral plane and both diago- 
nals of a Rhombic prism ot 93 y 30'. Fracture 
uneven. Hard. 4.0, 5,0. Sp.gr. 3.25. Trans- 
lucent. Lustre vitreous, pseudo-metallic on cleat - 
nge planes. Colour greenish or greyish-brown. 
Streak lighter colour. 

Found in serpentine in Stiria, in greenstone in the 
Hartz, and in oilier places. 

Bijckl\nditf m No. 336. 

An. n.s. 7.134 fluid. 3.83. Leon. 725. 

Occurs in attached crystals. 

Primary form on Oblique rhombic* prism. P,M = 
108*56'. M,M / = 7O°40'. Levy. Opaque. Co- 
lour dark brownish -black. 

Found near Arendal iu Norway, mid at Laacli on the 

, Rhine. 

Burtamitk, No. 274. 

S. 18.392. 

Structme hladed. Hard. 6.5. Sp.gr. 3.1, 3.3. Nearly 
opaque. Colour grey, greenish, ancl reddish. 

Found in Mexico. 

Cadmium. A metal found in small quantities ac- 
companying zinc in several of its ores, particu- 
larly iu tke fibrous blende from Prxibram in Bo- 
hemia. 


Boracic Acid. Samlin, No. 423.- Cakoo.v. 

Ha3y, 1.297. Phil. 144. Haid. 2.25. Leon. 146. 

Occurs naturally in scaly or gttiniilar crystalline ag- a . Diamond, No. 40. 
giegatiooa, which tue very friable. ilufiy, 4.419. Phil. 361. Raid. 2.306. Lean. 660, 
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Occurs in imbedded crystals in alluvial ground. 
Primary form si Cube. Cryst. fig. 56. Cleavage pa- 
rallel to the plunes of the regular octahedron, very 
distinct. Fracture couchoidal. Hard. 10.0, Sp.gr. 
3.52. Transparent, but sometimes rendered opaque 
by foreign matter. Lustre adamantine. Colour 
white, sometimes grey, blue, green, yellow, red, 
brown, black. Streak greyish. 

Found in the East Indies and in Brazil. 

Jt, Coal. 

k Not bituminous. % Anthracite, No. 4 1. 

Hauy, 440. Phil. 364. Haid. 3.G4. Leon. 672. 803. 

Occurs massive, amorphous*. Stnietvire columnar, 
compact Fracture couchoidal. Hard. 2.0, 2.5. 
Sp.gr. 1.4, 1.5. Opaque. Lustre imperfect me- 
tallic. Colour grey to non-black. Streak the same. 

Found in most Countries. 

b. Bituminous. No. 586. * 

Hauv, 4.459, 470. Phil. 370, 371. Maid. 3.61 Leon. 

This includes the common, the Cantu 7, ami all the va- 
rieties ol fossil coal. 

Occurs massive, amorphous. Structure foliated, 
granular, compact, earthy, and resembling wood. 
Fracture conchoidal, uneven. Lustre resinous, of 
different degrees. Colour black, brown, brownish, 
and gree n i s h - y cl 1 o w . 

Found in most parts of the World, associated with 
vegetal) le organic remains. 

\ , f i'ooft Coal, Lignite. No. 574. 

Phil. 372. 

Occurs massive. Structure fibrous, compact, resem- 
bling wood. Fracture of some varieties conchoidal. 
Opaque. Lustre resinous, dull. Colour brown, 
of several shades, to black. 

Found in several parts of Europe and America. 

d. Paper Coat, Dysodilk. No. 575. 

N.J.24 2^3. •Phil. 372. 

Occurs in amorphous masses. Structure foliated, the 
leaves thin and* a little flexible. Sp.gr. 1.146. 
Opiupie, hutbecoines translucentafter immersion in 
water. Colour greenish and yellowidi-grey. When 
burned it produces ;# strong and letnl bituminous 
, odour. 

* Found in a thin stratum between two beds of secon- 

dary limestone at Mthlli, near Syracuse in Sicily. 

c Bitumen. « 

Haiiv, 4,452. Phil, 366 to 36$. Haid. 3.59. Leon. 

.797. 799. SOI. 

* a. Liquid. Naphtha. No. 580. 

Transparent. Colourless, or slightly tinged with yel- 

• low. Odour peculiar, termed bituminous. 

Found chiefly on the coast of the Caspian Sen. 

b . Pi sad. Petroleum, No. 581. , 

Slightly* translucent. Colour dark reddish-brown. 

# Odour bAumiuous.. 

Found in muny ports of Europe and America, but 
chiefly iq Asia, flqwing from beds associated with 
coal strata. As much as 400,000 hogsheads is said 
to be collected annually in the Birman Empire. It 
is also abundant in Persia. 

e. Elastic. Elaterite, No. 582. , 

m Soft, flexible, Opaque. Colour* brown, sometimes 
greenish. Odour bituminous. 

Found only in the Odin mine, near Castleton, Derby- 
shire. * 

* d Earthy . Maltha. • 

Lees free from extroaeous-tnalter that* the preceding 
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varieties, to which circumstance it probably owes its Mineialogy 
earthy character, * J 

Fracture uneven. Soft. Opaque. Colour bhtekikh* 
brown. Odour bituminous. 

Found chiefly in Persia, and less frequently in other 
places than the other varieties. 

e. Earthy , containing; Benzoic Acid. Murinuo* 

Q.J. n.s.*3,387. 

Occurs massive. Fracture emlhy. Yields to the 
nail. Floats in water. Opaque. Dull, Colour ex- * 
ternally blackish-brown, internally lighter. Taste* 
hot and peculiar. Smell pungent 
Found at Murindo, Province of Clioco, Columbia. i 

f. Compact . Asphaltum. Jew's Pitch, No. 585. 

Fracture conchoidal. Hard. 2. Spur. LI6. Opaque. 

Lustre vitreous, resinous. Colour brown to black, 
round in Albania, on the shores of the Dead Sea, 
in considerable quantities; in the Islands of^Jar- 
badoes and Trinidad, and occasionally in other 
places. 

Jt is supposed to have been used by the Egyptians in , 
embalming the bodies of the dead, and lias been 
employed in the West Indies instead of pitch for 
• calking the bottoms of ships. 

These varieties of bitumen pass by insensible degrees 
from the transparent fluid to the opaque solid, and 
hence they are regarded as appertaining to the same 
Mineral species. 

D. KmNASPHALTUM, No. 577. s 

Phil. 375. Ilaid. 3.146. Leon. 793. 

Occurs in amorphous iumpsof different sizes, imbedded 
in wood coal. Fracture unpei feet, concl 10 idal. Hard, 

1.5,2 0. Sp.gr. 1,135. Opaque. Lustre resinous. 

Colour pale brownish-yellow. * 

Found at Rovey Tracey, Devonshire, and is also said 
to have been found at Halle and some other places 
on the Continent, accompanying earthy brown cool, 
and of different colours. * ^ 

i*. Fossil Copal. Hiahsrate R.esin, No. 578. 

Phil. 375. 

Found in blue clav at Ilighgate near London, ami at 
Wnlehow in Moravia, in small nodular masses.*"'*** 
Fracture conchoidal, Sp.gr. 1.046. Nearly opaque. 

Lustre resinous. Colour dull brown. 
r. Am hek, No. 576. 

Plul. 373. Haid. 3.57. Leon. 791. 

Occurs in nodular masses, sometimes very small. 

Fracture conchoidal. Hard*. 2.6, 2.5. Sp.gr. 1.08. 
Transparent to opaque. Lustre resinous. Colour 
yellowish-white, brown, red, yellow. Streak 
vv bile* 

Found on the coasts in the Baltic, and in beds of 
» • wood coal in several places in Europe and other 

Countries. 

G. IIatcheitne. Mineral Adipocire, No.' 579. * 

An. 1.136. Phil. 374. Haiti. 3.106. Lmi. 795. 

Occurs in thin flakes and in granular masses in pviti«* 
of lune or ironstone. Very soft, and light. The 
flakes translucent, with a slightly glistening and 
pearly lustre, the granular mosses opaque and dull. 

Colour yellowish-white, and wax and greenish- 
yellow, without odour and not elastic. Combusti- 
ble. 

Found at* Merthyr Tydvil in South Woles. 
it. Native Naphthaline, No. 587. 

QJ. 4.446. 

Occurs crystalline, cleavable in some directions, with 
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Winmalogy a eonchoidal fracture in others. Sp.gr. 1.0, 1.5. 

Transparent. Lustre adamantine. Colour white, 

* yellow, green. Has the appearance of Tulc. 
pound in the fissures of bituminous wood in the coul 
formation of Urnach, Canton ot St. Gall, 
i. Scuereiute, No. 588. , 

QJ. 5.481. 

Occurs between the fibres of fossil wood in acicular 
* crystals, and small layers. Translucent. Lustre 

nacreous. » Colour white or yellowish white. 

# Found at Urnach, Canton of St. Gall, Swisserlaud, 
t in a coal formation. 

C A VOL i MITE, No. 337. 

The crystalline lorms of this Mineral correspond very 
nearly with those of Nepheline and Davyue; 
.but its lustre is highly pearly instead of vitreous, 

# and* it may be cleaved with much greater facility. 

It is, foil lid at Mount Vesuvius. 

Cereolitc, No. 33s. 

• The Marquis de Dree first gave this name to a soft, 

yellowish waxy looking substance occurring in a 
greyish matrix, in small irregular nodules. Seve- 
ral other soft Minerals, differing in many of their cha- 
racters from that of De Dree, have since passed under 
the same name, blit them do not appear to be any 
published descriptions or analyses of them. 

De Dice’s Mineral was found near Lisbon. 

Curium. 

a . Camion ate of Cerium, No. 455 
K.J.S. 3.334. Leon. 7*0. 

Occurs- in white crystalline coatings on the Cc rite 
ot Bastnaes, in Sweden. 
t). Fluate of Cerium, No. 5 »9. 

Phil. 260. Ilaid. 3.100. Leon. 571. 

Is said to occur in six-sided pi isms, plates, and amor- 
phous masses. Colour reddish. No other charac- 
ters given. 

Found very sparingly at Fmho, Broddbo, and Bast- 
naes, near Fahhm, in Sweden. 

C. SlIB-FLUATE OK CkIU'JM, No. 510. 

Phil. 266. Ilaid. 3 101. Leon. 243. 

Resembles porcelain jasper, but with traces of crystal- 
lization. Colour yellow. 

Found at Finbo in Sweden. 
d. Fmivtk of Cfi^um*and Yttria, No. 511. 

Phil. *207. Ilaid. 3.101 

Octuis in small imbedded masses, and sometimes 
thinly investing Gadohmte. Earthy. Soft. Colour 
red, ofdifferom shades, yellow, white. 

Said, by Berzelius, to be a mechanical mixture of the 
fluates of yttria and of cerium with silica. 
e: Yttro-Qsrite. Fluate of Cerium, Yttria , and Lime, 
No. 512. ’ 

Phil. 265. Fluid. 3.172. Leon. 573. 

Occurs massive, structure granular, compact. Frac- 
ture uneven. Hard. 6.5. Sp.gr. 3.447. Opaque. 

' 1 Colour violet-blue, grevish-red, und greyish-white. 

Found at Finbo and Broddbo in Sweden. 
f. Silicate of Cerium, No. 171. 

EJ.S. 6.357, Leon. 227. 

Occurs in small imbedded nodules and hexagonal 
prisms, in magnesian carbonate of lime. Cleavage 
parallel to the Intend planes. Fracture uneven. 
Translucent. Colour pale yelJowish-brown. 


Found at Santa F<£ de Bogota, accompanying (be 
precious Emeralds from that locality. 

Silicate of Cerium and Iron . 

a. Cerite, No. 170. 

Hatty, 4.393. Phil. 263. Haid. 2.394. Leon. 227. 
Occurs in amorphous imbedded masses. Structure 
fine granulur. Fracture uneven. Hard, 5.5. 
Sp.gr. 4,912. Slightly translucent. Lustre resin- 
ous. Colour pale dull red, sometimes greyish. 
Streak white. 

Found near Riddarhittan in Sweden, imbedded wi 
or accompanying Cerine. 

b. Cerine, No. 319. • * 

Hatty, 4.395. Phil. 265. Haid. 2.395. Leon. 481. 
Occurs massive, and rarely in attached imperfect 
crystals. Hard. 5.5, 6.0. Spgr. 4. 173, Opaque. 
Lustre imperfect metallic. Colour brownish* blade. 
Streak brownish-grey# 

Found near Iliddarhuiuu in Sweden. 

c. Ali.anite, No. 320. 


Haid, 3.68. Leon. 481. 

Occurs crystallized and massive. 

Primary form is said by Phillips to be a Squure 
prism, und by Haidinger, a Doubly oblique prism, 
whence it appears that two different Minerals 
have been described under the same name. Frac- 
ture, according to Haidinger, imperfect con- 
choidal. Hurd 6.0. Sp gr. 4.0. Opaque. Lustre 
impelled metallic. Colour brownish-black. Streak 
greenish-grey. 

Found at Alluk. East Greenland. 

The Allunite of Phillips is pinbubiy the Fergnsonite 
of Haidinger. 

Silicate of Cerium, Iron , Alumina, and Lime . 

a. Orth i rr.. No. 327. 

Phil 20 5. Ilaid. 3.133. Leon. 210. 

Occurs in small, slender, columnar, -imbedded masses. 
Fracture cundioidnl. Hard. 6.0, 7.0. Spgr. 
3.2SS. Opaque. Lustre vitreous. Colour brown- 
ish-black. Streak brownish-grey. 

Found at Finbo in Sweeten, in a granitic vein, tra- 
vel sing gut'iss, and, »n hfigur r imbedded masses, in 
Finland. 

b. Pyhokthitr, containing Carbon, No. 328. 

Phil. 265. Maid. 3.142. Leon. 773. 

Occurs in single or aggregated, slender, columnar 
masses, imbedded in granite or quartz. Fracture 
conclioidal, uneven, earthy. Hard. 2.5. Sp.gr. 2 19. 
Opaque. Lustre resinous. Colour brownish-bluck. 
the same. 

Found near Fahlun in Sweden. ‘ 


ClIABASIE, No 205 , 

Hatty, 3 103. Phil. J38, Haid. 2.232. Leon. 198. 
Occurs in attached crystals. 1 , 

Piiumry form a Rhomboid. Cryst. fig. 106. P,P' 
= 94° 46'. Cleavage parallel to P, nearly distinct. 
Fracture uneven. Hurd. 4.0, *4.5, Sp.gr. 2.1. 
Transparent, translucent. Lustre vitreous. Colour 
white, sometimes reddish or yellowish. Streak 
white. 

Found in the Faro Islands, in Iceland, in many partu* 
of Europe, and in America. 

Chiastoute. Crucite . Made , No. 186. 

Hiitii« 2.365. Phil. 20L Haid. 3.84. Leon. 726. 
Occurs in imbedded crystals in clay-alute. 

Primary form unknown. 1 he crystals art nearly 



MINERALOGY. 


485 


tfiivef&logy Square prisms composed of a greyish or reddish 
" ji ^ substance, enclosing a central black prism, and oc- 

casionally four others within its lateral edges, con- 
nected with the central one by four black thin plates. 

Cleavage parallel to the lateral planes. Fracture 
splintery. Hard. 5.0, 5.5. Sp.gr. 2.944. Trans- 
lucent, opaque. Lustre vitreo-resinous. Colour 
greyish and yeltowish, or reddish-white. Streak 
white. 

Found in many parts of Europe and America. 
•Childkenite, No. 2>02. 

QJ.S. 16.^74. Haul. 3.85. Leon. 137. 72S. 

Occurs in minute attached erystals. 

Primary form a Right rhombic prism. M,M=92° 48'. 
Fracture uneven. Hard. 4.5, 5.0. Transparent, 
translucent. Lustre vitreous. Colour yellow. 
Streak white. 

Foupd in the neighbouriiood of Tavistock in Devon- 
shire, and at Criunis in Cornwall. 

CHLOUOFH ARITF., No. 173. 

Mttcculloeh, Western Isles, 1.504. Phil. 202. (laid. 
3.86. Leon. 729. 

Occurs in small masses imbedded in basalt. Frac- 
ture cotichoidal. May be scratched by a quill. Sp.gr. 
2.02, Transparent, opaque. Lustre vitreous. Colour 
green when first broken, but u (ter wards becomes 
black. 

Found in the Isle of limn, in Fifeshire,and in Iceland. 

Okidf. of Cm home. No, 419, 

Phil. 271. Leon. 557. 

Occurs in compact or pulverulent masses, routing or 
tilling' cavities in the chromate of iron at Fust, 
one of the Shetland Hes. Structure of the com- 
pact approaches to crystalline. Translucent. Lustre 
resinous. Colour gr.ivs-gieen and pale-yellow. 

It is also found colouring granular quart/, at Ecou- 
clietz in Hifrgumly. 

Chrysoberyl. Cymnphanv , No. 324. 

Huiiy, 2.303. Plul.S9. Haul. 2.304. Leon. 539. 

Occurs in loose crystuls in alluvial deposits in Brazil, 
and in imbedded crystals at lladdam and Saratoga, 
North America.* * 

• Primary form a Right rhombic prism. M,M'~ 120°. 

Cleavage parallel to P, and to the short diagonal of 
the prism. Fracfhre eonelioidal. Hard. 8.5. 
Sp.gr. 9t754 to ^Transparent^ translucent. Lustre 
vitreous. Colour yellowish and brownish-green. 

* Frequently with a bluish opalescence. Streak 
white. 

Found in Brazil and North America. 

Chusite, No. 339. 

Phil. 202. Leon. 533. 

A Mineral found by Saussure in the porphyritic rocks • 
near Limbonrg, and imperfectly described as oc- 

• curring massive orgranular. Translucent. Lustre 
greasy. 

Cleavelanwte. Albite. Siliciow Spar , No. 227. 

Hatty, 3.70. Phil. 113. Haid. 2.255. Leon. 417. 

Occurs in attached crystals and massive. 

Primary form a Doubly oblique prism. P,M=93° 
30'. I\T=115°. M,T=ll9°30f. Cleavage po- 

* rnllel to the primary planes! Fracture uneven. 
Hard. 6.0. Sp.gr. 2.61, 2,68. .Transparent, trans- 
lucent Lustre vitreous. Colour white, prey, 
pale blue, greenish, red. Streak generally white. 

Massive varieties amorphous. Structure lahmiar. 

Found in Dfrttphinjr, at St Gothard, and generally 


accompanying felspar in moat of its numerous to* Miner nlagy 
calities. 

i 

Cobalt . 

$ 

Arscniatc. of Cohalt. 

a . Red Cobalt. Cobalt bloom , No. 472. 

II auy, %.232. Phil. 281. Haid. 2. 184. Leoy. 

162. 

Occurs sometimes in attached thin crystals, but oen$ * 
rally as fine fibres, forming small globular tufifi,^>r 
evenly coating the matrix, and also pulverulent 
and massive. • * 

Primarv form an Oblique rhombic prism. Cryst. 
fig. 83. 1\M = 101° 13'. M,M'=55° U/. Cleav- 

age parallel to a plane passing tlirongh the oblique * 
diagonal, very distinct. Hard. 15, 2 0. Sp.gr. 

2.948. Transparent, translucent. Lustre vitreous. 

Colour red, of various shades, sometimes pearl or 
greenish-grey. Streak lighter colour. Splits easily 
into thin lamime, which are very flexible. 

Massive variety amorphous ; structure fibrous, often 
radiating. 

• Found principally in Saxony and Bohemia. * 

Aw Roselite? No. 473. 

An. N.fi. 8 439. 

Occurs in attac hed crystals on greyish quartz. 

Primary form a Right rhombic prism. Cnvsr fi$„ 

71. " M,M # =:I25 b 7'. Cleavage parallel to 1^. 

Fracture cotichoidal. Hard. 3 0 Translucent. 

Lustre vitreous. Colour deep rose-red. 

Found at Schueeberg in Saxony. 

Arscniuret of Cohalt. ? 
i. White Cobalt, No. 29. 
llaiiv, 4 219. Phil. 278. Haid. 2,152. Leon, 

654. 680. 

Occurs in imbedded crystals, generally single, ant 1 
massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the primary pianos, very distinct. Frae 
tuie uneven. Hard. 5.5. Sji.gr. 6.3. Lustre me- 
tallic. Colour silver-white. Streak grey ish-hlaci£«*w . „ 
Massive vanety amorphous ; structure granular. 

Found in Norway; m fine crystals at Tunaberg in 
Sweden ; in Silesia, and in Cornwall. 

b. Hard white Cobalt, No. 30. 

E.N.PJ. 3.271. 

Occurs crystallized. Prim;rt*v ffirm a Cube. Cryst, 
fig. 56. Cleavage parallel to the planes of the 
cube distinct ; less so parallel to Mod. o, and still 
less parallel to Mod. a. Sp.gr. 6.74, 6.84. ])is 
tinguished from white cobalt by its more distinct 
• cleavage and greater sp.gr. 

Found at Skutterud in Norway. 

c . Radiated white Cobalt, No. 31. 

Haid. 2.454.* Leon. 162? 

Is said to crystallize in Rhombic, prisms, but no dis- 
tinct characters of it have been given. 

Found at Schneelierg in Saxony. 

d. Rhombic white Cobalt, No. 32. * 

Found at Hokambo in Sweden, having the bright 

lustre of ursenicul cobalt, and the form and mea- 
surements of arsenical iron. No analysis or de- 
scription has been given. # 

Sulpho-arseniv ret of Cobalt and Iron . 
a. Grey Cobalt, No. 43. t 

Hady, 4.225, Phil, 278. Haul. 2.455 -Leon. 6.80. 
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Occur* in attached crystals and massive. 

Pljmary form a Cube. Cryst. fig. 56. Cleavage 
parallel to tlie plane of the Cube, Octahedron, and 
Rhombic dodecahedron, indistinct. Fracture un- 
even. Hard. 5.5. Sp.gr. 6.466. Lustre me- 
tallic. Colour greyish-tin-while. Streak greyish- 
black. , 

Massive varieties, reticulated ; amorphous. Structure 
granular, compact. 

Found principally at Schneeberg in Saxony, and in 
Bohemia. Used in the manufacture of Small. 
b. (Urey cobalt? No. 114. 

Brit.Min. tab. 472. 

Js described as amorphous. Fracture uneven, like 
broken steel, and very brittle. Sp.gr. 5.5, 7.2. 
Lustre metallic. Colour ratiier dull steel-grey. 
Streak brighter. 

FouikI at Dolcoalh mine in Cornwall. 

The whir.e and grey ores of cobalt require a more 
precise examination than they have hitherto re- 
ceived, which will probably separate them into dis- 
tinct species. 

Co bat to- b ism uthi c A rsenic . 
a. Kkhstenitr, No. 33. 

E.J.S. 6,355. Leon. 720 ? 

Massive. Structure fibrous, imperfect radiated, rather 
* porous. Sp.gr. 6 0 , 6 . 7 . Lustre nearly metallic. 

Colour between tend ‘grey and steel-grey. 

' Found at Schneeberg in Saxony. 

Oxide of Cobalt and Manganese, 
a. Earthy Cobalt. Cobalt ochre , No. 129. 

Hauv, 4.230. Phil. 2bl. Haid. 3?S. Leon. 162.3, 
238.9. 

Occurs in botryoidal, stalactitic, and amorphous 
masses. Stiucturc fine granular, earthy. Soil. 
Spgr. 2.2. Opaque. Colour bluish-black, brown- 
ish, and yellowish. Streak shining. 

Found iif Hessia, Thuringia, and other depositaries 
of the ores of cobalt. 

It is not improbable that the brown and yellow varie- 
im . « ties may upon further examination appear not to 
belong to one species. 

Sulphate of Cobalt, 
a. Sulphate of Cobalt, No 547. 

Phil. 282. Haid. 3 145. Leon. 114. 

Occurs in small globular, stalactitic, and amorphous 
masses, thinly .investing other Minerals. Soft. 
Soluble m water. Translucent. Lustre vitreous, 
often dull externally. Colour pale rose-red. 

Found among the mining heaps of old mines at 
Bieber, near Hanau, and in Salzburg. 

Sulphiiret of Cobalt . 
a. Sulphurkt OF Con ALT, No. 75. 

Phil 2S0. Haul. 3.88. Leon. 653. 

Occurs in imbedded amorphous masses. Structure 
fine granular, compact. Fracture uneven. Lustre 
moiallic. Colour steel-grey, with a reddish tarnish. 

■ Streak grey. 

Found at Riddarhittan in Sweden. 


Com ptonjte, No, 340 . 

Phil. 201. Haid 3.89. Leon. 193. 730. 

Occurs ill attached crystals in the cavities of fragments 
of an amygdaloidabrock at Vesuvius. 

Primary form a Rrghlrhombic prism. Cryst. fig. 7L 
M,M's:91 0 , CleaVage parallel to both diagonals 
of the terminal planes. Fracture uneven. Hard. 


5.0, 5 5. Transparent, translucent. Lustre vltre- Mmewtogy 
oiis. Colour white. Streak white. '*~***m*s 

Found at Vesuvius, and in a trap rock in Bohemia. 
Condrodite. Brucite. Maclureite, No. 515, 

Hatiy, 2.476, Phil. 97. Haid. 3.87. Leon. 533. 

Occurs in imbedded, rounded nodules of various sizes, 
generally small, the larger ones sometimes pro- 
truding into cavities in the matrix, and presenting 
crystalline forms not yet described. 

Cleavage described as parallel to the lateral planes of 
a Rhombic prism of 124°. Fracture uneven. Hard 

6.5. Sp.gr. 3.2, 3.5. Transparent, translucent. 

Lustre vitreous. Colour yellow to brown. 

Found in Finland, and in several parts of North 
America. And it is probable, from the difference 
in appearance of different specimens, that the name 
has been given to two or more different substances. 

Copper . 

Arseni ate of Copper. 

Right prismatic. 

a. Linsenerz. Octahedral Arse mate , No. 477. 

Hniiy, 3.509. Phil. 316. Haid. 2.160. Leon. 172. 

Occurs in attached, obtuse, octahedral crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,iVl' — 107° 5'. Levy. Cleavage parallel to the 
primary planes. Fracture uneven. Hard. 2.0, 

2.5. Sp.gr. 2.926. Transparent, translucent. Lus- 
tre vitreous. Colour light blue and occasionally 
dull green. Streak pale blue or green. 

Found in Cornwall near Redruth, and in Hungary. 

b. Oi.ivf.nitf. Ohvenerz , No. 478. 

Hctuy, 3.510. Phil. 319. Haid. 2.164. Leon. 168 
Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M'= 110° 310. Levy. Cleavage parallel to the 
primary planes. Fracture uneven. Haiti. 3 0. 

Sp.gr. 4.28. Transparent, translucent. Lustre 
vitreous, bright. Colour various shades of green, 
generally inclining to olivt Streak paler green. 

Massive varieties , globular, mitforrn, nodular. Struc- 
ture fibrous, occasionally granular, compact. 

Found in Cornwall near Redruth, and near Alston- 
moor in Cumberland. 

c. Euciihoitb, No. 479. 

Haid. 3.94. Leon. 173. o 

Occurs in attached or imbedded crystals. 

Primary form a Right rhombic prism. Chyst. fig. 71. 

M,M ~ 1I7°‘20 / . Cleavage parallel to M indis- 
tinct. Fracture uneven. Hard. 3.5, 4.0. Sp.gr. 

3.39. Transparent, translucent. Lustre vitreous, 

Colour emerald- green. Streak lighter green. 

Found at Lihethen jn Hungary. 

Oblique prismatic. 

a . Trh oral Aneniaie of Bournon, No. 480, 

Phil. 318. Haid. 3.144. Leon. 170. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. Cryst* fig. 

S3. P.M = 95 u . M,M' = 56°. Cleavage paiallel to 
P. Fracture indistinct. Hard. 2.5, 3.0. Sp.gr. 4.2. 
Transparent^ translucent. Lustre vitreous. Colour 
dark blue to blackish-green. Streak paler green. c 
Massive varieties, .reniform, amorphous, with a lamel- 
lar structure. 

Fouod*in Cornwall near Redruth. 

Rhofiiboidal* 

a . Copper mica, No. 481. % 
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Hafiy, 3.509. Phil. 3)7. Haid. 2.178. Leon. 171. 

V"*"' Occurs in attached crystals. 

Primary form a Rhomboid. Cryrt. fig. 106. P,P'= 
69° 48'. Levy. Crystals usually tabular, thin. Oc- 
casionally in floriform groups. Cleavage distinct, 
perpendicular to the axis, less so parallel to P. Frac- 
ture uneven. Hard. 2.0. Sp.gr, 2.549. Trans- 
parent, transliffcent. Lustre vitreous. Colour 
emerald-green. Streak rather pale green. 

Found in Cornwall near Redruth. 

• Not Crystallized. 

a. Erintte. No. 482. 

E.J.S. 9.93. 

Occurs in concentric layers, between which other 
arseniates arc found. No crystals observable. The 
surface of the layers rough, the fracture uneven, 
with slightly resinous lustre. Hard. 4.5, 5.0. Sp.gr. 
4.04. Slightly translucent. Colour emerald-green. 
Streak paler green. 

Found near Limerick. 

b. CoNiniRRiTR, No. 483. 

P.M. and An. 2.286. 

Considered by Mr. Phillips # to bean accidental de- 
posit resulting' from the decomposition of other ores 
containing copper and arsenic. 

Amorphous. bVaetnie conrhoidn). Scratched by 
glass. When cut bv a knife n polished lead-grey 
surface is produced. Sp.gr. 5.20. Opaque. Surface 
of fracture very smooth. Colour brownish-black. 
Streak black. 

Found in Condurrow Mine, near Camborne, Cornwall. 

Arscninr^t of Copper ? No. 35. 

P.M. and An 2. 287. 

Metallic. Amorphous. Yields to the knile. Malleable. 
Colour tin-while. * 

Found in Condurrow mine, near Camborne, Corn- 
wall, accoftipariN mg and coated by Condurrife. 

Carhonatfj nj Copper. 

a. Hluf. ( 'a n bon ate of Coppf.ii, No. 461. 

Ilutty, 4.3. Phil. 305). fluid. 2.167. Leon. 152. 

, Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. Crvst. fig. 
83. *P,M =s 9 l°30\ M f \l' = 98° 50'. Cleavage 
parallel to P, dull, and also to M, and both diago- 
nals, and to C^iyst. fig. 83. Fracture uneven. 
Structure tenons, large or small, parallel or diverg- 
ing, sometimes curved, and lamellar transversely to 
• the direction of the filnes. Occasionally granular, 
sometimes earthy. Hard, 3.5, 4.0. Sp.gr. 3 S3. 
Transparent, translucent. Lustre vitreous, bright. 

• Colour various shades of blue. Streak paler blue. 

Massive varieties , globular, botryoidal, reniform, sta- 

lackitic. • • 1 

Found in fine crystals at Chessy, near Lyons in 

• France, in Siberia, the Baiuiut, Cornwall, and many 
other places* 

b . Malacimtk. Green Carbonate of Copper, No. 460. 

Hafly, 3.489. Phil 810. Huid. 2.175. Leon. 155. 

Occura crystallized and massive. 

Primary form an Oblique rhombic prism. Ckyst. 
fig. 83. P,M ss 1 12*33'. M',M' = 107° 16'. The 
i crystals generally acicular, * and .too slender for 

measurement. Cleavage parallel to P and to the 
oblique diagonal of the terminal planes. Fracture 
uneven. Hard. 8,5, 4.0. Sp.gr- 4.0. T*an»pnrent, 
translucent. Lustre vitreous, bright Colour va- 
rious tfhadea of green. Strcek pater green. 


Massive varieties , amorphous, or in tuberose, globular 
reniform, botryoidal, and stalactitic shapes. Struc- 
ture fibrous, the fibres sometimes so slender as to 
appear compact, und then producing a sifkyjustre, 
and yielding a couchoidul fracture. 

Found iri the same places, general I), as the blue car- 
bonize. 

Crystals of green carbonate sometimes occur under 
the forms of blue carbonate und of red oxide, from 
which they have been produced* by some natural 
process in the mine. These are termed Epigcnt*by 
Haiiy. 

. A n«i Y imous Carbonate of Copper, No. 463. 

Phil. r IY. 1814, p. 45. An. 16. 39. 

Occurs amorphous. Structure imperfectly foliated, 
Fractui e smull-eonchoidal. Easily scratched with 
h knife. Sp.gr. 2.62. Colour dark blackish-brown. 
Streak reddish-brown. 


wwtwfry 


Found in India, N.W. of Madras, accompanying Ma- 
lachite. 

Carbonate of Copper and Zinc, 
a. Kupffrschaum, No. 464. 

Ilaid. 2.180. Leon. 756. 

Me believe that two or more different Minerals, pre- 

4 seuling nearly the same external characters, have 
been included bv different authors under this name. 

The Mineral here alluded to consists of small, silky 
tufts or globules, composed of veiy thin radiating 
leaves or leafy fibres, without any appearance *f 
crystalline form, or any observable cleavage or 
fracture. Colour bright bluish-green. 

Found in the Bunnat, and at Matlock m Derbyshire. 
Other localities are mentioned, but they po^ddy 
relate to some other Mineral. 

Ch furide o f C< tppe r . 

a. Atacamite. Muriate, of Copper , No. 6G. 

Hath, 3 484. Phil. 3J3. Haul. 3.74. Leon, 212. 

Occurs in attuclicd crystals; as it green'sand at Aia- 
cuina m Peru ; and massive. 


Primary form a Right rhombic prism. Ckyst. fig. 7 I. 
M.iYF =: lOCP. Cleavage parallel Lo P distinct,, 
less so parallel to M. Fracture uneven. Hard. 

3.0, 3 5. Sp.gr. 4.4. Translucent to opaque. 
Lustre vitreous. Colour green, of various shades, 
but chiefly dark emerald-green. Streak lighter green. 

A fassive variety , reniform, with a fibrous structure. 

Found principally at Rcrnoluio? in Chile. 

Native Copper . 
a. Native Copper, No. 8. 

Haiiy, 3.423. Phil. 296. Ilaid. 2.414. T. eon. 710 
Occurs in variously branched and aggregated crys- 
tals, in plates and massive. Primary form a Cube. 
Cryst. fig. 56. No cleavage. Fracture hacklv. 
Hard. 2.5, 3.0. Sp.gr. 7.7, 8.5. Lustre metallic. 
Colour £ed, frequently much tarnished. Streak 
shining. 

Massive varieties , generally amorphous. 

Found in Cornwall and in most other Countries, in 
veins, and occasionally in beds. ,, 

Ondc of Copper. 

a. Red Oxjue of Copper. Oxydulous Copper . When 
earthy, Tile-ore, No. 131. 

Hafly, 8.462. Phik 306. Ilaid. 2.381. Leon. 566.9. * 
Occurs in attached crystals! and mussive, occasion- 
ally iu thin plates aiid fibrous: * 

Primary form a Cube. Cryst. fig. §&"«Jet*age , 
paraHel to the planes of the regular OcUihcdrou. 



48S 


MINERALOGY. 


MmWalogy Fracture uneven. Hard. 3.5, 4.0. Sp.gr. 6.0. Tram- 
jrr^^ni J parent, translucent. Lustre adamantine, approach- 
ing sometimes to metallic. Colour red of several 
shades. Streak dull red. 

Massive varieties, amorphous. Structure crystalline and 
amorphous, or botryoidal, with an earthy structure. 

Found in most copper mines accompauyipg other 
ones of this metal. 

‘ Phosphate of Copper, 

Right, prismatic . 
a. LlBETHENITE, No. 495. 

f Haiiy, 3.519. Phil. 314. Haid. 2.166. Leon. 143. 

Occurs in small attached octahedral crystals. 

, Primary form a Right rhombic prism. Ciiyst. fig. 71, 

M,M'= 109° 30'. Cleavage parullel to P, dis- 
tinct; less so parallel to M. Fracture uneven. 
Hard. 4.0, Spgr. 3.6. Transparent, tianslucent. 
Lustre resinous. Colour dark green. Streak green. 

Found principally at Libethen in Hungary. 

Hydrous Phosphate of Copper . 

' a . TIhenitk, No, 496. 

Ilaiiy, 3.519. Phil. 31 5. JJaid. 2.173. Leon. 143. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. * 
H3. ' P,M = 97° 30'. MN'~ 37° 30'. C leavage 
indistinct, parallel to the horizontal diagonal. Fiac- 
ture uneven. Hard. 4.5, 5.0, Sp.gr. 4.2. Trans- 
lucent. opaque. Lustre vitreous. Colour various 
' shades of green, frequently blackish. Streak pale 
green. 

Massive varieties, botryoidal and amorphous. Struc- 
ture fibrous. 

Found near Rheiubrcitbach on the Rhine. * 

•S tleniuret o f Copper, 
a. Sf.lenlurlt or Coimm.r, No. 53. 

Hatty, 3.469. Phil. 304. Haid. 3.150. Leon. 394. 

Occurs massive and in thin plates in carbonate of 
lime at Smaland, Sweden. Soft. Malleable. Lus- 
tre metallic. Colour silver-white. Streak shining. 
Silicate of Copper . 

Dwptask, Emerald Copper , No. 178. 

Haiiy, 3.477, Phil. 312 Haul. 2.171. Leon. 220. 

Occurs in attached crystals. 

Primary form n Rhomboid. Crist. fig. 106. P,P' 
126° 17'. Cleavage parallel to l\ Fracture 
uneven. Hard. 5.0. Sp.gr. 8.278. Transparent, 
translucent. Lustre vitreous. Colour emerald to 
blackish-green. Streak green. 

Found in the Kirgho.sc Steppes, and according to 
Phillips, at Risbiuiya in the Uatinat. 

A. Chuvkocoll\. Copper-green, No. J79. 

Hatty. 3.471. Phil. 312. Haid. 2.15s. Leon. 219. 

. Occurs massive. 

No proper crystalline form or cleavage yet observed, 
but occurring in Siberi a and Cornwall in epigene or 
. pseudomorphous crystals, of some of the forms of 

arseniate, blue oarbonate, and red oxide of copper. 
Hard. 2.0, '3.0. Sp.gr, 2.031. Translucent. Lus- 
tre vitreo-resinqua. Colour bluish and blackish- 
green. Streak green. 

Several localities are named of this substance, but it 
is probable th.Rt they relate to very different Mine- 
rals* some of which appear to be only quartz or 
calcedony, coloured fby carbonate of copper. 

Sulphate of Copper. » 

a. Soluble, No. 684. 4 

j Hatty, 3.523. Phil 813. Haid. 4 44. Leon. 111. 


Occurs iu stalactitic, fibrous, and earthy masses, sel 

dom in crystals. * : 

Primary form an Oblique rhombic prism. CnvsT. fig. 

95. P.M = 109° 32'. P,T= 128° 27'. M,T as 
149° 2'. Cleavage indistinct, parullel to T and M. 

Fracture eonehoidnl. Hard. 2.5. Sp.gr. 2.213. 
Transparent, translucent. Lustre vitreous. Co- 
lour bright blue. Streak white. 

Found in several copper mines in this and other 
Countries. 

b. Brochantitk ? No 545. ,, 

An. n.s. 8.241. Haul. 3.8]. Leon. 724. 

Occurs in minute, thiiiy» rectangular crystals. Pri- 
nuirv form u Ui«ht rhombic prism* Cryst. fig. 71. 

1V1.M' = 114° 20k Cleavage and fracture uncer- 
tain. Hard 3.5, 4.0. Tiansparent. Lustre vi* 
treous. Colour emerald -green and blackish-green. 

Found at Catheiinenburg ir Siberia, covering mameU 
luted green carbonate of copper. 

r. Koniginf? No. 546. 

An. N.S. 11. 194. 

Primary form a Right rhombic prism, Cryst. fig. 71. 

M,M' “ 105°. Cjeavoge perpendicular to axis of 
prism. Hard. 3.5. 4 0. Translucent Lustre vi- 
treous. Colour emerald-t* reeii and blackish-green. 

Found at CulheriiKKi »urg in Siberia. 

S ntph u ret o) (. 'upper. 

a. Vitreous Coppeii, No. 77. 

Haiiy, 3.454. Phil. 297. Haid. 3 8. Leon. 566, 640. 

Occurs in attached hexagonal prisms and massi\e. 

Primary form a Rhomboid. Cryst. fig. 106. 1*,P 
sr 71° 3t/ nearly. Cleavage parallel to the hex- 
agonal pyramids corresponding to the primary 
plane. Fracture couchoiddl. Hard 2.5. S.O. 

V- 1 jiistre metallic*. Colour lead-grey, frequently 
tarnished. Streak shining. 

Massive varieties, amorphous ; stnicicire gr.tuular to 
compact. 

Found in Cornwall, finely < r\sia!!i*/,ed, and in most 
other depositories ol enppei me 

Sulphur it, of Coppir, Iron, tyc. 

a . Fa it lore. Grey Copper . N<?i 7 V. 

a. Arsenical. 

Haii>, 3.411. Phil. 300. Haid. 3.1. Leon. 648. 

Occurs in attached and imbedded crystals, and massive. 

Primary form a Cube. Cryst. fig. 56 Predomi- 
nating form the regular tetrahedron. Cleavage pa- g 

rallel to the planes of the tetrahedron, very indis- 
tinct. Fracture conchoidal. Hard. 3.0, 4.0. 8p.gr. * 
4.S, 5.1. Opaque. Lustre metallic. Colour steel- 
grey. Streak nearly the same. 

Massive varieties^ amorphous; structure granular to 
Gompuct, and sometimes earthy. 

Is found accompanying most other copper ores. 

b. Antimoniul. . * , 

Differs from the arsenical chiefly in colour, which ic 

much darker. It is also more frequently tarnished 
on the surface, presenting a remarkable contrast to « 
the relative characters of antimony and arsenic in 
their native The fractured surfaces of anti- 

mony retaining their metallic brightness after ex- 
posure to the air, while those of arsenic speedily f * 
become dull and black. 

n* Teknantitb. No. 79, 

Phil, m- Haid. 8. 161. Leon. 664. 

Occurs in attached crystals. * 

Primary form a Cube, Cryst. fig. 56. Clear 
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parallel t > the planes of the regular octahedron. 
Fracture uneven. Hard, exceeding 3,0. Sp.gr. 
4,375. Lustre metallic^ Colour lead-grey, fre- 
quently tarnished on the surface. Streak reddish- 
grey. 

Found in several of the copper mines in Cornwall. 

b . Purple Copper. Jlnntkupfererz , No. 80. 

Hally, 3,436. Phil. 4>99. Haid. 2.467. Leon. 643. 

Occurs in attached crystals and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 

• parallel to the pjanes of the regular octahedron, in- 
distinct. Fracture uneven. Hard. 3.0. Sp.gr. 5.0. 
laistre metallic. Colour pimplish and reddish-brown, 
generally tarnished on the surface. Streak greyish- 
black. 

Massive. varitiy , amorphous. Structure compact. 

Found in most copper mines. 

A variety of this substance* occurs in Cornwall, in the 
form of thin hexagonal prisms, which are probably 
pseudornorphnus 

Svtp/nirrt of ( Upper and Iron, 

а. Copper Pyrites. Yellow Copper, No. 81. 

Hatty, 3,432. Phil. 802. Haiti. 2.469. Leon. 644. 

Occurs in attached and imbedded crystals, and massive. 

Prinmrv lorin a Square prism. Crykt. fig. 65. 

V,e = 117° 1 :V. Cleavage parallel to e, fig. 68. 
Fracture eonchoidal. Hard. 3.5, 4.0, Sp.gr. 4.17, 
4.3. Lustre metallic. Colour brass-vellow, fre- 
quently with a violet and purple tarnish on the sur- 
face. Streak greenish-black. 

Mas wive varieties, globular, bolryoidal, re ni form, sta- 
lactitic, and amorphous. 

Found in most mines where copper is produced. 

б. ktlMKRINUKi, No. S3 

lluid 3 118. Leon. 755. # 

Occurs in imbedded spheroidal masses, and in flat 
lavers, having an uneven fracture, and a fine gra- 
nular or earthy structure. Soft. Sp.gr. 3 8. Opaque. 
Lustre dull lesinons. Colour dark blue. Streak 
shining. 

Found in Salzburg and in Thuringia 

Silicate undvSniphate of Copper. 

*a Velvet 'Copper, No 567. 

Haul. 3.16S. 

Occurs in very short Capillary crystals coating the 
surface of* the matrix, and presenting a velvety ap- 
pearance, Translucent. Lustre pearly. Colour 
bright blue 

Found at Mofdiuva in the Baniuit, and consists of 
silica, aulphijric acid, and oxides of popper and 

* zinc. 

Com position unknown. 

a. Pelokojjiik, Wo. 569. • 

E.N.P.J. 12^.134. 

Occurs amorphous. * No cleavage. Fracture ron- 
choidal. Hard, 8.0. Sp.gr. 2.51, 2.57. Opaque. 
Lustre vitreous, nearly dull. Colour bluish- black. 
Streak liver-brown. 

Found in the Tierra Amarillaartd Remolinos in Chili, 
accompanying green carbonate qfroopper. Soluble 
in muriatic acid, the solution yeUbwish-grepn. Not 
% analyzed. % ' , 

9 * 

Cryolite, No* 514. 

# Hally, 2.157. Phil. 197. Haid. 2 66, Lefbn* 570, 

Occurs in single or aggregated crystalline masses. 

Primary form not observed. Cleavage parallel to the 
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terminal and lateral planes of a rectangular prism 
Fracture uneven. Hard. 2,5, 3.0. Sp.gr, 2.963. 
Translucent, and becomes more transparent after 
immersion in water. Lustre vitreous, ratheVi pearly 
on one surface. Colour while, or reddish, or jeL 
lowish-brown. Streak white. 

Found pt A rksut- fiord. West Greenland. 

Davyne, No. 341. 

F..J.S. 7.326. Leon. 433. 

Occurs in attached regular hexagonal. prismatic crys- * 
tals with the terminal edges truncated. • 

Primary form a Rhomboid. Cryst, fig. 106. P f P's= 

11 2° 16'. Corresponding nearly, if not exactly, wfth 
Nepheline. Cleavage parallel to the planes of the 
fiexugouul prism, distinct. Fracture conchnidal. 

Hard. 5.0, 5.5. Spgr. 2.4, Transparent. Lustre 
vitreous, pearly upon the c leavage planes, Cqlour 
white, sometimes yellowish-brown. Streak white. 

Found in cavities, in some of the masses ejected from 
Vesuvius. 

Df.smine, No. 342. 

Occurs in small silky tufts accompanying SpineUune 
from the extinct volcanoes of the Rhine, 

DlciiiioiTE. lolite . Peliome. Steiuheilite , No. 305. 

* Hatty, 8.1. Phil. 93. Haid. 2.319. Leon. 466. 

Occurs in imbedded crystal*, and massive. 

Primary forma Right rhombic prism. Cuvet, fig- 71. 

M,M' nearly 120°. Cleavage parallel to the late- 
ral planes. Fracture eonchoidal. Hard. 7.0, 7.5. m 
8p.gr, 2.583. Transparent, translucent. Lustre 
vitreous. Colour blue in the direction of the axis, 
and yellowish-grey perpendicular to it ; sometimes 
dull velluvvish in both directions. Streak while. 

Massive varieties , amorphous. Structure iwdistiuctlv 
granular. 

Found in Spain, in Bavaria, in Finland, and other 
localities. 

Di pym-:. Lei/colih\ No. 343. * m 

Hutiy, 2.596. Phil. 45. Haid. 2 264. Leon. 475* 

Occurs in small imbedded crystals. 

Primary form not determined. Fracture eonchoidal. 

Hard. 5.0, 5.5. Sp.gr. 2.63. Opaque. Lustre ‘ 
internally vitreous. Colour greyish and reddish- 
white. 

Found in the Western Pyrenees. 

Dikluite, No. 344. 

Occurs at Franklin, New Jersey, North America, in 
regular octahedral crystals •imbedded in carbonate 
of lime. 

Colour yellowish-brown. No published description 
or analysis. Possibly brown Spinelle. 

Do mite, No. 345. 

. Phil. 203. 

Occurs in white, greyish, or yellowish, cartliv or pul- 
verulent, amorphous, masses, At Puy cle DomOii 
Auvergne. 

Edingionivk, No. 221. » , 

E.J.S. 3.316. Leon. 731. 

Occurs in attached crystals in the cavities of Thom- 
sonite. 

Primary fojrm, according to Huidinger, a Square 
prism. Chyst. fig. 65. Cleavage parallel to the 
lateral planes. Fracture uneven. Hard, tyl* 4.5. 

Sp gr. 2.71. * Translucent. I Lustre vitreous* Co- 
lour greyish -white, Streak) white 

Found in the neighbourhood Jr Dumbarton, Scotland. 

Elaolite. ffetttfain, Lptbradtss* HoditAte No. 238* 

3 T 
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m 

.p^y 4 505 i>hil. 136. Haid. 3.93. Leon. 468. 

** 0m v mm * Occurs in amorphous masses, with cleavages parallel 
t to the lateral planes, and both the diagonals of a 
Rhombic prism of 112°. Fracture conchoidal. 
r Hard. 5.5, 6.0. Sp.gr. 2.55, 2.62. Translucent. 
Lustre vitreo-resinous, sometimes fatty, occasion- 
ally opalescent. Colour greenish or bluish-grey, 
or greyish or brownish-red, 1 

Found in Norway imbedded in Syenite. 

Emerald. Beryl . Aquamarine , No. 322. 

Hauy, 2.504. Phil. 102. Raid. 2.816. Leon. 391. 
Occurs in attached and imbedded crystals and mas- 
' sive. 

Primary form a Rhomboid. Cryst. fig. 106. P,P':= 
104° 28'. Cleavage parallel to all the planes of a 
regular hexagonal prism, the form it generally 
assumes. Fracture uneven. Hard. 7.5, 8.0. 
** Sp.gr. 2,68, 2.732. Transparent, translucent. 
Lustre vitreous. Colour various shades of green, 
blu€\ and yellow. Streak white. 

Massive varieties^ amorphous, structure large granu- 
f lar, or globular with a fibrous structure. 

Found in Columbia, Peru, Brazil, North America, 
, Siberia, and in several parts of Europe. 

Epidote. Vislazite . Thallite , No. 289. 

Hafiy, 2.568. Phil. 41. Haid. 2.292. Leon. 476. 
Occurs in attached and imbedded crystals, massive 
and granular. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P,M = 103° 10'. M,M' = 63° 25'. 
Cleavage parallel to P and h, tig. 91. Fracture 
uneven. Hard. 6.0, 7.0. Sptgr. 3.425, 3.45. 
Transparent to opaque. Lustre vitreous. Colour 
variqus shades of green, greenish-grey, brownish- 
yellow, and blackish-red. Streak greyish-white. 
Massive varieties, amorphous. Structure granular, 
compact, fibrous. Occasionally arenaceous. 

Found in many parts of Europe and America, and in 
the fiast Indies. 

Thulite and Withamite have been refened to this 
species. 

Epistilbite, No. 214. 

E.J.S. 4,286. Leon. 735. 

Occurs in crystals attached to a mass of the same 
substance. 

Primary form a Bight rhombic prism. Cryst. fig. 71. 
M,M' s= 1 35° 10'. Cleavage parallel to the short 
diagonal of the prism. Fracture uneven. Hard. 
4.5. Sp.gr. 2.25. Transparent, translucent. Lustre 
vitreous. C olour white. Streak white. 

Found in Iceland and the Faroe Islands. 

Erlanite, No. 243. 

Au. n.s. 8.389. Leon. 736. 

Occurs massive and amorphous, forming a bed of 100 
„ fathoms in thickness. Structure granular, com- 
pact, Fracture foliated, splintery. Hard. 5.5. 
Sp.gr. 3.0, 3.1. Opaque. Lustre very feeble. 
Colour greenish -grey. Streak white, shining. 
Found in the Saxon Erzgebirge, near Erla 
Used as a flux by iron smellers. 

Euclase, No. 323. 

Hally, 2.528. Phil. 101. Haul. 2.313. Leon. 895. 

, Occurs in detached crystals in alluvial ground in 
Brafil, • 

Primary form an OliEque rhombic prism. Cum. fig, 
83. F,M^118W; 114*50'. Cleav- 

*ge plane y and horizontal 


diagonal, indistinct, but very distinct parallel to MtMtogy 
the oblique diagonal. Fracture uneven. Hard. Vl — 
l . Sp.gr. 8,098. Transparent. Lustre vitreous. 

Colour pale bluish -green, blue, and white. Streak 
white. 

Eudyalite, Nq. 329. 

Phil. 122. Haid. 3.96. E.P.J. 12.81. Leon. 890, 

Occurs in imbedded crystals aj>d massive. 

Primary form a Rhomboid. Cryst. fig. 108. P,P / 

= 73° 40'. Cleavage parallel to o, fig. 107. and 
to p t fig. 121. Fracture uneven. Hard. 5.0, 5.5. 

Sp.gr. 2.9. Faintly translucent, opaque. Lustre 
vitreous, sometimes dull. Coloui brownish-red. 

Streak white. 

Massive varieties , imbedded and amorphous. 

Found in Greenland. 

Fahlunite. Trick/asile , No. 265. 

Hatly, 3.140. Phil. 56, Haid. 3.97. Leon. 737. 

Occurs in imbedded, regular, hexagonal prisms, and in 
amorphous masses. Cleavage perpendicular to 
the axis of the prism. Fracture uneven. Hard. 

5.0, 5 5. Sp.gr. 2.66. Nearly opaque. Colour 
blackish, yellowish, and greenish-brown. Streak 
greyish-white. 

Found at Fahlun in Sweden. 

This has been described as a Right rhombic prism of 
109° 28', and it is said to lie cleavable parallel to 
the lateral planes. 

Felspar. Orthose, No. 226. 

Hafiy, 8.79. Phil. 1 13. Ilaid. 2.251. Leon. 424. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. P,M sz 
112° 35'. M,M'= 118° 59'. Cleavage parallel to 

the terminal plane and the oblique diagonal, dis- 
tinct; less so parallel to M and M'. Fracture 
conchoidal, uneven. Hard. 6.0. Sp.gr. 2.5, 2.6. 
Transparent, translucent. Lustre vitreous. Co- 
lour white, grey, green, red, of different shades. 

Streak greyish -white. 

Massive varieties , amorphous. Structure granular, 
compact. Sometimes in imbedded globular con- 
cretions. But it will probably be found that several * 

distinct Minerals have been classed as compact 
felspar. 

Found in all parts of the World. 

Forsterite, No. 346. 

An, N.s. 7.59. Haid. 3.102. Leon. 739. 

Occurs in attached, small, brilliant crystals. 

Primary forma Right rhombic prism. Cryst. fig. 

71, M,M' =128° 54'. Cleavage parallel to P. 

Harder than quartz. Translucent. “ Lustre n- 
treous. Colour white. 

From Vesuvius, accompanied by plecnaste and Py- 
roxene. 

Freislebkn, No. 347. ‘ # 

Lucas, 2.216. 

Is described as having a foliated fracture. Hard, 
about 3.0. Considerable lustre. Colour blue, some- 
times greyish. Soft to the touch* Insoluble in 
water. 

No locality o$ analysis given. 

Fuscite, No. 348. * 

Phil. 204. * Leon. 474. 

Is said by Phillips to be a Rhombic prism of 87° and 
93%; is considered by Haidinger to be Pyroxene, 
and»by Leonhard to be Scapolite. It is, therefore* 
a doubtful species. 
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Found near Arendahl in Norway. 
Oabronitb, No. 232. 

Phil. 130. 


Occurs crystallized and massive. Primary form a 
Square prism. Cryst. fig. 65. Cleavage parallel 
to the lateral planes, indistinct. Fracture uneven. 
Hard, about 5.0. Sp.gr. 2.9. Opaque, Dull. 
Colour bluish or greenish’grey, red. 

Found only in Norway. 

Garnet. Precious, Almanuinc. Black, Melanite , Py- 
reneite . Greenish-yellow/rro«*a/«ria. Yellow, crys- 

# tallized, Topazoiite ; granular, Succinite . Brown- 
ish-ycUow* granular, Colophonite. Greenish, com- 
pact, Allockroite . Red, Pprope , Carbuncle , Red- 
dish-brown, Ebonite , Cmnatnoih stone* Roman - 
zovitc . Magnesian, Rolhoffite, No. 294 — 301. 

Probably some of these ure distinct species, although 
their crystals are similar in form. 

Haiiy, 2.213. Phil. 26. *IIaid. 2.359. Leon. 497. 

Occurs in attached arid imbedded crystals of the form 
of rhombic dodecahedrons, granular and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the rhombic dodecahedron, 
very indistinct. Fracture uneven. Hard. 6.5, 7,5. 
Sp.gr. 3.6, 4.2. Transparent, translucent, rarely 
opaque. Lustre vitreous, resinous. Colour va- 
rious shades and combinations of green, yellow, 
red, brown, black, white. Streak white. 

Massive varieties, amorphous, structure granular, com- 
pact. 

Found in most of the mountainous parts of the 
World. 

Ckhlknitf., No. 303. 

Hatty, 2.557. Phil. 35. fluid. 3.102. Leon. 212. 

Occurs in imbedded and massive aggregations of 
rectangular, or slightly rhombic crystals. 

Primary form uncertain. Cleavage parallel to the 
planes of u rectangular or rhombic prism. Frac- 
ture uneven. Hard. 5.5, 6.0. Sp.gr. 3.029. 
Slightly translucent, opaque. Lustre slightly vi- 
treous, resinous. Colour grey, sometimes yellow- 
ish or greenish. # 

, Found only in the vtllley of Fassa in the Tyrol. 

, * Gieseckite, No. 264. 

Phil. 1 13. Haul. 3.104. Leon. 461. 464, 465. 

Occurs in imbedded crystals in the form of hexagonal 
prisms. * # • 

Structure of the crystals granular. Fracture uneven. 

# Hard. 2.5, 3.0. Sp.gr. 2.832. Opaque. Lustre 

slightly, resinous. Colour brownish-grey and 

# greenish. Streak white. 

Found in Greenland by Sir Charles Gieseckd 

Gigantomte, No. 349. 

A name given By Nordenskiold, on account of the'size 
of the cr^tals, to a Mineral occurring in Finland, 

# but first found at S'chiieeberg in Saxony, and then 
called Piuile. * The Saxon specimens are decom- 
posed, sdft, and dull red. The Finland Mineral 
is not decomposed* and is dull dark green. Both 
varieties present the form of imperfect hexagonal 
prisms, and may be split into ihirt plates. The 
same substance has been found # in*North America, 

* and named Phyllite. # * 

Gjlaucolite, No. 244. 

and An* 2.463. Leon. 742, 

# t Occurs massive. Structure crystalline, cleavage 
parallel to the planes of A Rhombic prism, of about 


107° or 143° 30', indistinct Fracture uneven, Mineralogy 
Hard. 5.0, 6.0, Sp.gr, 2.7, 3,2. Translucent# 

Lustre vitreous. Colour lavender-blue, gregn. 

Streak lighter. 

Found near the lake Baikal in Siberia. ' * 

This Mineral affords an instance of the disadvantage 
of significant names, as at least three different sub- 
stances# have been so called, merely on account of 
their colour, one of which, from Norway, baa a 
cleavage parallel to the planes of the rhombic do- 
decahedron, and another has no apparent cleavage. 

Gmeljnite. Hydrolite , De Dr4e, No. 211. * 

Hatty, 3.177. Haid. 3.104. Leon. 742. 

Occurs in attached crystals of the form of hexagonal 
prisms, lining cavities in trap rocks. 

Primary form a Rhomboid. Cryst. fig. 106. Cleav- 
age parallel to the primary planes. Fracture 
uneven. Hard. 4.5. Sp.gr. 2.05. Translucent. 

Lustre vitreous. Colour white, and pale dull yel- 
low and red. Streak white. » 

Found in the Vicenti, in Ireland, and in North Ame- 
rica. 

Gold . 

• 

a. Native cold, No. 17. 

Hatty, 3.235. Phil. 322. Haid. 2.436. Leon. 707. 

Occurs only in a metullic state, crystallized, and mas- 
sive. 

Primary form a Cube. Cryst. fig. 56. No cleavage. 

Fracture hackly. Hard. 2.5, 3.0. Sp.gr. 14.857.* 

Opaque. Lustre metallic. Colour yellow, of 
several shades. Streak shining. 

Found in North America, Mexico, Brazil, Peru, and 
other parts of South America, and iii several parts 
of Europe, Amu, and Africa. 

Native Gold is usually alloyed with a small quantity 
of silver. When the proportion is considerable the 
compound pusses under the name of 

b . Electrum, No. 18 . 

Grf.f.n Earth, Talc Zographique , No. 257. 

Hatty, 2.493. Phil. 117. Haid. 2.193. Leon. 199. . , 

Occurs massive, imbedded in or lining the cavities of 
trap rocks. Fracture earthy. Hard, 1.0, 1.5. 

Sp.gr. 2.934. Opaque. Dull. Colour greyish, 
bluish, blackish-green. Streuk shining. 

Found in the Faro Islands, aud iu several parts of 
Europe, particularly near #Ve»ona, aud generally 
wherever amygdaloidal rocks occur. 

Several apparently different substances are so named 
on account of their colour and eurthy fracture. 

Crystals of a green earthy substance of the form of 
# Pyroxene are occasionally found in trap rocks. 

Harmotoaie. A ndreolile. Eremite* No. 220. 

Hatty, 3.142. Phil. 56. Haid. 2.229. .Leon. 19$ 

Occurs in attached crystals, generally intersecting 
each other lengthwise. 

Primary form a Right rhombic jfrism* CrysJt. fig. 

71. M,M'= 110°; Levy. Cleavage parullel lo 

the primary planes, and to both the diagonals oi 
the prism. Fracture uneven. Hard. 4.5. Sp.gr. 

2.35, 2.89. Transparent, translucent Lustre 
vitreous* sometimes pearly. Colour greyish, yeU 
lo wish, -reddish- white. Streak white. 

Found in Scotland, and in /several places on the 
Continent. of Europe. } 

The crossed cry slaty most commonly met ,ty}th are 
3 t 2 
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Mtatfclog? , ' from Andreasberg, and the simple ones from Stron- 
‘ • "fK /— * y tkn in Scotlmifl. 

HaMUNOTONITE, No* 350. 

Awhile substauee so named from Ireland. It occurs 
# in thin tabular masses, with a fine granular struc- 
ture, unci may possibly be only a variety of some 
known Mineral. 

HAfivNE. LtdialtU , No. 565. * 

1 Hatty, 2.335. Fhil. 374. Raid. 3.107. Leon. 450. 

Occurs in attached dodecahedral crystals, granular, 
ami massive. 

9 Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the diagonal planes of the cube, in- 
distinct. Fracture uneven. Hard. 5 5, 6.0. Sp gr. 
2.68. Transparent to opaque. Lustre vitreous. Co- 
lour blue, sometimes greenish, white. Streak white. 
Masai ve varieties , amorphous, structure granular, 
•compact. 

Found in the cavities of ancient lavas, and in the 
fragments of rocks ejected from Vesuvius. 
Hedenbergite, No. 351. 

H titty, 4.495. Phil 66. Leon. 506. 

Is said by Phillips to measure the same as Amphibole ; 
by Levy to be Pyroxene; by Berzelius to cleaje 
into obtuse rhomboids , similar to that of carbonate 
of time ; and by Hatty, into octagonal prisms with 
a base oblique to the axis. It is uncertain, there- 
fore, to what Mineral the published descriptions 
really apply* 

' IIejlvin, No. 302. 

Ilauy, 2.333. Phil. 244. Haid. 2.357. Leon. 462. 
Occurs in attached and imbedded tetrahedral or octa- 
hedral crystals 

Primar.y form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, in- 
distinct. Fracture uneven. Hard. 6. 0, 6.5. Sp.gr. 
3.166. Translucent. Lustre vitreo- resinous. Colour 
dull yellow, sometimes brownish. Streak white. 

* Found at Schwarzenborg in Saxony. 

Herderjtk, No. 352. 

P.M. and An. 4.1 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' = 1 J 5° 53'. Cleavage parallel to the 
lateral planes, and to the long diagonal of the prism. 
Fracture small conchoidnl. Hard. 5.0. Sp gr. 
2.9S5. Nearly transparent. Lustre vitreous, 
slightly inclined <*,o resinous. Colour yellowish 

and greyish-white. Streak white. 

Found imbedded in Fluor at Ehrenfriedersdorf in 
Saxony. 

1If.uschei.ite, No. 853. 

An. n.s. 10,361. Leon. 745. * , 

Occurs in attached hexagonal crystals in the cavities 
9 ofgramiUu olivine. 

Primary form a Rhomboid. • Crys 1\ fig. 106. V/i 
about 132°. No perceptible cleavage. Fracture 
couchoidal. * Hard, about 4.0. Sp.gr. 2.11. 
Translucent. Opaque. Colour white 
Found at Aci Reale in Sicily. 

Hevjlanpite. Uaydenite , No. 215. 

Hatty, 8.155. Phil. 38. Haid, 2.242*. Leon. 745. 
Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
88. F.M « m IV M.M'= »7°39'. Cleav- 
age 1 parallel to tb<t oblique diagonal of the prism. 
, very distinct. .fasten uneven. Hard. 8.5, 4.0. 


\LO U Y 

Sp.gr. 2.2. Transparent, translucent. Lustre. 
vitreous, on the cleavage planes pearly. Colour ” 7- ’’V” 
wliite, grey, yellow, red, brown. Streak white. 

Massive varieties , granular. 

Found principally in Iceland and the Faroe Islands, 
and generally lining cavities in trap rocks. 

11 iMMiEiiin:, No. 172. 

Phil. 204. Haid. 3 108. JLejm. 212, 746. 

Occurs massive, with a distinct cleavage in only one 
direction, and an earthy fracture. Boll. Sp.gr. • 
3.045. Opaque. Colour black. Streak greenish-grey. 

Found in Svarta Parish, Suderriianland. 

H unite, No. 354. • * 

Hour. Cat. 52. Phil. $05. Ilaid. 3.110. Leon. 747. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M' -= 120°. Cleavage parallel to M and M' dis- 
tinct and bright. Fracture uneven. Hard. 6.5, 7.0, 
Transparent, translucent. Lustre vitreous. Colour 
brownish-) allow and light reddish hi own. Streak 
white. 

Found on Monte Sommn. 

Hyai.osidf.ritr, No. 284, 

Haid. 3 111. Lean. 533. 

Occurs in imbedded crystals in a brown basaltic 
amygdaloidal rock. 

Primary form u Right rhombic prism. Cryst. fig. 71. 

M,M' = 105° ; VV.P. Cleavage parallel to P. 
Fracture uneven. Hard. 5.5. Sp.gr. 2.S75. Trans- 
lucent, opaque. Lustre vitreous, superficially 
metallic. Colour reddish-brown. Streak light btown. 

Found at Kaiserstuhl in Urisgaw. 

The form and measurements of this Mineral agree 
very nearly with those of Olivine. 

Hypeustiienk. Dialtage mcialloi(h\ var. Labrador 
Hornblende, Pauf/fe % No. 2H5. 

Hatty, 2.447. Phil. 70 Haid. 2.J09. Leon. 516. 

Occurs in crystalline masses, sometimes presenting 
parts of the natural surfaces o r crystals. Cleav- 
age parallel to the lateral planes of a rhombic prism 
of 93° 30', and to both diagonals. Fracture 
uneven. Hard. 6.0. Spgr. 3.3H9. Opaque. Lustre 
metallic in one diiectiou, on the cross fracture, vi- 
treous. Colour oil the metallic looking surface 
reddish, in other directions greyish or greenish- 
black, Streak greenish-grey. 

Massive varieties , amorphous * 

Found at Labrador, and in the Island of St. Paul. 

This and the Rronziic and Schiller spar have the. 
same cleavages and measurements. 

Jade. Igida, its Indian mime. Avte. stone, Brils tern. 
Nephrite? Suussun/e? No. 306. 

Hatty, 4.49H. Phil. 134. Haid. 3.149. Leon. 422. 

There is much uncertainty and confusion* in the pub- 
lished description of Jade, Nephritl, and Suussur* 
ite ; and it is not apparent what the Mineral is to 
which the name Igida has been applied in India. 

The Axe stone of the South Sea Islands appears to 
be a compact amianthus, or a serpentine enveloping 
a considerable quantity of amianthus. Werner's 
Jade or Beijstein is a brittle, yellowish-brown, fibrous 
Mineral. It is probable that the Chinese Jade is 
the substance which is al&o named Yu, and Is be-* 
lieved to be Prehuite. 

a. Nephrite, No, 307. This has been described as fol- 
lovwi . 1 

Hatty, 4.498. Fhil. 134. Bald. 8.18L . L«ro.764. 
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Occurs massive. Structure fibrous, compact. Fracture 
splintery. Hard, 7.0. Sp.gr. 2.9, 3.02. Trans- 
lucent, opaque. Colour green of several shades. 
Very tough. 

Found in China, Egypt, and the Islands in the South 
Seas, where it is cut by the natives into various 
forms. 

b . Saussuritk,No. 308. This, which has been called by 
Hatty Fehpath ten ace, has also received the names 
Jade, Axe done, &c. as synonyms, and is described 
as follows. 


* Hatty, 3.95. PhiK 135. Haul. 3.148. Leon. 422. 

Occurs mattfive. Structure foliated, granular. Cleav- 
age parallel to the planes of a Rhombic prism of 
about 124° ; II aid. Fracture splintery. Hard. 
5.5. Sp.gr. 2.25, 3.35. Nearly opaque. Lustre 
pearly. Colour greenish and greyish-white. Streak 
white. % 

Found in Corsica, Stiria, and some other places. 

A more precise examination of these Minerals, and 
more distinct descriptions and analyses are necessary 
to a correct separation of the several varieties into 
more definite species. Specimens occur in Mineral 
cabinets under some or alI*of these names, which 
do not agree with any of the published descriptions. 

Iiikiutf., No. 355. 

An. 3.152. 

Occurs in attached slender, four-sided prisms, with 
terminal faces obliquely truncated, and massive 
with a radiated structure. 

Primary form not sufficiently described, and no mea- 
surements given. Cleavage parallel tc the axis of 
the prism in two directions. Fracture uneven. 
Very soft Tuuislucent on the edges of the crystals. 
External lustre nearly dull, internal vitreous. Colour 
white. Adheres slightly to the tongue. 

Found near TeHis in Georgia. 

Is perhaps Lnummnle, or one of the already known 
members of the-furnily of Zeolites, in a state of par- 
tial decomposition. 

Idocrase. Vesuvian. f Filiate. Ilgeran. Red, Frugar- 
dite. Greenish-yeljovv, LoboUe. Bine, Cypnnc. 
No. 291 to 293: 

Hatty, 2.544. Phil. 33. Haiti. 2.354. Leon. 4. S3, 4S4, 

Occurs in attached uqd imbedded crystals, and mas- 
sive. • 

Primary fo*rm i* Square prism.* Cryst. fig. 65. Cleav- 
age parallel to the primary plunes, distinct, and 
less so parallel to the diagonals of the prism. Frac- 
ture uneven. Hard. 6 5. fcp.gr. 3.0*, 3.4. Trnns- 

I# parent, translucent. Lustre vitteo-reMUous. Co- 
lour several shades ot grey, blue, green, yellow, 
brown, black. Streak white. 

Mamvt varieties, amorphous. Structure fibmnS, gra- 
nular, of m pact. 

# Found originally in "the neighbourhood of Vesuvius, 

and since itt Mnany parts of Europe, and in Asia 
and America. * 

Jefferson iTE, No. 273. 

Haid. 3.115. Leon. 505, 506. 

Has the form, measurements, and most other charac- 
ters of Pyroxene. # 

Found near Sparta, *New Jersey, North America. 

Ilmenite. No. 350. 

, P.M- and An. 10.167. E.P J. n.s. 3.1S7, # 386. 

Occurs in imbedded crystals in Cleavelaudije. 

Primary form a Ri|$d rhombic prism. Cryst. fig 71. 


4*8 

M,M' = 136° 30'. No cleavage observed Frae* Utow&w 
ture uneven. Hard. 5.0, Sp^gr, 5.43. Opaque, f 

Lustre vitreous. Colour black. # $ / 

Found near Lake Ilmen in Siberia, 

Indianite, No. 315. * 

Phil. 44. Haid, 3.1 13. Leon. 748. 

Occurs iu grunular masses. Part of a fragment at 
the British Museum having afforded a measure* 
merit of 95° 15' on cleavage planes. Hard. 5.0, 

5.5 Sp.gr. 2.74. Bournon. Translucent. Colour * 
nearly white. 

Found in the Carnatic in India. • 

flUDlVM . 

a. OsMitJRET of Iridium, No. 16. 

Hatty, 3.23 1. Phil. 326. Haid. 3.114. Leon. 704. 

Occurs in Ioo«© hexagonal crystals, and flattened 
grains, accompanying native platina. * 

Primary form a Rhomboid. Cryst. fig, 106, P,P' 
not ascertained. Cleavage perpeiidiciflar to the 
axis, very distinct. Haul. 4.5, 5.0. Sp.gr. 19.5. 

Opaque. Lustre metallic. Colour pale steel-grey. * 
Found iu South America and iu the Urulian rnuun- 
•* tains. , 


Iron. 

Aluminate of Iron ? 
a . Skohjan, No. 149. 

Breit. 88. # 

Occurs in amorphous masses,, resembling a slag or 
scoria. 

Primary form apparently a Rhombic prism. Cleav- 
age uneven. Fracture conchoidal, uneven. Hard. 
8 0,8.5. Sp.gr. 3.7, 3.8. Lustre vitreous. Colour 
black. 

Found at Risclio Ostein in Bavaria and at Schandau 
in Saxony. 

Cubic A mi niate of Iron. . 

a . Phai makosiderit, No. 469. 

Hatty 4.135. Phil. 24 J. Haid. 2.16:2. Leon, 165. 

Oeeti « in attached crystals, and sometimes massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the primary planes, indistinct. Fracture 
uneven. Hard. 2.5. Sp.gr. 3.0. Transparent, 
tianslucent, opaque. Lustre vitreous. Colour 
green of several shades, yellowish-red, yellowish 
and greenish-brown. Streak a paler colour. 

Massive variety , amorphous* strficture granular. 

Found principally in Cornwall, also at St. Leonhard in 
France, at fcchwartzenberg iu Saxony, and at Frank- 
lin, North America, 

li horrible Arseniate of Iron, 

• a. •Skouoditk. Martial Arseniate oj Copper of Bour- 
non, No. 468. 

Phil. 320, 3j$l. Haid. 3.149. Leon .*166. 

Occurs in attached' crystals and massive. 

Primary form a Right rhombic, prism. Cryst. fig. 
71. M,M'= 120° LO 7 . Phil. Cleavage, parallel 

to the primary planes, indistinct. Fracture uneven. 
Hard. 3.5, 4 0. Sp.gr. 3.16,3.2. Transparent, 
translucent, opaque. Lustre vitreous, brighter on 
the natural than the fractured surfaces. Colour 
bluish and blaekWi-green, brown, black. Streak 
white.* 

Jrlamve 

toft 


varieties, globular, jptructure fibrous, radia* 
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Found in Cornwall. Saxony, Carinthia, and in 
1 more perfect crystals in Brazil. 

Berzelius seems to consider tlie variety from Brazil 
a distinct species, but as it agrees in measure- 
ment with the others, it is probable that the ana- 
lysis of more perfect specimens would lead to a 
different conclusion. 

Irseniate of Iron ? * 

a. Pjttizite. Iron pitch ore ? Iron sinter? No. 470. 

Phil, 236. Haid. 3.115. Leon. 128. 

t Occurs in reniform and stalactitic masses. Structure 
compact. Fracture conchoidal. Soft. Sp.gr. 2.4. 
Translucent, opaque. Lustre vitreous. Colour 
brown of different shades. 

Found in Saxony and Silesia. 

An uncertain species, and probably comprehending 
geveral distinct Minerals, as specimens have been 
received in this Country under these names, differ- 
ing from each other in all their physical charac- 
ters. 

b. Arsenite of Iron ? No. 471. 

Brit. Min. 5.275. 

Described by Gregor as massive, compact to earthy. 
Lustre dull waxy. Colour dull bluish-olive-greem 

Found in Cornwall. 

Carbonate of Iron. 

a . Carbon atm of Iron. Brown Spar. Sphatkose 
Iron. Sphdrosederit , when botryoidul or globular, 
, No. 452. 

Hafiy, 4.113. Phil. 236. Haid. 2.102. Leon. 296,7. 

Occurs in attached crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 
= 107°. Cleavage parallel to the primary planes, 
distinct. Fracture imperfect conchoidal. Hard. 
3.5, 4.5. Sp.gr. 3.6, 3.829. Transparent, trans- 
lucent, opaque. Lustre vitreous, inclining to pearly. 
Colour white, yellowish, and greenish-grey, yellow, 
red, nivJ brown of different shades. 

Massive varieties , tabular. Structure fibrous, the 
direction of the fibres nearly perpendicular to the 
flat surfaces; botryoidul and globular, structure 
fibrous, diverging; amorphous structure, foliated, 
granular, compact. 

Found in Cornwall, Scotland, and Ireland, and in 
many metalliferous veins in other parts of Europe 
and in America. 

Argillaceous Carbonate of Iron . 
a. Clay Iron Stone, No. 453. 

Haid. 2.408. Phil. 237. Leon. 235,6 ; 550,1. 

The different clay iron stones appear to be carbonates 
of iron mixed with different proportions of silex, 
clay, and other foreign matters. 

Carburet of Iron. * , 

a. Graphite. Black Lead. Plumbago, No. 42. 

flatty, 4.85. Phil. 364. Ilaid. 2.191. Leon. 674. 

Occurs hi imbedded crystals of the* form of regular 
hexagonal prisms, ami massive. Primary form a 
Rhomboid. Cryst. fig. 106. ?,F unknown. 

Cleavage parallel to the terminal planes of the 
prisms, very distinct, and the laminae flexible. Frac- 
ture uneven* Hard. 1.0, 2.0. Sp.gr. 1.8, 2.1. 
Opaque. Lustre metallic. Colour iron or steel- 
grey; or blackish- grey. Streak black, shining. 

Massive varieties, in irregular uddules' uud amor- 
phous; Structure foliated, granular, compact/ 

Found io various parti bf Europe and America, and 
appears to he iaitihatoly related to Anthracite. 


The finest kind found in this Country occurs at Bor- 
radaile, in Cumberland. 

The difference of composition between the foliated and 
granular varieties does not appear to have been 
ascertained. 

6. SlDEHOGRAPHITE, No. 43. 

Sill. 2.176. Leon. 716. 

Resembles laminated pi umbagp. Sp.gr. 5.114. Mag- 
netic. Consists of metallic iron and plumbago. 

Found at Schooley’s Mountain, New Jereey, North 
America. 

Chromate of Iron. *' 

a. Chromate of Iron, No. 420. « 

Hatty, 4.130. Phil. 240. Haid. 2.396. Leon. 557. 

Occurs in imbedded octahedral crystals and grains, 
and massive. Primary form n Cube. Cryst. fig. 

56. Cleavage parallel to the planes of the regular 
octahedron. Fracture /ineven. Hard. 5.5. Sp.gr. 

4.0, 5 0. Opaque. Lustre imperfect metallic. 

Colour dark brown, black. Streuk brown. 

Massive varieties, amorphous. Structure granular, 
the grains sometimes separated by their partitions of 
talc coloured by chromic acid ; compact. 

Found in Scotland, in the Shetland Islands of 
U nst and Fetlor ; in France, and other parts of 
Europe; in Siberia, and near Baltimore, at Ho- 
boken, New Jersey, and some other places in North 
America. 

Native Iron. 

a. Meteoric ? 

Aerolite. Meteorite , No. 1. 

Hatty, 3 531. Phil. 213, Haid. 2.442. Leon. 713. 

Occurs disseminated in uei elites or meteoric stones, ami 
in compact and vesicular masses, the cavities being 
sometimes filled with compact olivine. It is also 
said to have occurred crystallized in the form of the 
regular octahedron. 

Primary form a Cube. Crybt. fig«. 56. No apparent 
cleavage. Fracture hackly. * Hard. 4.5. Sp.gr, 

6 48, 7.768. Opaque. Lustre metallic. Colour 
pale steel-grey. Streak the same, shining. 

Found in meteoric stones in various purts of the 
World. In compact ami vesicular masses in Siberia, 

Peru, Mexico, North America, the Cape of Good ' * 

Hope, and in several part,* of Europe. Knives of 
meteoric iron were found in possession of some of 
the Esquimaux Tribes in North*-AmeVica. 

b. Terrestrial Native Iron , No. 2. 1 

Hatty, 3.531. Phil. 2)3. Haid. 2,4*42. Leon.715. * 

Occurs massive in thin plates, ramose or cellular, some- 
times covered by brown oxide*of iron. Luslr* 
metallic. Colour lighter than common iron, 

Fpund near Grenoble in France, jud at Steinbach, 

Eibestoek, and Hamsdorf in Saxonv. * 

SJ. 12.155. No. 8. , * 

Occurs as a thin stratum, in a mass of mica slate, 
coated with crystalline graphitfe. Cleavage uncer- 
tain. Hardness the same as metallic iron. 8p.gr. 

5,95, 6.72. Colour fens silveri-white than me- 
teoric iron. Malleable, 

Found at Capnan, Connecticut, United States. Not 
alloyed with nay other metal. 

c. Terrestrial Native Iron cantdining Arsenic , No. 4. * " " 

S.J. 14183. Leon. 663 

Cleavage parallel to planes inclining to each other 
at about 120°. Fracture hackly. Hardness nearly « 
that of ordinary Steel. Sp.gr, T.837. Lustre of 
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M fm&m the cleavage planes highly metallic. Colour grey- 
'**v m *' ish, silver-white. Malleable* 

Found in Bedford County, Pennsylvania, United States. 

d. Volcanic Native Iron, No. 5. 

Phil. ^14. 

Found in the Department of Puy de Dome in France, 
in a ravine formed by torrents across the lava and 
scoria* of the mountain of Graveneire. 

e. Terminal Native Steel ? No. 6. 

S.J. 18.155. 

Found with the native iron at Canaan, Connecticut, 
* in small angufcir fragments. Structure granular. 

Scratches glass. Colour silvery white. Brittle. 
f Volcanic Native Steel? No. 7. 

Phil. 214. 

Found near La Bouiche, in the Department of Allier, 
France, near a coal mine which appeared to have 
undergone spontaneous combustion. 

Oxalate of Iron, 
a . Humboldtink, No. 591. 

Hatty, 4.139. Phil. 242. Haid. 3.110, Leon. 789. 

Occurs crystalline and massive. Primary form not 
ascertained. Solt. Sp.gr. 1.3. Opaque. Dull. 
Colour brightish yellow. • 

Massive variety , small, flattish, re inform pieces. Struc- 
ture line earthy. 

Found near Biim in Bohemia. 

Ojydulons Iron, 
a . Magnetic Iron, No. 126. 

Hatty, 3.560. Phil. 221. Haid. 2.399. Leon. 554. 

Occurs in attached and imbedded crystals, arenaceous 
and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, 
distinct, but in some varieties not obtainable. Frac- 
ture conchoidal, uneven. Hard. 5.5, 6.5. Sp.gr. 
4.4, 5.1. Opaque. Lustre metallic, occasionally 
bright. Colour iron-black. Streak black. 

Massive varieties , iMnorphous. Structure gi until ar to 
compact. 

Found in several parts of North and South America 
and Europe, and in Jbe East Indies and China. 

Titanium is frequently contained in magnetic iron, 
but the varieties containing it have not hitherto been 
well,distinguished. m 
Oxide of lnon. 

a. Crystallized, and retaining the metallic lustre. 

Oligiste Iron. Specular Iron . Micaceous Iron ,, 
No. 125* 

Ilauy, 4.5. Phil. 224. Haid. 2.404. Leon. 545. 

^Occurs in attacked crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P,P'= 
86° 10'. Cleavage parallel to the primary planes, 
and perpendfcular to the axis* Fracture uneven, 
conchoiapj. Hard. 5.5, 6.5. Sp.gr. 5.0, 5.251. 

* Opaque. Lustre rftetallic. Colour deep steel-grey 
to iron-black, frequently with a brilliant iridescent 
tarnish oil the surface. Streak red, and reddish- 
brown, Slightly magnetic. 

Massive varieties , amorphous, structure foliated. 

Found in the Isle of Elba, and in many other parts 
of Europe. It also occurs in t^e fava of Auvergne 
» ip France, and in that of Vesuvius. * 
k* Crystallized, but without metallic* lustre^ the crystals 

, May very minute and thin, and frequently irons- 
parent , • 

Uoethit*. Piprmderdte.^ Iron Froth. 


A L O G Y. • m 

The first of these varieties occurs in very thin*; trans- Mfe a ieto g y 
parent, crystalline plates, in the cavities of black 
Hematite. The iron froth consists of very Chin, 
brownish-red, scaly particles, which am slightjy co- 
herent, with a greasy feel, and staining the fingers. 

It is found plentifully in Devonshire and Lancashire, 
and generally accompanies other varieties Of this 
species. 

e. Fibrous , compact , and earthy masses . 

Red Hematite. % • 

Leon. 548. % 

X- Occurs in globular and botryoidol. shapes. Struc- 
ture fibrous, generally radiating. Sp.gr, *4.7, 5,0. * 

Opaque. Sometimes with a metallic lustre exter- 
nally; sometimes dull. Internally nearly dull. 

Colour externally bluish-grey, greyish-red, red ; 
internally red. Streak red. 

Found at Ulverstone in Lancashire, in considerable 
quantities, and in other parts of Great Britain and 
Europe. 1 

2. Amorphous masses. Structure compact, and t 
sometimes slaty. Sp.gr. 3.5, 5.0. Fracture con- 
ch oidal. Lustre and colour nearly the same as 
• the preceding variety. • 

.3. Red ochre. Red clay-iron-stone, generally found 
in compact and earthy masses. The distinguish- 
ing character is the shining red stain they product 
on the fingers. 

Oxide of Iron, Zinc, and Manganese. m 

a . Franklinite, No. 127. » 

Phil. 226. Haid. 2.403. Leon. 551. 

Occurs in attached crystals, granular and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage pa- 
railed to the planes of the regular octahedron, very 
indistinct. Fracture conchoidal. Hard. 6.0, 6.5. 

Sp.gr. 4.87, 5.09. Opaque. Lustre metallic. 

Colour iron-black. Streak deep red-brovtu. Mag- 
netic without polarity. ,. 

Massive varieties , amorphous. Structure granular, 
compact. 

Found at Franklin, New Jersey, North America. 

Oxide of Iron and Lead , 
a , Beudantite, No. 136 
An. n.h. 11.195. Leon. 722. 

Occurs in small aggregated crystals. 

Primary form a Rhomboid, Cryst. fig. 106. P,P r =s 
92° 30'. Cleavage perpendicular to the axis. Hard. 

4.0, 5.0. Nearly opaque. Lusfre resinous. Colour 
black ; in thin fragments deep brown. Powder 
greenish-grey. 

Found at Horhuuseu on the Rhine. 

Nepheline has also been named Beudantite. 

« Hydrate of Iron, 

a. Hydrous Oxide of Iron. Brown Iron-ore, Stilp • 
vosiderite ? No. 143. • • 

Hatty, 4.J01. * Phil. 226. 230. Haid. 2.411. Leon. 

230. 

Occurs in Attached crystals and massive* 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M' =s 95° 14', Levy. Cleavage parallel to the • * 
short diagonal. Fracture uncertain. Hard, 5.0, 

5.5. Sp5gr* 3.93. Nearly opaque. Lustre ada- 
mantine. Colour brown, of various shades. Streak 
yellowish^brown. 

Massive varieties. Brown hematite, globular, reniform, 

. and some of the varieties of J>rown and yellow clay- 
iron-stone. Stal&ctitic, structure fibrous, oifibro- 
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Jfciaawtogy laminar. Sometimes in pseud omorphous crys- 

Fbund in good crystals in Cornwall, add the other va- 
rieties in most parts of the World 

Oxide of Iron and Manganese ? 
a . Umber, No. 128. 

Phil. 232. Haul. 3.186. 

Occurs massive, amorphous. Structure eat thy. Frac- 
ture conchoidal. Soft. Sp gr. 2.2, Opaque. Dull. 
Colour yellowish and reddish-brown. 

' Found in the Isle of Cyprus. 

Phosphate o f Iron. 

a, Vivianite, Bine Iron, No. 488. 

Haiiy, 4.126. Phil 238. Haul. 2.188. Leon. 137, 284. 

Occurs in attached crystals, in imbedded crystalline 
aggregations, and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. 1\M = 105° 19'. MJV1' = 108°. Levy. 
Cleavage parallel to the oblique diagonal. Frac- 
ture indistinct. Hard. 1.5, 2.0. Sp.gr. 2 66, 2,70. 
Transparent, translucent Lustre vitreous. Colour 
various shades of blue and green. Streak lighter 
colour. 

Massive variebe s\ aggregations of crystalline particle:*., 
or globular and amorphous earthy masses. 

Found crystallized in Cornwall, at Bodeunmis m Ba- 
varia, in Brazil, in New Jersey, North Ameiica, 
and in some other places. 

• The compuet. earthy. varieties occur in several parts of 
Europe and America. 

b . Kykii iMiosinruiTK ? No. 489. 

E IS. 6 181. 

Occturs in reniform masses. Structure granular, com- 
pact.' Hard. 4 0, 4.5. Sp.gr. 2.5. Opaque. Lus- 
tie resinous. Colour pule ami bright straw-) ellovv. 
St i ehk the same. Shining. Feels greasy. Much 
lesenfibles iron sinter. 

•Found in Greenland. 

Schedule of Iron and Manganese, 
a . Wolfram. No. 414. 

Haiiy, 4.366. Plnl. 255. Haid. 2.387. I, eon. 343. 

Occurs in at inched and imbedded crystals, massive, 
and pseud omorphous. 

Piimarv loi m an Oblique rhombic prism. Cryst. fig. 
83. ' P,M' = 110°. 50'. M.M' = 1 01° 5'. Cleav- 
age parallel to the terminal plane and to both its 
diagonals, tha[ through the oblique diagonal very 
distmet. Fracture uneven. Hard, 5.0, 5.5. Sp.gr. 
7.1, 7.3. Opaque. Lustre imperfect metallic. 
( olour diuls hi own, brownish-black. Streak dark 
brown. 

Massive varieties , amorphous, structure crystalline, 

. columnar. The pseudomorphous crystals are 'notc- 
hed runs resembling those ol Sclieelate of lime. 

tYmnd very generally in tin mines, and in other veins 
in primitive rocks, 

< Silicate ef Iron, 
a. Oronstkdtite, No. 28 L 

Phil. 227. Haid. 3.90. Leon. 211. 

Occurs in small, thin, attached hexagonal prisms, 
sometimes in radiating groups, and massive. Pri- 
mary form a Rhomboid. Cryst. fig. 1(»6. Cleav- 
age perpendicular to the axis, distinct. Hard. 2.0, 
2.5. Sp.gr. 3.3(18. • Opaque.* Lustre vitreous. 
Colour black and brownish-black. Streak dull green. 

Mamve variety* tenHbrm. Structure fibrous. 

Found near Praftmun in Bohemia, and in Cornwall. 


b . Sjderoschiboute, No. 175. MinwaUigi 

E.J.S. 2.371. Leon. 778. 

Occurs in small three-sided and six-sided pyramids 
attached by their apex. Cleavage parallel to the 
base of the pyramids. The face of cleavage smooth, 
the planes of the pyramids convex. Hard. 2.0, 

3.0. Sp.gr. probably ubove 3.0. 

Supposed to he a variety of Crqjistedtite by Dr. Wer- 
nekingk, but the description is too imperfect for un 
exact comparison. 

Found at Conhonns do Cumpo. Brazil. 

c . Turaultte, No. 176. 

E.J.S. n.h. 1.185. 

Occurs in amorphous masses, accompanying iron 
pyrites, ut Bodcnmais, in Bavaria. Structure curved, 
foliated. Cross fracture uneven. Nearly opaque. 

Lustre vitreo-rcsinous. Colour brownisli-black 

d. Nontronite, No. 177. r 

E.J.S. 10.150. 

Occurs iu small nodules imbedded in an ore of man- 
ganese. Fracture earthy. Opaque. Dull. Colour 
pale yellow, sometimes greenish. Streak shining. 

Unctuous to the touch and very tender. 

Found near the viHugo of St. Pardon x, Arrondisse- 
ment of Nontron, Department of Dordogne, France. 

e. On i.oiiova i.. No, 174. 

Phil. 37 8. Haid. 3.85. Leon. 179. 

Occurs massive, amorphous. Structure compact, 
sometimes earthy. Fracture conchoidal, uneven. 

Hard. 3.0, 4 0. Sp.gr. 1.8, 2.0. Opaque. Lustre 
of the compact variety dull resinous. Colour green, 
si mict i ines redd i sh • brow n . 

Found near Unghwar, in Hungary. 

f. Green Iiu»\- asitii ? No. 357. 

Haul. 3.106. Leon. 237. 

Occurs remlorm, bnh^oidal, globular, and amor- 
phous. Surlace smooth. Structure thin fibrous, 
curved lamellar, compact, sometimes pulverulent. 

Lustre resinous. Colour green, of several Bhades. 

Streak yellowish-grey . 

Found at Schnecbeig, in Saxony, and is a very im- 
perfectly dclcnnmcd species. 

The specimens which have appeured in this Country 
us green iron-earth arc yellowish-green, with a fine 
granular fracture. . 

Silicate of Iron and Lime. 

a. Yf.mte. Jlvaite, ‘No. 280 * 

Haiiy, 4.91. Phil. 24. Haid. 2.414. Leon. 528. 

Occurs in attached crystals and rna^ve. 

Pnmnry form a Bight rhombic prism. CnvsT. fig* 

6L M . ]Vr=r 1 1 L 30'. Cleavage parallel to })ie 
long diagonal of the prism. Fracture uneven. 

Hurd. 5.5, 6 0. Sp.gr. 3.8, 4 0.^ Opaque. Lustre 
vitreous. C ol®ur black, sometimes brownish or 
greenish. Streak the same. v 

Massive varieties , amorphous, structure columnar, 
compact. 

Found principally at Rio la Marina, and Cape Ca- 
lamita in the Isle of Elba, and in Silesia, Norway, 

Siberia, and North Ameiica. 

Sulphate of Iron. 

a. Melanterite. * Green vitriol. No. 540. 

Daily, 4.140. Phil. 240. Haid. 2.41. Leon. 112/ 

Occurs in attached crystals,, massive, fibrous* and 
earthy* resulting from the decomposition of other 
Minerals. ’ 

Primary ioroi an Oblique rhornbieprism, t*,M ss 99® 
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Mmw»logy 20'. M,M' = 82° 20'. Cleavage parallel to all the 
'****'S mm ' primary planes. Fracture conchoidal. Hard. 2.0. 

Sp.gr. 1.832. Transparent, translucent. Lustre 
vitreous. Colour green, of several shades, yellow, 
and yellowish -brown. Streak white. Taste sweet- 
ish and astringent. 

Massive varieties , amorphous, structure granular, bo- 
tryuidal, reniform^stalactitic. Structure fibrous ; in 
thin fibres, filling the fissures of decomposing shale. 

Found in most mines in which sulphuret of iron 
occurs, and is frequently produced on the surface 
of cabinet specimens, it is also found in coal 
mines. • „ 

Red Sulphate of Iron ? 
a. Botryogene, No. 541. 

E.J.S. 9.48. 

Occurs in attached and aggregated crystals, die ag- 
gregations forming gltdiular, botryoidal, and rem- 
form shapes, with a crystalline surface. 

Primary form an Oblique rhombic prism, P.M = 
1 13° 37'. M,M' = 1 19° 5G'. Cleavage parallel to 
M,M', distinct, and indistinct parallel to another 
prism of 81° 44'. Hurd. 2.25, 2.5. Sp.gr. 2.039. 
Translucent. Lustre \itreous. Colour deep yellow- 
ish-red, yellow. Streak yellow. Less soluble than 
green sulphate. 

Found in the groat copper mine at Fahlun in Swe- 
den. 

Persy l ph ate of Iro n ? 
a. Misy, No. 543. 

E.J.S. 9.51, 

Occurs in the form of a yellow crystalline powder at 
Fahlun in Sweden, and at (ioslar in the Hartz. 
Cubic Sulphuret of Iron . 
a . Ikon Pyrites, No. 72. 

Hatty, 4.38. Phil. 217. Haul. 2.457. Leon. 057. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Ctibe. Cryst. fig. 56. Cleavage 
parallel to the primary planes, dihlinct, less so pa- 
rallel to the planes of the regular octahedron. 
Fracture uneven. Ward. 6.0, 6.5. Sp.gr. 4.60, 
5.03. Opaque. Lustre metallic. Colour brass- 

• yellow. Streak brownish-black. 

Massive vatieties , amorphous; structure granular, 
compact. B (ilobfllar, and staluctitic ; the surface 
drusy ; structflre fibrous or columnar, radiating. 
Occasionally in separate fibres. 

# Found in inosf parts of the World, and in some mining 

districts in great abundauce. 

it sometimes contains gold ; and in Sweden. Bohemia, 
and Anglesey in this Country u pale yellow vaiiety 
occurs in granular masses, containing selenium* 
Prismatic Sulphuret of Iron 
a . White I noiJ Pyrites, No. 73. 

Hally, 4.68. Phil. 220. fluid. 2.462. Leon. 660. 

Occurs in ay ached crystals and massive. 

Prinuiry form a Right rhombic prism. Cryst. fig. 71. 
M.M' = 106° 2' Cleavage parallel to M and M', 
distinct. Fracture uneven, Hard. 6.0, 6.5. Sp.gr. 
4,678. Opaque. Lustre metallic. Colour pale 
m whitish, greenish, greyish-yellow. Screak greyish* 
block. 

Massive varieties, botryoidal, reniform, stalactitic, 
and amorphous. Surface drusy. Structure di- 
• verging, fibrous, or columnar. * 

Found in most mining districts. 

VOL. vi. 


Magnetic Sulphuret of Iron, Mineralogy 

a. Magnetic Iron Pyrites, No. 74. J 

Hatty, 4.64, Phil* 22L Haid. 2.465. Leon, 6fc6. 

Occurs in imbedded hexagonal crystals, and massife. 

Primary form a Rhomboid. Cryst, fig. 106. P*F 
not ascertained. Cleavage parallel to all the planes 
of a regular hexagonal prism. Fracture uneven. 

Hard. *3.5, 4.5. Sp.gr. 4.631. Opaque. Lustre 
metallic. Colour pale yellowish and brownish-red. 

Liable to tarnish. Streak greyish-black. . * 

Massive varieties, amorphous. Structure foliated^ 
granular, compact. 

Found crystallized, accompanying native silver in 
Norway and the Hartz. Mu«sivc in Cornwall, 

Wales, North America, Bavatiu, Saxony, and many 
other places. 

Sulpho- arse n 'mrvt of Iron. , 

a. Mispickel. Arsenical. Iron, No. 111. 

Hatty, 4.28. Phil. 215. Haul 2 448. J,eon. 663. 

Occurs in attached or imbedded crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71 . 

M,M ' = 111 0 12'. Cleavage parallel to the pri- 
mary planes. Fracture uneven. Hard. 5.5, 6.9. 

# Sp.gr. 6.127. Opaque. Lustre. metallic. Colour 
* tin-white, sometimes with a yellowish tarnish. 

Streak greyish-black. 

Massive varieties, amorphous. Structure columnar, 
granular, compact. 

Found in most metallic veins in the older rocks. • 

Sulphuret. of Iron and Arsenic , 
a. Hu tt v. N n E uti it E. A x otofno u s A rsen ical Pyrites , N o. 

112. 

Haid. 2.448. 

Occurs crystalline and massive. 

Primary form a Right rhombic prism, Cryst. fig. 71. 

M,M ; = 122° 26'. Cleavage distinct, perpendicu- 
lar to the axis of the prism. Fracture uneven. 

Hard. 5.0, 5.5. Sp.gr. 7 228. Opaqite. Lustre 
metallic. Colour greyish-siUer- white. Streak 
greyish-black. 

Massive varieties , amorphous. Structure columnar, 
radiating, granular, fibrous? compact. 

Found near littttenbiirg in Carimhiu, at Reiehenstein 
in Silesia, and at Sehladming in Sliria. 

Titan iate of Iron, 

A very indiscriminate class of iron ores, some crystal- 
lizing in Cubes and others iq Rhomboids, and 
requiring a careful revision. 

The following descriptions have been given of some 
of the varieties. 

a. Ikon Sand, No. 389. 

Haid. 2.402. Leon. 365. 554. 

•Tficrc are so many loose, granular, and sandy va-. 
ricties of iron ore found in alluvial $oii, that no 
general description can be given which will com- 
prehend them all. They generally contain tita- 
nium, but occasionally consist t>f magnet ic*or oli- 
gistic iron only. 

b. Iserine. In larger grains, containing about 28 per 

cent, of oxide of Titanium. 

c. Menaccanite. Containing about 45 per cent. 

d . Nigrine, No. 390. 

Phil. 258. . Haid. 2.376. Leon. 362. 

Haidinger describes this as Rutile; but bpec'roens 
received in this Country as Nigrine* are altogether 
different, and resemble Menaccauite in lustre, 
colour, ami appearance of the fraettived: surfaces. 

3 o ■'/ 
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This may, therefore, be regarded as an uncertain 
species. 

a. Axotomous Iron, No. 891. 

Haid. 2.391. Leon. 366. 

Primary form a Rhomboid. Cryst. fig. 106. P,l v 
= 8.5° 40' nearly. Cleavage perpendicular to 
the axis, distinct. Fracture conchoidal. Hard. 5.0, 
5.5. Sp.gr. 4.66. Opaque. Lustre imperfect, 
metallic. Colour black. Streak black. 

Found at G astern in Salzburg, in Sweden, and in 
Siheria. 

/. Cuichtonite, No. 392. 

Unity, 4.98. Phil. 261. Haid. 2.399. Leon. 367. 

Occurs in attached crystals. 

Primary form a Rhomboid, Cryst. fig. 106. P,P # 
ss 61°20', or 85° 40', nearly, according to the planes 
assumed to be tile primary, there being no apparent 

'cleavage planes parallel to either set. Cleavage 
perpendicular to the axis. Fracture conchoidal. 
Haiti. 4.5. Sp.gr. 4.0. Opaque. Lustre imper- 
fect. metallic. Colour black. Streak black. 

Found at Oisans in France. 

The cleavage and other characters render it probable 
that, this may not differ chemically from the axotf- 
mous iron of Mohs. 

g. Mohritf., No. 393. 

P.M, and An. 1.221. 

Occurs in attached macled crystals. 

Primary form a Rhomboid. Chykt. fig. 106 P,P ; = 
73° 43'. No apparent cleavage. Fracture cou- 
choidul, Hard. 5.5. Opaque. Lustre metallic. 
Colour black. Streak black. Not magnetic. 

Found in Dauphiny, France, 


• 

Isopyre, No. 310. 

P.M. and An. 3.70. 

Occurs in amorphous masses in granite. Fracture 
conchoidal. Hard. 5.5, 6 0. Sp gr. 2.912 Nearly 
opaque. Lustre vitreous. Colour black, or greyish • 
black, sometimes dotted with red. Streak greenish- 
grey. Slightly magnetic. 

Found in the Western part of Cornwall, where it had 
been called black opal. 

Ittnf.uitl, No. 241. 

Leon. 749. 

Occurs crystallized in Rhombic dodecahedrons and 
massive. Structure compact. F raeture uneven. 

Haul. 5.5. ^p.gv. 2 3. Lustre resinous to vi- 
treous. Colour grey of different shades. 

Found at Kuiserstuhl in Swabia. 

Kakoxene, No 503. 

K.J.S. 5.163 Leon. 749. 

Occurs m thin fibrous radiating tufts or plates fVling 
narrow fissures in a clayev -brown ironstone at Zbi- 

• row in Bohemia. Colour yellow of several shades 
and sometimes brow rush-red. ‘ 

Karpholjte, No. 312. 

Phil! 22. Haid! 3. 1 1 6. Leon. 209. 

Occurs in slender crystuls and silky fibres. 

Primary Form unknown. Sp.gr. 2.955. Lustre of 
the crystals vitreous, of the fibrous masses silky. 
Colour yellow, sometimes pale. 

Found at Schlackenwalde in ‘Bohemia. 
tYEFPKicxL&rrfi, No. 358. 

Leon. 181. 

A Mineral from thc^Crtmea, so named by Fisher of 
Moscow) not analysed or diwwjrityc#. 


Killinite, No. 223. IlBaaialogy 

Phil, 322. Haid. 8.117. Leon. 750. ’—v - *"' 

Occurs in imbedded imperfect crystals and massive. 

Cleavage parallel to the lateral planes and short dia- 
gonal of a rhombic prism of about 135°, Phil. 

Fracture uneven. Hard. 4.0. Sp.gr. 2.698. Trans- 
lucent, opaque. Lustre dull vitreous. Colour 
brownish or yellowish-green, or greenish-grey. 

Streak yellowish-white. 

Massive variety , amorphous, structure columnar, pro- 
miscuously urranged. 

Found at Rilliney near Dublin, Ireland. 

Knkbelite, No. 288. « 

Phil. 206. Haid. B-lls. Ix?on. 751, 

Occurs massive, with a cellular and uneven surface. 

Fracture imperfectly conchoidal. Hard. Brittle. 

Difficultly frangible. Sp.gr. 3.714. Opaque. 

Lustre glistening. Cqlour grey, with spots of dirty 
white, brownish-red, brown, and green. 

No locality given. 

Labrador! rr. Labrador Felspar. Pels path Opaline , 

No. 234. 

Hafiy, 3.94. Phil. 115. Haid. 2.257. Leon. 430. 

Occurs in rolled Sir imbedded crystalline masses. 

Cleavage parallel to all the planes of a Doubly 
oblique prisui. Cryst. fig. 95. P,M “ 93° 55'. 

P,T = 114° 26'. M,T = 12(P 40' Fracture uneven. 

Hard. 5.5, 6.5. Sp.gr. 2.69, 2.76. Translucent. 

Lustre vitreous. Colour grey, white, with rich iri- 
descent colours in particular directions. 

Found principally in rolled masses cm the coast of 
Labrador, and in Devonshire imbedded in a trap 
rock. The while variety, which may possibly be 
Cleavelaudite, is from Greenland. 

The above measurements, which were taken on distinct 
but not bright cleavage planes, approach so very 
nearly to those of Cleavelaudite as to create a doubt 
whether they really dificr. 

Latkomte. Diploitc . AmphotMite? No. 316. 

Phil. 3 SO. Haid. 3.1 IS. Leon. 165. 

Occurs in attached and imbedded crystals and massive. 

Primary form a Doubly ol^ique prism. CiiYsr. fig. 

95. Measuring 9 1 5 , 93° 30', and 9H°S0\ nearly. 

Cleavage parallel to all the primary planes. Frac- 
tal e uneven. ITaid. 5.Q, 6.0. Sp.gr. 2.72, 2.8. 
Translucent. Lustre vitreous. Colour pale red. 

Found at Amitokldfland, Labrador ancf in Finland. 
Laumomtk, No. 217. 

Huiiy, 3.15L Phil. 45. Haid. 2.2B4. Leon. 200. 

Occurs in attached and aggiegated crystals and massive. 

Primary form an Oblique rhombic prism. Cryst, #g. 

S3. 1\M = 1 13° 30'. M ,M ' = 86° 1 5 r . Cleavage 

parallel to M,M' t distinct. Fractpre uneven. Sp.gr. 

2.2. Translucent, opaque. Lustre vitreifUs. Colour 
greyish, yellowish, reddish- white. Mreuk white. 

Massive varieties , amorphous, structure granular. C 
By exposure to the air it loses its' water of crystalliza- 
tion, and becomes friable. * 

Found at Huelguet in Brittany, in Hungary, Faroe, 

Iceland, Scotland, and Ireland. 

Lava, No. 250., 

Leon. 181. 413., * 

Occurs as tf volcanic product In more or less compact* 
or vesicular nfiasses. Fracture uneven. Hardness 
at*4 Sp.gr. variable. Translucent, opaque. Lustre 
vitreous. Colour greyish and greeiuah-black, brown, * 
red* grey. 
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Mine ralogy Found at Vesuvius, Etna* and other volcanos. 
‘*" - * v **^ Laeujlitk. Lapis Lazuli , No. 564. 

Haily, 3.54. Phil, 44. Haid. 2.288. Loon. 136.460. 

Occurs in imbedded dodecahedral crystals and massive. 

Primary form a Cube. Cryst. fi*r. 56. Cleavage 
parallel to the planes of the rhombic dodecahedrou, 
indistinct. Fracture uneven. Hard. 5.5, 6.0. Sp.gr. 
2.76,2 94. Translucent, opaque. Lustre vitreous. 
Colour blue of different shades. Streak paler blue. 

Massive varieties. Amorphous, sometimes in small 
, imbedded grainy ; structure fine granular, compact. 

Brought from Persia and China, but neither its locality 
nor its gdhlogical relation* are known. 

Used in the mawufactuie of ultramarine, and in jewel- 
lery, as ornamental stones 

Lead. 

• 

A laminate of Lead, 
a. Pl.OMBGOMME, No. 151. 

Many, 3.410. Phil. 338. Haid. 3.140. Leon. 229. 

Omits in small globular ami rcnilorm masses, com- 
posed of thin concentric la\ers. Structure of the 
ln\ers indistinctly fibrous. Fracture uneven. Hard. 
4,5, 5.0. Translucent. Colour yellow, sometimes 
brownish. 

Pound at Huelguet in Brittany. 

Arsen /ate of Lead. 

a (ion lan mtu. Won/ere when in reniform masses, 
No. 47 5. 

! lafiv, 8.3S5. Phil. 345. IJaid. 2.133. Leon. 272. 

Occurs in attached crystals, in the form of regular 
hexagonal prisms, frequently with convex lateral 
planes, and massive. 

Primary form u Rhomboid. Cry«t. fig. 106. Cleav- 
age parallel to the lateral planes of the hexagonal 
prism. Hard. 4.0, 5 0. Sp gr. 5.0, 6.4. Trans- 
parent, translucent. Lustre resinous. Colour 

pale dull udlnu" yellowish and reddish-brown. 

Massive varieties* reniform, structure compact. Frac- 
ture conchoidal. Spgr. 3.9. Opaque. Lustre 

, resinous. Colour brifcvnishied. From Nerlschinsk 

. in Siberia. 

* Found in Cornwall, at St. Pri\ in France, and in a 
•; few other places^. • 

ft. Aiisen ite a>f Lead ! No. 47 6 % 

• Specimens of a* pale yellow substance in fine fibres, 

soft, and easily reducible to an impalpable powder, 
have passed under this name, but we do not find 
any published account of it. 

* Carbonate of Lead. 

n, Carbon ate of Lead, No. 458. 

Ilatt\, ^.365. •Phil. 338. Haid. 2.130. Leon# 290. 

Occurs in touched crystuls, in aggregations of colutn- 

• nur crystals, and massive. 

Primary form a .Right rhombic* prism. Cryst. fig. 
71. M,*M ; = 117? 14', Cleavage parallel to all 

the primary planes. Fracture conchoidal. Hard, 
3.0, 8.5. Sp.gr, 6.465. Transparent, translucent. 
Lustre adamantine on the cleavage planes, resinous 
on the fracture surfaces. Colour generally white, oc- 
• casionally grey, y allow, green, "black. Streak white. 

Massive varieties, amorphous; structure columnar, 
granular, compact. 

# Found ip moat lead mines, and occasionally in those 
of other metals, In many parts of Europe, Asia, 
and America, and used* as an ore of lead. 


Chloride of Lead. Mineral o|y 

a. Chloride of Lead, No. 63. 

Occurs in small, thin, flat, white, opaqtie crystal#, ac- 
companying murio-carbonate of lead front Cornwall, 
ft. C’hloho-carbonate of Lead. Murio-cfflbonate of 
Lead , No. 65. 

Haily, 3.374. Phil. 343. Haid. 2.150. Leon. 294# 

Occurs iti attached crystals. 

Primary form a Square prism. Cryst. fig. 65. Cleav- 
age parallel to the primary planes* distinct. Frac- * 
ture uneven. Hard. 2.5, 3.0. Sp.gr. 6.0. Trans- 
parent. Lustre adamantine. Colour white, pale 
grey, yellow, and green. Streak white. * # 

Found at Matlock. Derbyshire, and in Cornwall. 
c. Berzelitk. Chforo-oTide of Lead, No. 64. 

Plaid. 2.151. Leon. 416. 4 

Occurs in crystalline amorphous masses. Cleavage 
parallel to the lateral planes, and short diagonal of 
a rhombic prism of 102° 30'. Fracture uneven. 

Hard. 2.5, 3.0. Sp.gr. 7.077. Translucent. Lustre 
adamantine. Colour yellowish-white, pule yellow, » 
and red. 

Found near Chufehill, in the Mendip Hills, Somer- 

• set shire. * 

. Chromate of Lead. 

a. Chromate ok Lead, No. 421. „ 

Hatty, 3.357. Phil. 349. Haid. 2.1 37. Leon. 337. 

Occurs in at Inched crystals and massive. 

Primary form an Oblique rhombic prism. Cryss. 
fig. 83. P.M = 99° lu\ M,M' =93° 30'. Cleav- 
age parallel to the primary planes, indistinct. Frac- 
tnre uneven. Hard. 2.5, 3,0. Sp.gr. 6.004. Trans- 
parent, translucent. Lustre adamantine. Colour . 
red. Streak orange-fellow. • 

Massive earn ties, amorphous; structure columnar, 
granular. 

Found principally at Bcrezof in Siberia, and recently 
in Brazil. • ^ 

Chromate of Lead and Copper 
a. Vai quf.linitf, No 422. 

Phil. 350. 1 laid. 3.167. Leon. 339. 

Occurs in minute attached crystals, and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 

83. Fi act lire uneven. Hard. 2.5, 3.0. Sp.gr, 

5.5, 5.78, Nearly opaque. Lustre adamantine. 

Colour greenish-black, black. Streak greenish. 

Masstvf varieties , botryoidnl, reniform, amorphous ; 

structure fine granular, compact. 

Found at Bcrezof in Siberia, with chromate of lead. 

Molybdate of Lead, 
a . Carinthitf., No. 417. 

Hatty, 3.397. Phil. 348. Haid. 2.140. Leon. 340. 

* Occurs in attached crystals and massive. 

Primary form a Square prism. Cryst. fig 65. 

Cleavage parallel to the primary planes, ancl to 
those of Mod. c\ Cryst. fi» . GR, Fracture un- 
even. Hard. 3,0. Sp.gr, 6*760. Transparent, 
translucent. Lustre resinous. Colour yellow of 
different shades, greenish-red, and red. | t 

Found chiefly in Carinthia, ulso in Austria, Hungary, 
and in North America. The red at Moldawa in 
the Bannat. 

Oxide of Lead with Molyb. Carb. Mur. Phonp. 
and Chromic Acids ♦ 
a. Pamplonwe;* No. 413. 

E.N.PJ. 12.142. 

Occurs in small amorphous concretions in a decom- 
3 v 2 
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Mineralogy posed n y e niie. Heavy. Sp.gr. 6.0. Colour green* 
, ^™ J i isb-yellow. 

Found in the Paramo Rico, near Pamplona, South 
America. 

Native Lead, 

a. Native Li: ad, No. 10. 

Phil. 332. Haiti. 3.129. Leon. 695. 

Occurs in small, amorphous, imbedded masses in lava 
0 or some other fused substances. Fracture hackly. 

«■ ,Hard. i.5. Sp.gr. 11.35. Opaque Lustre me* 

t tall ic. Colour lead-grey. Streak shining. 

Found in Madeira and some other places, and at 
' Alston in Cumberland. 

Red Oxide of Lead, 
a. Nativk Minium. No. 135. 

* Haiiy, 3.352. Phil. 337. Leon. 559. 

Occurs in compact and pulverulent amorphous masses, 

, « supposed to arise from the decomposition of ga- 

lena. Hard. 2 0, 2.5. Sp.gr. 4.6. Dull. Colour 
bright red. 

f Found in Yorkshire, in Swabia, Siberia, and some 

other places. 

Yellow O Tide of Lead. * 

• a . Native Massicoi, No. 134. «* 

An. 5.47. Leon 

Occurs in amorphous masses. Fracture earthy. 
Brittle. Spgr. S.O. Opaque. Dull externally, 
internal I v semi 'metallic. Colour yellow. 

, Found at Eschweiler. 

Ph osph a f e of Lead. 

a. Pyromokpiij n:. No. 493. 

JIaiiy, 3.385. Phil. 314. fluid. 2.133. Leon. 272. 

Occurs in attached crystals, generally in the form of 
regular hexagonal prisms, frequently with the 
lateral planes convex, sometimes slender and fasci- 
culated; and massive. 

Primary form a Rhomboid. Ciivst. fig. 196. Cleav- 
age parallel to all the planes of the prism, and to 
the truncation of its terminal edges. Fracture un- 
even. Sp.gr. 7.09S. Transparent, translucent. 
Lustre resinous. Colour grey, green, brown, 
i Massive varieties , globular, reniform, botrvoidal ; 

structure fibrous. Amorphous structure fibrous, 
granular, compact. 

Found in most lead mines. 

b. Puosimiato-akseniati: ok Lead, No. 494. 

Haiiy, 3.3S5. Phil. 345. Haid. 2.133. Leon. 272 

Occurs in attached ai f id aggregated crystals similar in 
form and most other characters to phosphate. Co- 
lour various shades of yellow. 

Schedule of Lead. 
a. Scheklati: up Lead, No. 415. 

Phil. 350. llaid. 3 165. Leon. 345. 11 e 

Occurs in attached and aggregated crystals. 

Primary form a Square prism, (Cryst. fig. 65,) of the 
same dimensions as that rtf Molybdate of lead. 
Cleavage perpendicular to the axis of the piism, and 
parallel to planes o \' Mod, c, Cryst. fig. 68, Frac- 
ture couchoidal. Hard. 3.0. Sp.gr. 8.0. Trans- 
‘ 1 lucent. Lustre resinous. Colour yellowish and 

brownish-grey. 

Found at Zinncwakl in Bohemia, and Bleiberg in 
Cariitthia. 

Seleniuret of Lead. 

~ j. SiasNUMftT No. 47. 

'.fill, *.». 284, Leon. 590.; 

^ Occurs' io ayorphotm masses ; structure granular, and 


nearly resembling fine-grained galena. Softer than 
galena. Sp.gr. 7,697, Opuque. Lustre metallic, *-«***/—•*- 
rather dull. Colour more blue than galena 
Found at Clausthal and Tilkerocle iu the Harts, ac- 
companied by some of the following varieties* 

b. Seleniuret of lead and cobalt , No. 48. 

c. . . . ... copper. No. 49. 

d. Cupriferous seleniuret of lead. No. 50. 

e. Seleniuret of lead and mercury , No. 51, 

f ... ... copper and silver. No, 52. 

These are said to resemble seleniuret of lead so nearly 
as to be scarcely distinguishable from it. 

Sulphate of Lead. , 

a. Anoi.esite, No. 548. 

Haiiy, 3.402. Phil. 346. Haid. 2.142. Leon. 249. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Ciivst. fig. 

71. M,M' = 103° 42J, Cleavage parallel to the 
primary planes. Fracture couchoidal. Hard, 

2.5, 3.0. Sp.gr. 6,298. Transparent, translucent. 

Lustre approaching to adamantine. Colour white, 
sometimes greyish, yellowish, greenish, giey, and 
brown of several shades, black. Streak white. 

Massive varieties, amorphous, structure laminar, 
granular, compact. 

Found in lead and copper mines at Lead hills, Scot- 
land, in Anglesey, in Cornwall, the Hartz, and 
other places in Europe, and in North America. 

Cupreous Sulphate of Lead 
a. Linaritk, No. 549. 

Phil. 347. llaid. 2.143. Leon. 251. P.M. and 
An. 10.267. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P,\l - 96° 25'. M,M r =6r j . Cleavage 
parallel to 1\ and to the horizontal diagonals ol the 
terminal planes. Fracture uneven. Hard 2 5,3.0. 

Sp a*r. 5.3, 5.43. Transparent, t anshicent. Lustre 
adamantine. Colour deep blue. Streak pale blue. 

Found at Linares in Spain, and at Lead hdls, Scot- 
land. 

Sulphate and Carbon uo <j Lead . 

a. Lanauki rn. Sutphato carbonate of Lead, No. 550. ■ y 
Phil. 311. Haul. 2.143. L eon. 253. 

Occurs m long, slender crystals, single or aggregated 

into fibrous masses. 1 1 

Primnty form an (Vblique rhombic prism, the angles 
of which have not been ascertained. The crystals 
arc lengthened in the direction of the horizontal 
diagonals of the terminal planes. Hard. 2.0, 2.5, 

Sp.gr. 6.8, 7.0. Transparent, translucent. Lustre 
nearly resinous, but pearly on the cleavage plunes. 

( Colour greenish, yellowish, or< greyish. Streak 
white. 

Found at Lead hills in Scotland. '* 

b. Caledon iik. Cupreous-sulphate -carbonate of Lead , 

No. 551. 

Phil. 342. Haid. 2.119. Leon. 254. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M( = 95 . Cleavage parallel to the pri- 
mary planes, .and to the short diagonal of the 
prism. Fracture uneven. Hard. 2.5, 3.0. Sp.gr/ 

6.4. Transparent, translucent. Lustre resinous. 

Colour blue and greenish-blue* Streak bluish or 
greftnish-whitc. 

Found ut Lead hills in Scotland. 
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Mineralogy c. Suzannite. Sylphaio-tri carbonate of Lead^o. 552. 
~**v+*- / Phil, 341. Haiti. 2.144. Leon. 252. 

Tim Mineral occurs, as carbonate of lime does, under 
two forms. One an Acute rhomboid, Cryst. fig. 
106, P,P' == 72° SO' ; and the other a Right 
rhombic prism, Cryst. fig. 71, M,M' = 120°. 

Mr. Huidinger has regarded this last ns an Oblique 
rhombic prism, a difference of opinion which may 
perhaps be expTuiucri by his own observations on 
Mr. Levy’s Huniboldtite ; the compound figures 
given by him in Edinb. Plul. Tram, 10.217. being 
• purely imaginary. 

The cleavage of both forms is perpendicular to the 
axis, afid very distinct* I laid. 2.5. Sp.gr. 6.3. 
Transparent, translucent. Colour grey-brown, yel- 
low, green of various shades. Streak white. 

Found at Lead hills in Scotland. 

Sufphu n’t of Lead. 
a. Galena, No. S3. • 

Hauy, 3.341. Phil. 332. Ilaid. 3.13. Leon. 625. 

Occurs in attach' d crystals, and massive. 

Primary form a Cube. Oiiyst. fig. 50. Cleavage 
parallel to the primary planes. Fracture con- 
choidal. Hard. 2 5. 8p.gr. 7,568. Opaque. 
Lustre metallic. Colour lead-grey. Streak the 
Bame. 

Massive varieties, amorphous, structure granular, 
compact. 

Found abundantly in many places in Europe, Asia, 
and America. 

Sulphuret of lead is occasionally found to contain 
antimony, aiseuic, silver, bismuth, and copper. 
Sulpha ret of Lead, Antimony , and Copper, 
a. Bouhnomte. Endelhone. Triple Sulphuret , No. 97. 

Phil. 336. Haul. 3 5. Leon. 613. 

Occurs in attached eiystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M* = 93° 30' nearly. Cleavage parallel to 
the primary planes, and to both the diagonals of 
the prism. Fracture uneven. Hard. 2.5, 3.0. 
Sp.gr. 5.763. Opaque. Lustre metallic. Colour 
approaching to steel-grey, sometimes blackish-grey. 
Streak the same. * 

, Massive rarietiesy amorphous, structure granular, com- 
pact. 

Found in Cornwall, ^md in several parts of Europe, 
and m Peru. » 

Vanadiate of Lead, 
a. John stonite, No. 484. 

E.J.S. n.s. 5.166. 


Occurs in attached hexagonal crystals, and small glo- 
bular concretions, frequently sprinkled over a sur- 
face of Calamine. 

Primary forin*ti Rhomboid. Cryst. fig. 106. •Frac- 
ture coqphoidal. Sp.gr. 6.99, 7.23. Translucent. 
Opaque. Lustre of the fractured surface resinous. 
Colour yellow and reddish-brown. Streak white. 
Found atAVttulockhjead in Scotland. 


liEELlTK, No. 317. 

Phil. 21. Haul. 3.119. Leon. 757. 

Occurs in amorphous masses. ' 

Structure compact. « Fracture * coucfyoidal. Sp.gr. 

2.7. Slightly translucent. Lustre waxy. Colour 
6esh-red. 

Found at Gryphytta in Sweden, and, wherf first dis- 
covered* passed under the name of red hornstone. 


Leucite. Amphigene t No. 233, ^IHieiakigy 

Hauy, 3.61. Phil. 107. Haid, 2.290. Leon, |35, ■ Simoom* 
Occurs in imbedded trapezohedr&l crystals,* and 

massive. 

Primary form a Cube. Cleavage, parallel \o the 
planes of the cube and rhombic dodecahedron. 

Fracture cotichoidal. Hard. 5.5, 6,0, Sp.gr. 

2.48jk Transparent to opaque. Lustre vitreous* 

Colour greyish, yellowish, or reddish- white, and 
different shades of grey. Streak white. * 

Massive variety , amorphous, structure granular# % 

Found in the lavas of Vesuvius, and the basalts Oi 
Italy and Bohemia. • < 

Levynk, No. 206. 

Haid. 3. 120. Leon. 758. 

Occurs in attached crystals, lining cavities in trap 
rocks. 

Primary form a Rhomboid. C ryst. fig. 106. 

79° 29'. Cleavage puiallel to the primary planes. 

Fracture conchoidal. Hard. 4.0. Sfp.gr. 2.15. 
Translucent. Lustre vitreous. Colour white. 

Streak white. 

Found at Dalsnypen in Faroe, in Ireland, and in a 
few other places. 

It is said by Berzelius to be a variety of Ckabasie. 

Liikrzolite, No. 359. 

Gal. 168. Leon. 505. 

Occurs in imperfectly formed crystalline grains, im- 
bedded in greenish -yellow steatite. Sp.gr. 3.54. 
Transparent. Colour emerald-green. 

Found on the banks of Lake Lherz, in the mountains 
Du Consent ns, Pyrenees. 

Lie ua 1 1 1 , Vo. 318. 

Phil. 2u7. Haul. 3.121. Leon. 758. , 

Occurs in imbedded crystals in a talcose rock. 

Primary form nn Oblique rhombic prism. Cryst. fig. 

63. M,M' — 140°. Fracture uneven. Hard. 

5 0,6.0. Sp.gr. 3 49. Transparent^ translucent. 

Lustre vilreu-re.dnous. Colour yellowish-green. 

Streak greyish- white. 

Found on the banks of the Stum in the Apennines. 

Specimens of yellowish -green S phene have been 
brought to this Country as Ligurite. This, how- 
ever, cannot be the Mineral examined by Viviani, 
if his analysis be correct; for his Mineral does not 
contain a particle of tit auic acid, of which Sphene 
contains from 33 to 40 per cent. 

Limhilitk, No. 360. , • 

Phil. 208. Leon. 533. 

Occurs in irregular grains in the volcanic hill of 
Limhourg. Structure compact. Hard. 6.0, 7,0. 

Colour honey-yellow. 

Lime. 

* • 

A r satiate of Lime, 
a. Pharmacolite, No. 466. 

Hatty, 1.587. Phil. 178. Haicf. 3.195. Lebn. 160. 

E.J.S. 3.302,6.317, 

Occurs generally in small, silky tufts, or minute glo- t 
bular and botryoidal fibrous masses, coating other 
suhstanees, and very rarely in attached crystals. 

Crystallized . 

Primary form an Oblique rhombic prism. Cryst, fig, 

83. M,M'= 117° 24'. Cleavage parallel to the 

oblique diagonals of the terminal planes. Frac- 
ture uneven. Hard. 2.0* 2.5. 8p.gr* 2.780* 
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lfiomlogy Transparent, translucent. Lustre vitreous. Co- 

^ (our yellowish-white. Streak white. Thin laminte 
-are flexible. 

Locality unknown. 

Fibrous . 

Very soft. Sp.gr. 2.64. Translucent, opaque. 
Lustre vitreous, pearly, dull. Colour white, grey- 
ish and reddish-white. t 

Found at Audreasberg* Hartz, in Thuringia, and 
* some few other places. 

b, Haijuinobkite, No. 467. 

EJ S. 3.303. 6.317. Leon. 1 60. 

* Occurs iu attached crystals, and in pearly, botryoidul, 
crystalline coats. 

Primary form a Right rhombic prism. Crvst. fig. 71. 
M,M 7 = 100°. Cleavage parallel to the short 
diagonal of the terminal planes, very distinct. 
Tllurd. 2.0, 2.5. Sp.gr. 2.848. Transparent, trans- 
lucent. Lustre vitreous. Colour white. Streak 
\vhit<£ Thin lamina* slightly flexible, 
locality unknown. 

Boro-silicate oj‘ Lime, 
a , Dathoutk, No. 426. 

Hatty, 1.590. Phil. 177. Haul. 2.222. Leon. 285 
Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. CnYST. fig 73. 
M,M'= 103° 40': Phil. Cleavage parallel to 
the lateral planes, very indistinct. Fracture un- 
even. Hard. 5.0, 5.5. Sp.gr. 2.989. Trans - 

* lucent, opaque. Lustre vitreous, that of the frac- 
ture surfaces slightly resinous. Colour greyish, 
yellowish, greenish-white. Streak white. 

Massive variety , amorphous, structure granular 
Found Areudal in Norway. 

Uumbolotite, No. 427. 

Phil. 380. Haid. 2.222. Leon. 28G. 789. 

Occurs in attached crystals. 

Primary 4 form an Oblique rhombic prism. Citvsr. fig. 
' S3. PA fig. 91 =91° 4 P. M,M'= 115° 45'. 
Levy. Cleavage parallel to the oblique diagonal of 
the prism. Fracture conehoidal. Hard. 4.5, 5 0. 
„ Sp.gr. 2.99. Transparent, translucent, opaque. 

Lustre vitreous. Colour white, sometimes yel- 
lowish. Streak white. 

Found in the Tyrol, in the Hartz, in North Ame- 
rica, and in the'Tieighbourhood of Edinburgh. 

It is probable that this will be found to correspond 
with Datholitl' in* form and measurement, as it 
does in chemical composition ; and that Mr. Levy 
has been deceived by the imperfection of the crys- 
tals he examined. 
c\ Botryolite, No, 428. 

Hiiuy, 1.591. Phd. 177. Haid. 2.222. Leon. £87. 
Occurs in reuifonn, globular, and botryoidal masses. 
• Structure fibrous, in concentric coats. Sp.gr. 2.8. 
Translucent on the edges, ■sometimes opaque and 
earthy. Colour pale yellowish and reddish-grey, 
occasionally bluck on the surface. Streak while. 
Found at Arendal in Norway, 
i Rhomboidal Carbonate of Lime> No. 441. 

L Crystallized, 

a . Caucite. Calcareous Spar , Iceland Crystal, 
Hatty* 1.298. Phil. 147. Haid. 2.83. Leon. 309. 
Occurs in attached and imbedded crystals and crys- 
talline iqassea, and occasionally stalactitic. 

Primary form a Hhqluboid. Cimiyflg. 106. P, P' = 
105° 5'. t parallel tq the primary planes, 


very distinct. Fracture conehoidal* seldom observ* Mtaesmiog 
able. Hard. 3.0. Sp.gr. 2*721. Transparent* 1 “v - * 1 * 

translucent. Lustre vitreous. Colour generally 
white, occasionally grey, blue, green, yellow, red, 
brown, black. Streak white, or slightly co- 

loured. 

Found in veins and in rocks of every formation in all 
parts of t lie World. 

2. Foliated , 

a. ScntKFF.RSPAit. Slate Spar . 

Haiiy, 1.430. Phil. 149. Haid. 2.83. Leon. 316. 

Occurs massive. Structure laminar, the laming 

being thin and generally curved or f wavy. Sp.gr, 
about 2.5. Translucent. Lustre vitreous on the 
edges, pearly on the surface of the lamina*. Co- 
lour wbi e, sometimes reddish, yellowish, greenish. 

Streak white. 

Found in England, Scotland, Ireland, anti in other 
parts of the World. * 

3. Pearly. 

a. Apiiuite. F.cume de. Terre, Schaumerdc. 

Phil. 150. Haid. 3.72. Leon. 776. 

Occurs in thin, white, pearly scales or plutes. Hard. 

0.5, 1,0. Sp.gr;. 2.5. Opaque. Lustre pearly 
in a high degree. Colour white. Streak white. 

Found in Saxony, Jlessia, and some other places. 

4. Columnar. 

a. Anthraconite. Madreponte. 

Hauy, 1.358. Phil. 160. Haid. 2.83. Leon 317. 

Occurs in roundish masses. Structure columnar, di- 
verging. Hard. 3.0. Sp.gr. 2.7. Opaque. Lustre 
vitreous. Colour greyish-black. 

Found in Norway, Sweden, Greenland, and one or 
two oilier places. 

5. Fibrous, 

a. Stalactite. 

llatty, 1.364. Phil. 151. Haid. 2.83. Leon. 319. 

Occurs renifbrm, Muluctitic, tubular, and in other imi- 
tative shapes. Structure fibrous. Translucent, 
opaque. Lustic resinous, wax}, sometimes silky. 

Colour while with shades of grey, brown, red, \el- 
low, and other colours. Streak whitish. 

Found in fissures and caverns, in calcareous rocks, and / 
occasionally in metallic veins. 

6. Grnnnlat and compart. 

a. M ankle. b. Limes ton r. * ** * 

Haiiy, 1.359. Phi/. 152. Haid. £.83.' Leon 316. 

Occurs massive, the masses sometimes forming con- * 
snlerahle mountains. % 

Those varieties which are capable of receiving a fine 
polish are commonly termed Marble , the purest 
and most crystalline of which ore employed in 
statuary. The Pentelic, found n$ar Athens, and 

* the Carrara from the Gulf of Genoa, a re the most 
esteemed. a 

The less pure varieties, which are generally less cr/s- 

* talline in their appearance, and more compact in 
their structure, although' they differ much from 
each other in colour and composition, pass under 
the common name of Limestone , and arte applied to 
many well -Jk now n economical purposes. Some of 
the common limestones contain a considerable pro- 
portion of silex, alumina^and other earths The* 

Calp in Ireland, the Aberthaw and the Lias in 
thf£ Country, and the Septaria y or Nodules, as , 
thiy are termed, found in the Londou clay, and <> f f 
which the Roman cement w made, are impure 
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^ 0C **JW limestone. The impurity, however, rendering 
them more valuable us cements. 

The fracture of the granular varieties is uneven and 
splintery, that of the more compact is even and flat 
conchoidal. Hardness and Sp.gr. rather below that 
of calcareous spar. Translucent to opaque. Lustre 
variable. Of almost all colours. Streak white 
or slightly coloured 

Found abundantly in every part of the World. 

7. Earthy . 

a. Chalk. Agaric Mineral. Hock Milk. 

• Hatty, 1.362. Phi*. 158. 1 50. II aid. 2 83. Leon. 321. 

Chalk occurs in beds of very considerable extent. 
Fracture earthy. Soft. Sp.gr. about 2.3. Opaque. 
Dull. Colour white, sometimes yellowish or grey- 
ish. I h meagre to the touch. 

Agaric Mineral is a spongy carbonate of lime, the 
particles of which are ^ess coherent than those of 
chalk, will) which it agrees in colour and most of 
its other characters. 

* Rock Milk is an absurd name for a variety of carbo- 

nate of lime, w'liich occurs in the form of a fine 
white powder in the crewees of calcareous rocks A 

Found in several parts of Englalid, and in other Coun- 
tries. 

8. Globular Concretions 

а . Pisolite. V custom *. 

Hatty, 1.369. Phil. 158. Haiti. 2.83. Leon. 319. 

Occurs massive, consisting of globules from one eighth 
to half an inch in diameter, imbedded in a calca- 
reous cement. Opaque. Colour brownish, red- 
dish, yellowish-white. Streak white. 

Found at Carlsbad, and a few other places 

б. Oolite. Roestone . 

Hatty, 1.360. Phil. 157. Haul. 2.83. Leon. 31 S. 

Occurs massive, in beds of considerable extent, formed 
of small globules of different sizes, seldom as large 
as one-eightli.of an inch in diameter, cemented to- 
gether by calcurewns matter. Opaque Dull Co- 
lour greyish, brownish, yellowish white. Streak 
white. 

The Bath stone affords # a good example of this sub- 
stance 

•9. Jncrusting. Sedimentary. 

a Tufa. 'Trace Hi no. 

t Hufiy, 1.370. Pil'd. 1*60. II aid. 2 03. Leon. 320 

The most iitipurf and irregular*of all the varieties of 
• carbonate of lime, varying considerably in the co- 

hesion of tts particles, from a nearly pulverulent 
state (some Tufas) to that of a compact building 
stone. (Travertine,) It is a concrete production 
of many springs and streams in this and other 
Countries, jmd may be observed in abundance at 
Mutlo?k in Derbyshire, near Cambridge, near V eut- 
nor in the Isle of Wight, and in some other 

• places. * 

ft is found incruoting grass and moss at the edges 
of the wafer, and stoms, leaves, and other substances 
immersed in it. Small baskets and birds’ nests 
coated with this deposit, are sold as objects of cu- 
. riosity. ^ 

. Prismatic Crkbonate of L\me> No. 442. 

# • *#. Arraoonite. The doralloidal variety 9 > Flos-ferri. 

Hatty, L432, Phil.. 161. Haid.2.79. Leon. 324. 

Occurs in attached and imbedded, simple apd com- 
# pound crystals, frequently acicular, and massive. 
Primary form a Bight rhombic prism, Cryst, flg. 71. 


60S 

M,M' = 116° 10*. Cleavage parallel to the late- aHltotogy 
ral planes. Fracture uneven. Hard. 3.5, 4.0. ''*&+**** 
Sp.gr. 2.9 . Transparent, lignslucent. Lasted vi- 
treous. Colour white, greyiJpddish-bro w n. Streak 
greyish-white. 

Massive varieties. Globular, reniform, cofalloidal, 
and amorphous. Structure fibrous, either parallel 
or diverging, and sometimes, although rarely, Com- 
pact. 

Found in several places in England, Scotland, and 
Ireland, and in many other Countries. The bet* 
crystals occur at Arragon, in Spain, whence the 
name, at Leogang in Salzburg, and near lliliii in 
Bohemia. And very perfect masses of the hrauched 
variety (flos-ferri) at Dufton, and in the Quantock 
hills in Somersetshire. 

0 . Satin Spar? # 

Phil. 150. Haid. 2.83. Leon. 315. 

< )ccurs in tabular masses of one or two niches thick, in 
veins in slaty clay or shale. Structure ltnrous, the 
fibres parallel, generally waved, and always trans- 
verse to the direction of the vein. Harder than 
calcareous spar. Sji.gr. 2.7. Translucent. Lustre 

• silky. Colour white, sometimes yellowish or gre yish. 

found at Alston Moor in England, in Scotland, and 
in North America. 

Carbonate of Magnesia and Lime . 

1. Crystallized. 

a. The surfaces jlnt. or nearly so. » 

Bittknspar. Miemite. Tharandite , No. 447. 

Hatty, 1.427. Phil. 162. Ilaid. 2.94. Leon. 305. 

Occurs in attached and imbedded crystals, and amor- 
phous musses. 

Primary form a Rhomboid. Cryst. fig. 106* P,P'= 

106° 15'. Cleavage purallel to the primary planes, 
distinct. Fracture conchoidal. Hard. 3 5, 4.0. 

Sp.gr. 2.SS4. Transparent, translucent. Lustre 
vitreous, occasionally pearly. Colour while, gray, 
black, brown, yellow, green, of different shades. 

Streak greyish-while. 

Found in the Tyrol in talc, in Piedmont, at Mierno 
in Tuscany, and in some other {daces. But there 
are few localities in which good crystals are pro- 
duced. 

b. The planes curved. 

Pkarlspar. Brown Spar (in pAt.) 

Hatty, 1.421, Phil. 165. Hunk 2.94. Leon. 305. 

Occurs in attached and generally aggregated crystals 
with curved surfaces. 

Primary form a Rhomboid. Cryst. fig. 106. Probably 
of the same angles as bitterspar, but from the cur- 
vature of the planes they cannot be measured. 

, Translucent. Lustre pearly. Colour white, some-, 
times greyish, brownish, or yellowish. 

Found in many parts of Europe and America. * 

2. Granular. 

a. Dolomite. Magnesian bim&stom. Conite . . 

Leon. 805. * 

Occurs in mountain masses. Structure sometimes 
slaty. Fracture irregular. Sotter than common 
limestone. Translucent, opaque. Colour white, 
sometimes greyish or yellowish. 

The Apennines are partly composed of Dolomite , and 
the magnesian limestone is found in an extensive 
bed lying between Nottingham and Sunderland* 

It also occurs in other parts of the World* Some 
of the varieties are flexible when split or cot into 
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Mintfology thin slabs. Conitc is found only in Iceland. la de- 
— scribed as having a fracture imperfectly conchoidal, 

* and is said to scratch glass, whence it is probable 
f that. it does not belong to this species* Sp.gr. 8.0. 
r Opaque. Dull. Colour flesh-red. 

3. Compact 

a . Gdbhofian. 

Phil. 106. Haid. 2.94. Leon. 308. 

Occurs massive. Amorphous. Structure compact. 

' Fracture flat conchoidal. Opaque. Dull. Co- 

f lour white, sometimes yellowish. Streak white. 
Found near Gurhoff, in Lower Austria. 

' Carbonate of Magnesia, Lime and Iron , No. 449. 

P.M. and An. 2.231. 

a. Occurs crystallized in rhomboids. Sp.gr. 2.927. 

Colour yellowish white. 

Found at Tenzcn in the Orisons. 

E.J.S. 2.179. 

b. Occurs in crystalline masses, cletivahle into rhomboi- 

dal faminre. Spgr. 2.64. Opaque. Colour brown. 

« Found at Montiers in Savoy. 

c. Crystalline masses. Sp.gr. 2.9. Colour violet blue. 
Found at Nutrc-Damc-du-Prt 1 . in Savoy, and is sup- 

* posed to contain free oxide of iron. 9 

No angles given of either of these varieties, the che- 
mical elements of which differ in their proportions. 

Carbonate of Lime and Iron . 

a. Ankehite. Rohwand. IVandslein of Stiriu. No. 444. 

, Haid. 2.100. Leon. 80S. 

Primary form a Rhomboid. Cr\st. fig. 106, 
P,P' = 106° 12'. Cleavage parallel to the primary 
planes. Fracture uneven. Lustre vitreous, in- 
clining to pearly. Liard. 3.5, 4.0. Sp.gr. 3.080. 
Translucent. Colour white, with lints of grey, 
brown, red, yellow. Streak white. 

Found in Salzburg resting on beds oi mica slate, 
and all along the chain of the Alps, resting on 
, carbonate of iron. 

The planes are generally curved, and the measured 
angle is probably not correct. 

b. Mkhitine Spar? No. 448. 

E.J.S. 8.181. 

Analysis not given, hut supposed to contain lime, 
magnesia, oxides of iron and manganese. Primary 
form a Rhomboid. Cryrt. fig. 107. P,P' rr 
107° 14': Hrfit. C leavage parallel to the primary 
planes. Hard. 3.0. Sp.gr. 3.34. 3.37. Transpa- 
rent, translucent!. Lustre vitreous. Colour dark 
greyish and yellowish-white. Streak white. 

Fouud in small crystals in quartz at Traversella in 
Piedmont. 

Carbonate of Lime and Lead, 
a . Plumuocalcite, No. 445. r . 

E.J.S. n.s. 6 79. 

* Occurs in attached crystals and crystalline masses. 
Primary form a Rhomboid. CnvsiCfig. 106. P,P'= 
*105° b f . Cleavage parallel to the primary planes, 
distinct! Hard, under 3.0. Spgr. 2.824. Trans- 
parent, translucent. [.usire vitreous, sometimes 
1 pearly. Colour white. Streak white. 

Found at Waillockhead, Lanarkshire, Scotland, among 
the rubbish of some old workings. ° 

' Fluate of L ime. 

a. Fluor. Fluor Spar, No. 506. 

Hatty, 1.505. Phil, 168. Haid. 2.69. Leon. 576. 
t Occurs in attached pnd imbedded crystals and 

massive. 


Primary form a Cube, Crvst. fig. 56, Cleavage Mittsisleg 
parallel to the planes of the regular octahedron, 
distinet, but seldom with perfect surfaces. Frac- 
ture conchoidal. Hard. 4.0. Sp.gr, 3,14. Trans* 
parent, translucent. Lustre vitreous. Colour 
white, grey, black, brown, red, yellow, green, blue, 
purple. Streak white, or slightly coloured 
Massive varieties , nodular: amorphous. Structure of 
the nodular variety large fibrous, or columnar, the 
fibres divergent. Structure of the amorphous, 
crystalline, granular, earthy, compact, and occa- 
sionally straight or curved laminar. 

Crystallized Fluor is .found abundantly in England, 
and in some other parts of Europe. In America 
it occurs less frequently.* The nodular variety is 
found only in Derbyshire ; the granular and 
earthy in England, Norway, and some parts of 
Germany ; and the con* pact in Cornwall, the Hartz. 
and a few other places. 

b . Fiuo-akseniate of Lime, No. 507. # 

An. 6.151. 


Occii i s as a yellowish crust or coaling on quartz or 
felspar, accompanying the oxide of tin, at Finbo, 
near Fahluu, in Sweden. 

Native Lime. 

«. Native Lime, No. J17. 

Br.M. pi. No. 1. 

Occurs amorphous. Structure earthy. Easily rubbed 
to a powder. Opaque. Dull. Colour white. 
Found near Rath. 

Nitrate of Lime , 

a. Nitrate of Lime, No. 519. 

Phil. 177. Leon. 248. 

Occurs in fibrous efflorescences, or as a fine powder, 
on the surface of old walls, caverns, and some cal- 
careous rocks. The fibres are often aggregated 
into silky-looking tuffs. Very deliquescent.. Taste 
hitter. 

Phosphate of Lime. 

a. Apatite. Asparagus Stone . Moroxite. Phosphorite . 
Terre de Marmarosch , No 485. 

Hutly, 1.487. Phil. 167. « Haid. 2.73. Leon 282. 
Occurs in attached and imbedded crystals and crys- 
talline masses, massive and earthy. 

Primury form a Rhomboid* P,P'=r 88° 41' : Haid. 
Cleavage parallel to the planes of regular hexa- 
gonal prism. Fracture, conchoidal. Hard. 5.0. 
Sp.gr. 3.18, 3.22. Transparent, translucent. Lustre 
vitieous, sometimes inclining to Vesinous. Colour 
white, grey, brown, reddish, jellow, green, blue, 
violet. Streak white. 1 

Found in Cumberland, Cornwall, in Saxony, Bohemia, 

. and many other parts of Europe and America. 
Massive varieties, globular ; nodular*; reniform ; 

amorphous. Structure fibrous, granular, compact* 
Found at Schlackenw&ld in Bohemia, and in Eat re* 
madura in Spain. < 

Earthy variety , greyish or greenish-white. 

Found near Marmarosch in Hungary, 

Schedule of Lime. 

a. Tungsten. « Tungstate of Idme. y No. 418. 

Hatty, 4.372. Phil. 256. Haid, 2.113. Leon. 34^ 
Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Square prism. Cryst. fig. 61. 
Cfeavage parallel io Mod. a and c, fig. 62 and 64. ’ 
Fracture uneven. Hard. 4.0, 4 5. Sp.gr. 5.5, 
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Miner ^gy 6,076. Translucent. Lustre vitreous. Colour 
white, sometimes greyish and yellowish, and grey- 
ish and reddish-brown. Streak white. 

Found in Cornwall and Cumberland in England, in 
Bohemia, Sweden, and other places in Europe, and 
in America. 

Silicate of Lime. 

a . Wollastonite. Tabular Spar, No. 161. 

Hally, 2.438. Phil. 23. Haid. 2.286. Leon. 524. 
P.M. and An. 10.190. 

* Occurs in attached and imbedded crystals, and mas- 

sive. 

Primary fifrm an Oblique rjiornbic prism. Cryst. fig. 
83. P,M=104°4£'. M,M' = 95° 38'. Cleavage 
parallel to the terminal plane and horizontal 
diagonal. Fracture uneven. Hard. 4.0, 5.0. 
Sp.gr. 2.8, 2.86. Transparent, translucent. Lus- 
tre vitreous, in some varieties pearly on the 
cleavage surfaces. Colour white, sometimes grey- 
ish, brownish, reddish, yellowish, greenish. Streak 
white. 

Massive varieties , amorphous, composed of tlmall 
columnar crystals lying in all directions, or fibrous, 
the fibres parallel or divergent. 

Found in very perfect crystals at Vesuvius. Its other 
localities are Capnrii Bove near Home, the Bainmt, 
Lake George in North America, and a few other 
places. 

b . Okenitf, No. 162. 

E.J.S. n.s. 3.27. 

Occurs in fibrous masses, having a radiated struc- 
ture. Hard. 4.0, 5.0. Sp.gr. 2.28. Colour 
white. 

Found in amygdaloid, at Disco Island, Greenland. 
Sulphate oj Lime , No. 532. 

a. Crystallized. 

Selenite. Gypsum. 

b. Massive. 

Alabaster. Gypmm. 

Hafiy, 1.527. Phil. 174. Haid. 2.57. Leon. 122. 
Occurs in attached and imbedded crystals, and mas- 
sive. • 

, Primarv form an Oblique rhombic prism. P.M = 

• UP 34'; M,M'=I8S° 38'; Levy. Cleavage 
parallel to the oblique diagonals, very distinct, and 

* parallel to the primary planes, indistinct. Frac- 
# ture indistihet. Hard. 1.1>, 2.0. Sp.gr. 2.310, 

2.5. Transparent, translucent. Lustre vitreous, 
on cleavage planes pearly. Colour white, occasion- 
ally gre\, reddish, yellow, blue. Streak white. 

* Massive varieties , globular and nodular, structure 

granular. Amorphous, structure granular, earthy, 
compact, r fibrous, scaly, the scales slightly coherent, • 
Found in^rery many parts of Europe and America, 
ancif probably in other parts of the World. It is 
abundant in, imbedded crystals at Shotover in 
Oxfordshire, and has occurred in very perfect 
crystals at Bex in Swisserlaml. 

When calcined and reduced to powder, it is Plaster 
of Puris. It enters into the composition of some 
kinds of porcelain and glass.* Is employed in 
* agriculture as a\ manure, and forms the paste of 

crayons for drawing. The compact varieties are 
employed in sculpture. 

Anhydrous Sulphate of Lime. * 

* a . Anhydrite. Muriacite , Pierre de Trippts. YuG 

piniUi No. 538. * 

VOL, VI. 
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Hufly, 1.562. Phil. 172. Haid. 2.62, Leon, 267, MiamWy 
Occurs in attached crystals, rarely well formed, and 
massive. . 

Primary form a Right rhojigiMc prism. Cryst. fig, 

71. M,M' = 100° 8'. Cleavage parallel to the 
luteral planes, indistinct; to the terminal plafteaand 
their two diagonals very distinct. Fracture un- 
even* Hard. 3,0, 3.5, Sp.gr. 2.5, 3.0. Transpa- 
rent, translucent. Lustre vitreous, pearly on the 
cleavage surfaces. Colour white^ grey, pale red, • 
blue, violet. Streak grejish-white. 

Massive varieties , nodular, contorted, amorphous. 

Structure granular, compact, fibrous. • • 

Found at Halle in theT)rol, at Bex in Swisserland, 
and m several other parts of Europe. 

Titan late of Lime , Sfc. 

Pyrochlori , No. 395. 

E.J.S. 6.358. 


Occurs in imbedded octahedral crystals. 

Primary form a Cube. Cryst. fig. 56 .• Fracture 
uneven. Hard. 5 0. Spgr. 4.2 L Translucent, 
opaque. Colour reddish-brown. Streak pale. 
Found in Norway and Siberia. 

Magnesia. 


Borate of Magnesia, 
a. BoftACiTF, No. 425. 

Hoiiy, 2.56. Phil. 18 1. Haid. 2.347. Leon. 287. 

Occurs in imbedded crystals. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the octahedron, very indis- 
tinct. Fracture uneven, imperfectly conchoidal. 
Hard. 7.0. Sp.gr. 2.97. Transparent, translu- 
cent. Lustre vitreous. Colour greyislj, yellowish, 
and greemsh-white. Streak white. 

Found only at Segeberg in Holstein, and Luneburg 
in Brunswick. 

Carbonate of Magnesia. 

a. Magnesite, No. 466. * 

Phil. 179. Haid. 3.121. Leon. 302. 

Occurs in ncicular crystals, massive, and in powder. 
Colour generally white, occasionally greyish and 
yellowish. 

The massive varieties are found in nodular and sta- 
lactitic forms and amorphous. Fracture, hardness 
and specific gravity variably according as the Mi- 
neral is more or less compact or earthy. 

Found in several parts oflEitrope, in India, and 
abundantly at Hoboken in North America. 

Carbonate of Magnesia and Iron, 
a. Breunnerit, No. 450. 

Phil. 378. Haid. 2.99. Leon. 309. 

Occurs in imbedded crystals. 

Primary form a Rhomboid. Cr\st. fig. 106. P.P'— 

107° 30'. Cleavage parallel to the primaiy planes, 
very distinct. Fracture conchoidal. Hard. 4.0, 

4.5. Sp.gr. 8,0, 3.2. Transparent, translucent. 
Lustre vitreous. Colour yellow, of jUllerent shades, 
and black. Streak white. 

Fouud at Zillerthal and other places in Salzburg, » * 
and in the Tyrol. 

Hydrate of Magnesia, 
a . Shepardite, No. 14L 

Phil. 95*. Haid. 3.112. Leon. 244. 

Occurs rarely in attached or imbedded hexagonal 
prisms, generally in laminar masses and fibrous. 

Primary form a Rhomboid. Cryst. fig, 106, P»P', 

3x 
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Mineralogy unknown. Hard. 1.0, 1.5. Sp.gr. 2.SS, 2.63. 

S| — Tmnspurcnt, translucent. Lustre pearly. Colour 

‘white, greenish-white. Streak white. 

Ttye fibrous variety is the Nemalite of Nuttall. 

Pound at Hoboken in New Jersey, North America, 
und in the Isle of Unst, Shetland. 

Phosphate of Magnesia. 

а . Wagnerit, No. 486. ( 

- Haid. 3.169. Leon. 277. P.M. and AnJ 1.133. 

Occurs in attached or imbedded crystals. 

, Primary form an Oblique rhombic prism. Cryst. fig. 
83. P.M = 109° 20'. M,M' = 95° 2 ft'. Cleav- 
age indistinct, parallel to the horizontal diagonal. 
Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 3.01. 
Transparent, translucent. Lustre vitreous. Colour 
greyish and reddish-yellow. Streak white. 

Found at Hollgraben in Salzburg, and is said to have 
< * occurred in the United States. 

Silicate of Magnesia. 

o, Makmolite, No. 167. 

4 Haid. 3.124. Leon. 762. 

Occurs massive; structure columnar, irregularly in- 
tersecting. The columnar portions are foliated, 

• having a cleavage in two directions intersecting 

each other. Hard. 3.5. Sp.gr. 2.47. Translu- 
cent. Opaque. Lustre pearly. Colour pale yel- 
lowish and greyish-green 

Found at Hoboken in New Jersey, North America. 

, It is probable that the serpentines arc ulso silicates of 
magnesia, and for the present we include them in 
this class 

б. Serpentine, No. 163. 

Phil. 97. Haul. 3.151. Leon. 777 

Occurs in imbedded crystals and massive. Fracture 
conchoidal, uneven, splintery. Hard. 3.0. Sp.gr. 
2.2, 2.6. Nearly opaque. Lustre resinous, dull. 
Colour dull greenish-yellow, and various shades of 
green, sometimes very dark and spotted with red. 
Streak white, shining. 

Found in all purls of the World in beds and mountain 
masses. 

The Steatoid of Muller, E.J.S. n.s. 3.31, iwcurs in 
crystals at Snarum in Norway, and is said to be 
a variety of serpentine. 

c. Steatite, Soap* Slone. Speckstein . Talc Steatite , 
No. 164. 

IIuuy,2.493. Plni.113. IIaid.3.157. Leon. 188,223. 

Occurs in amorphous musses, sometimes containing 
imbedded crystals of the same substance, of the 
forms of quartz and carbonate of lime. Struc- 
ture compact. Fracture uneven, splintery. Soft. 
Sp.gr. 2.6, 2.63. Opaque. Dull. Colour ^yelr 
lowtsh and greyish-white. Streak shining. Feels 

• greasy.' 

Said to be found in many parts of tlic World, but it 
improbable tljat several distinct Minerals, merely 
on account of their soapy or greasy feel, have been 
so named. 

‘ * d. Meerschaum, No. 165 

Phil. 180. Leon. 222. 

Occurs in imbedded masses. Structure Earthy. Frac- 
ture uneven. Opaque. ’ Dull. Colour white, 
sometimes slightly yellowish or greyish. Streak 
white. 

Found in Greece, the Crimea, and some other parts of 
Europe, 


Sulphate of Magnesia, Mineralogy 

a. Epsom rr e. Epsom Salt, No. 535. K J 

Hatty, 2.51. Phil. 180. Haid. 2.48. Leon. 116. 

Occurs botryoidal, reniform, massive, as a crust 
on the surface of other bodies, and in solution 
in Mineral waters. Structure fibrous, sometimes 
earthy. Fracture, when observable, conchoidal. 

Hard, of artificial crystals 2.0, 2.5. 8p.gr. 1.75. 
Transparent, translucent. Lustre vitreous. Co- 
lour white. Streak white. 

Found on the surface of decomposing schist, in coal 
pits, on old walls, and in other situations. 

Sulphate o f Magnesia and Sodu , 
a. Bloedite, No. 537. 

Haid. 3.79. Leon. 125. * 

Occurs in fibrous masses, accompanying the Poly- 
hallite at Ischel in Upper Austria. Fracture un- 
even. Translucent. Lustre nearly vitreous. Co- 
lour red. 


Manganese. 


C 

ArtstKNIlTRET OF MaNGANHSE? No. 39. 

Inst. J. 1829, 2.881. 

Occurs on foliated galena. Structure fine granular. 
Fracture uneven. Brittle. Spgr. 5.55. Opaque. 
Lustre metallic. Colour whitish-grey, but becom- 
ing dull and covered with a fine blackish powder 
after exposure to the air. 

Supposed to have been found in Saxony. 

Carbonate, of Manganese. 

a. Koh le rite, No. 451. 

Phil. 246. Haid. 2.106. Leon. 299. 

Occurs in attached crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 
about 1U7°. Cleavage parallel to the primary 
planes. Fracture uneven Hard. 3,5. Sp.gr. 3.59. 
Translucent. Lustre vitreous, on cleavage surfaces 
rather pearly. Colour ruse-rtd, sometimes brown- 
ish. Streak white. 

Massive, varieties, globular, botryoidal. Structure 
fibrous, compact. Amorphous, structure granular, 
fibrous, compact. 

Found at Kupuic and Nagyak in Transylvania, and 
in Saxony, the Ilartz, ami .other places. 

Oxide of Manganese. * 

a. Manganite, No. I'iH. 

E.J.S. 4.41. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' rr 99° 30'. Cleavage parallel to the la- 
teral planes and both diagonals. ^F.racture uneven. 
Hard. 4.U, 4.25. Sji.gr. 4.32. Opaque. Lustre 
imperfect metallic. Colour dark broSvnisb or grey- 
ish-black. Streak reddisb-Vown. 

Massive varieties, amorphous. Structure crystalline 
granular, large* fibrous. 

Found at llcfeld n the ilartz, und in other places. 

b. Varvjcite, No. 119. 

P.M. and An. ,5.209. , 

Occurs massive, and resemble^. Manganite in colour, 
but is much softer, and soils the fingers more, ’ 
Sp.gr* 4.8 19. ' 

Found in Warwickshire, 

c. PYttonustTE, No. 120. 

E.J.S. 9.804. 


*i 


0 
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Mineralogy Occurs in attached crystals and massive. 

Primary fonn a Right rhombic prism. Cryst. fig. 
71. M,M' about 98° 40'. Levy. Cleavage pa- 
rallel to the lateral planes and short diagonal, indis- 
tinct. Hard. 2.0, 2.5. 8p.gr. 4. 82, 4.94. Opaque, 
Lustre metallic. Colour iron-black. Streak black. 

Massive varieties reniform, botryoidal, amorphous. 
Structure fibrous* granular. 

Found in Thuringia and many other places in Eu- 
rope, and in Brazil, but never at liefeld , with the 
• Manganiie. » 

d. Psiloju ei.ane, No. 121. 

E.J.S. 4.47? 

Occurs in re n i fc» rrn, bqfry o id al, and fruticosc shapes, 
and amorphous. Structure indistinctly fibrous and 
granular, compact. Fracture conchmdul. even. 
Hard. 5.0, 0.0. Spgr. 4.145. Opaque. Lustre im- 
perfect metallic. Coloifr bluish and greyish-black. 
Streak brownish-black. 

Found in most depositories of manganese ores. 

e . Haiismannitb, No, 122. 

EJ.S. 4.40. V 

Occurs in attached octahedral crystals, and massive. 

Primary form a Square prism. Cryst. fig. 61. c,c\ 
fig. 01, rr 105“ 25'. Cleavage parallel to P.C, 
and a, fur. 02. Fracture uneven. Hard. 5.0, 5.5. 
Sp.gr. 4.722. Opaque. Lustre imperfect metal- 
lic. Col oui brow msh-blaek. 

Found at flmenau in Thuringia. 
f \ Braun i it, No. 1:23. 

EJ.S. 4.48. 

Occurs in attached and imbedded crystals and mas- 
sive. Primary form a Square prism. Cryst. fig. 
04. c,c', fig. 07, = 109° 53'. Cleavage parallel to 

r, distinct. Fracture uneven. Hard. 6.0, 0.5. 
Sp.gr. 4. Si 8. Opaque. Lustre imperfect me- 
tallic. Coloitr dark brownish-black. Streak the same. 

Found at Elgersburg and at Wunsiadel, and per- 
haps in Thuringia. 

Oxide of Manganese, Iron , and Copper . 
a . Bn UK Coprkr. Black Oxide of Copper, No. 132. 

Leon. 504. • 

Omii'H m amorphous masses. Structure earthy. 
Soft, triable. Opaque. Dull. Colour black. 

Found in most cojquw mines. 

Oxide of Manganese aryl Copper, 
a. Cupreous Manganese, No. 133, 

Haul. 3.92. # .Leon 755. 

Occurs reniform, botryoidal, and amorphous. Struc- 
ture compact. Fracture imperfect conchoidal. 

* 8p.gr. 8.197, 8.210. Opaque. Lustre resinous. 
Colour bluish-black. Streak the same. 

Found in Bdflutaia and ? in Chili. • 

Wi oqphatc of Manganese and Iron, 

a . UllmaCnjtk, No. 4!M). 

Phil. 248. Hold, 8.130. Leon. 284. 

Occurs massive. Cleavage in three directions per- 
pendicular to each other. Fracture flat con- 
chpidui. Hard. 5.0, 5.5. Sp.gr. 3.44, 3 77. 
Opaquo. Lustre resinous. Colour reddish or 
browniah-hlack. /Streak yellowish-grey. 

Found near Lunug*} in France, *and ?,near Pennsyl- 
vania, North America. 

(*, IIetrpozite, No. 491. 

EJ.S. N.fi 8.359. • 

Occurs in scaly masses. Cleavage in three directions, 
giving an Oblique rhtrmbic prism of about 100°. 


flO? 


Hard, about 5. Sp.gr. 8.524. Lustre resinous. 
Colour greenish or bluish-grey. 

Found near Limoges. 

c. Huraulite, No. 492. « 


EJ.S. n.s. 3,359. 

Bi- silicate of Manganese, % 

a. Stromite, No. 169. 

Occurs id minute crystals. Hard, about 4.0. Sp.gr. 
2.27. * Transparent. Lustre vitreous. Colour 
reddish-yellow. • 

Found near Limoges. % 

Phil. 245. Haid. 3.122. Leon. 520. % 

Occurs massive. Structure crystalline. Cleavage 
parallel to the lateral planes of a prism of about 
92° 30', and to both its diagonals. Fracture un- 
even. Hard. 5 0, 5.5. Sp.gr. 3.54. Slightly 
translucent. Colour red. • 

Found in Sweden, and at Franklin in New Jersey, 
North America. # 

Compounds of silica, oxide of manganese, and car- 
bonate of manganese have been indistinctly de- 
scribed under the names of Allagite, Rhodonite, 
Photizite, and Hornmungan, but whether they are 
distinct species may perhaps be questioned. Spe- 
• cimens have appeared in this Country under these 
names, but little resembling in their characters 
the published descriptions. 

Snip hard of Manganese. 

a . Kodellitu, No. 70. • 


Hafly, 4 268. Phil. 246. llaid. 3 81. Leon, 656. 
Primary firm a Cube. Cryst. fig. 51. Cleavage 
parallel to P, distinct. Fracture uneven. Hard. 
3.5, 4.0. Sp.gr. 4.014. Opaque. Lustre imper- 
fect metallic. Colour, when first fractftred, dark 
steel -grey, but becomes greyish-black by exposure 
to the air. Streak dark green. 

Massive varieties, amorphous, structure granular, com- 
pact. • • 

Found at Nagyug in Transylvania, and ? in Cornwall. 


Mellimte, No. 361. 

Haily, 4.504. Phil. 20W. fluid. 3.125. Leon. 213, 760. 

Occurs m attached crystals. 

Primary forma Square prism. Cryst. fig. 65. Trans- 
lucent, opaque. Colour reddish and greyish-yel- 
low, and brownish-red. 

Found at Tivoli and Capo di Bovc near Rome. 

Mi: n cun y. 

Chloride of Mercury . 

Baumeiute. Horn Mercury . Muriate of Mercury , 
No. 68 

• Ifafiy, 3 331. Phil. 359. Haid. 2. 1 56. Leon. 580. 

Occurs in attached crystals, and in tubercular crusts. 

Primary fu rip a Square prism. Cryst. fig. *65. 
Cleavage parallel to the lateral planes. Fracture 
conchoidal. Hard. 1.1), 2.0, Sp.gr. 6. 482. •Trans- 
lucent. Lustre udamautine. Coloflr yellowish or 
pale grey. Streak white. 

Found with other ores of Mercury in Bohemia, the 
Palatinate* Spain, and principally at Moschel* 
andsberg, in Deuxponts. 

Native Mercury. 

a . Mercury, No.' 12, 

Haiiy, 3/397. Phil. 357. Haid. 2.432. Leo u* 696* 

Fluid. Occurs in small cavities or crevices of the 
rock in which it is found , and is frequently accom* 
3x2 
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Mineralogy panted by red silver. Sp.g*r. 13.6. Opaque. Lus- 
tre bright metallic. Colour tin-white. 

Its principal localities are Idria in Carniola, and 
Almaden in Spain. 

6. Native Amalgam, No. 13. 

Hauy, 3 297. Phil. 357. Haid. 2.431. Leon. 698. 

Occurs in attached and imbedded crystals, and massive. 

Primary form a Cube. Cryst. fig. 56. t; Cleavage 
, flat conchoidal, very indistinct. Hard. 3.0 3.5. 

Sp.gr. 13.755. Opaque. Lustre bright metallic. 
* Colour silver white. Streak (he same. 

, M (waive variety , amorphous. Structure compact. It 
is sometimes rendered semi-fluid by mixture with 
fluid mercury. 

Found in Hungary, the Palatinate, Deuxponts, and 
in France, Spain, and Sweden. 

4 Snip hn ret, of Mercury . 

a. C in nab ati. Hepatic Cinnabar. Livrrore , No. 9:2. 

Hauy, P.313. Phil. 358. Haid. 3.44. Leon. 631. 

Occurs in attached crystals and massive, 

4 Primary form a Rhomboid. Cryst. fig. 106, P,l v 

= 71° 48'. Cleavage distinct, parallel to plane r, 
t fig. 1J1. Fracture conchoidal. Hard. 2.0, 2,5. 

Sp gr. 8.1. Transparent, translucent. Lustre 
adamantine. Colour bright red, and darker shades 
to reddish -grey. Streak scarlet. 

Massive varieties , amorphous. Structure granular to 
compact,, sometimes fibrous and pulverulent. 

€ The Hepatic utid Bituminous Cinnabar appear to he 
mixtures n( this ore with shale and coarse coal. 

Found in Europe, chiefly at Idno in Carniola, at 
Almaden in Spain, and in the Palatinate, and in 

. several parts of Mexico and South America. 

Mf.sole, No. 209. 

Haid. 3 126. Leon. 206. 

Occurs in globular and reniform masses, sometimes 

• imheefiled, but generally covering a thin stratum of 
Mesoline. Structure fibrous, foliated, radiating. 
Hard. 3.5. Sp.gr. 2.37. Translucent Lustre 
pearly. Colour white, sometimes yellowish. 

Found in the Faroe Islands. 

Mgrotypp. Natrolite , No. 207. 

Hatty, 3.179. Phil. 123. Haid. 2.236. Leon. 20 L 

Occurs in attached crystals and massive. 

Primary foim a Right rhombic prism. Cryst. fig. 71. 
M,M' = 91° 19'. ^Cleavage parallel to the lateral 
planes. Fracture conchoidal. Hard. 5.0, 5.5. 
Sp.gr. 2.249. Transparent, translucent. Lustre 
vitreous. Colour white, with shades of grey, red, 
and yellow. Streak white. 

Massive varieties , globular and reniform. Structure 
• fibrous, radiating. Surface drusy. 

Found iu. Iceland, the Faroe Ishmds, Scotland, Ire- 
land, and in many other pjaces, tilling cavities in 
basaltic and porphyrilic rocks and ancient lavas. 
MesolVte. Ifeedth Stone, No. 208. 

Corresponds nearly with the preceding description, 

% i but the angle of the prism is 91° 20'. 

Mica. 

It is certain that several distinct species of Minerals 
are included under th?s name, merely because they 
may be easily split into very thin , shining plates, 
but they cannot at present be distinguished by any 
characters which have been hitherto given. The 
following, description riF crystalline forms applies 
principally to the michs from Vesuvius* 


a. Rhomboidal , No* 258. 

Hatty, 8.111. Phil. 106. Haid. 2.198. Leon. 437. 

Occurs in attached hexagonal prisms, and massive. 

Primary form a Rhomboid. Cryst, fig. 106. Cleav- 
age very distinct, perpendicular to the axis. Frac- 
ture not observable. Hardness of the cleavage 
surfaces 2.0. 2.5, that of the edges being 4.5, 5.5. 
Sp.gr. 2.7, 3.0. Transparent, translucent. Lus- 
tre vitreous, pearly on the cleavage surfaces. Co- 
lour white, grey, black, brown, pale red, dull yel- 
low, green. Streak white, grey. 

Massive varieties , globular, structure fibrous, foliated. 
A morphous, structure foliated, granular, fibrous. 

Found in primitive rocks in all parts of the World, 
and abundantly in the masses ejected from Vesuvius. 

b . Oblique prismatic , No. 259. 

The preceding references and descriptions will pro- 
bably apply to this vafiety, with the exception of 
the crystalline form, which is an Oblique rhombic 
prism. Cryst. fig. 83. P,M = 98°40\ M,M' = 
120°. Phil. 

c. ^epidolitf.. Lilac Mica , No. 260. 

Ill afiy, 3.1 1 (i. Phil 141. Haid. Leon. 451. 

Occurs in amorphous masses, composed generally of 
smail, thin, flexible scales. Fracture uneven. Sp.gr. 
2.S32. The scales or plates are translucent. Co- 
lour pearl-grey, rose and purple-red, and greenish. 

Found at Rozena in Moravia, at Ulo in Sweden, in 
North America, and some few other places. 

d. Margaiute. Pearl Mica , No. 261. 

Phil. 208. Haid. 2.204. Leon. 766. 

Occurs in thin, hexagonal, attached crystals, and in 
masses of small, thin, shining lamina;. 

Primary torn) a Rhomboid. Cryst. fig 56. Cleavage 
distinct, perpendicular to the axis. Fracture not 
observable. Hard. 3.5, 4,5. Sp.gr. 3.032. Trans- 
lucent. Lustre pearly, bright. f Colour greyish, 
reddish, and yellowish-white.^ Streak white. 

Found at Stcizing in the Tyrol. 

e. Rubella n. Red Mica? No. 262. 


Mineralogy 



Leon. 774. 

Occurs in small, imbedded, hexagonal, micaceous 
plates, not elastic. Soft. Sp.gr. 2.5, 2.7. Colour 
reddish- brown. 

f Ode kit. Black Mica ? No. 263. , v 

Occurs in masses Inch may be split into thin leaves 

like mica. It is opaque and black, with very little « 
lustre, and is probably mica, containing some 
foreign matter, which has altered its usual appear- 


ance. 

Found in Sweden. 


Molybdenum. * v 

Sulphuret of Molybdenum. V ^ 
a. Molybdenite, No. 107. 

Ilafiy, 4.326. Phil. 248. Haid. 3.18. Leon. 667. 

Occurs in imbedded hexagonal crystals, and massive. 

Primary form a Rhomboid. Cleavage very distinct 
perpendicular to the axis. Fracture not observable. 
Hard. 1.0, L 5. Sp.gr. 4.5,14.7. Opaque. Lustre 
metallic. Colour lead-gtfiy. Streak the same., 
Thin laminae very flexible. 

Massive variety , amorphous, structure granular, fo- 
liated. 

Found in Saxony and Bohemia* and in other places 1 
in Europe and America. 
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Mineralogy Oxide of Molybdenum, No. 416. 

— v**"' Phil. 249. 

Occurs as a crust on the sulphuret, and in thin layers 
between its laminae. Structure earthy, and very 
thin fibrous. Friable. Dull. Colour pale yellow. 

Found in Norway, Scotland, and North America. 
Has not been analyzed. 

Monticell jte, No. 862. 

P.M. and An. 10.265. 

• A Mineral from Vesuvius, nearly resembling Peridot 
in its form and measurements, but requiring fur- 
ther examination of bettea specimens for the pur- 
pose of a more exact description. 

Murcwsonite, No. 363. 

P.M. and An. 1.448. 

Occurs in imbedded crystals and crystalline masses. 

Primary form airObliquelrhombic prism. Cryst. fig. 
83. P,A, fig. 91 = 106° 50'. Cleavage distinct 
parallel to P and to both its diagonals. Fracture 
uneven. Hard. 5.5, 6 0. Sp.gr. 2.509. Trans- 
lucent, opaque. Lustre vitreous, pearly on f,he 
plane h. Colour white, witl^a slight tinge of red. 

Found imbedded in the new red sandstone at Daw- 
lish, and at Heavitree, near Exeter, Devonshire. 

The inclination of P on h agrees very nearly, if not 
exactly, with the measurement on corresponding 
planes of the moon-stone of Ceylon, the peculiar 
lustre of which is observable, as in Murchisonite, 
only on the plane h. 

Muriatic Acid (ias, Chlorine , No. 58. 

Occurs in the state of gas. Transparent. Sp.gr. 
1.274. Odour pungent. Taste acid. 

Found in the neighbourhood of active volcanoes. 

Ni chonjte, No. 364. 

Appears from its cleavage, hardness, and some other 
characters Id be felspar. 

Nkpii klinf.. Somm\t<\ No. 239. 

Hatty, 3.347, Phil. 125. Ilaid. 2.250. Leon. 468. 

Occurs in attached hexagonal prisms. Primary form 
a Rhomboid. Cryst. fig. 106. P,F =: 88° 55'. 
Haid. Cleavage iitdislinct , parallel to the planes 

• of the hexagonal prism. Fracture cotichoidul. 
Hard. 6.0. Hp.gr. 2.56. Transparent, translucent. 
Lustie vitreous., Colour white. Streak white. 

Found among the matter ejected from Vesuvius. 

. Nickel* 

Arseni ate or Nickel, No. 474. 

•Hatty, 3.421. 1*161. 284. lluid. 2.448. Leon. 164. 

Occurs as a powdery crust on the surface of arseniuret 
of nickel, 7md massive. Opaque. Dull. Colour 
greenly wj, gree n ish- w h ite. 

Found /rccoinpaiiying arseniuret of nickel, and produced 
from the decomposition of that substance. 

Arseniuret of NickeL 

Copper Nickel, No. 2?8. 

Hatty, 8.417. Phil. 283. Haul. 2.446. Leon. 678. 

Occurs in botryoidal and reuitbrm masses, with a 
fibrous struct 1 1 ref, more commbnly amorphous. 

• Structure compact. Fracture* uneven. Splintery. 
Hard. 5.0, 5.5. Sp.gr, 7.65. . Opaque. Lustre 
metallic. Colour yellowish and greyish-red of 
different shades. Streak pale brownish- 1 tfack, 

Found in Cornwall, Scotland, Saxony, BoMmia, and 
other {tarts of Europe; and in South America, 


Oxide of Nickel, No. 130, MmeraJogj 

Phil. 284. ^ . S -*V**< 

Occurs in a green Mineral named Pimeiite* but vfhe 
ther combined with silica, or merely coloiying 
hydrous quartz, appears uncertain 

Found in Serpentine in Silesia, 

Sulphuret of Nickel , 

Native Nickel. Capillary Nickel , No. 76. 

Hatty, 3.412. Phil. 282. Ilaid. 3 129. Leon. 651. 

Occurs in regular hexagonal capillary.crystals. 

Primary form a Rhomboid. Cryst. fig. 106. Opaque** 

Lustre metallic. Colour yellow, sometimes greyish. 

Found in Wales and Cornwall in England, and in 
Saxony, Bohemia, and the Ilartz. 

Sulpho-arseniuret of Nickel . 

Nickelglanz. Grey Nickel % No. 115. 

An. 15.147. Leon. 652 # 

Occurs massive. Structure granular. Fracture of 
the mass uneven, the separate grainy foliated. 

Easily frangible. Sp.gr. 6.129. Opaque. Lustre 
metallic. Colour pale lead-grey, becoming reddish 
by tarnish 

Found in Sweden and in the Hartz. 

Nuttallite, No. 365. 

Haid. 3.133. Leon. 765. 

Occurs in attached and imbedded crystals. 

Primary form a Square prism. Cryst. fig. 65, of the 
same dimensions as Scupolite. Cleavage parallel t 
to the lateral planes. Fracture uneven. Hard. 

4.0, 4,5. Translucent. Lustre vitreous. Colourgrey. 

Found at Bolton in Massachusetts. And probably 
some of the durk grey Scapolites from Finland will 
be found to belong to this species. • 

Obsidian. Marckamle , No. 249. 

Hatty, 3.101. Phil. 112. Haul. 2.337. Leon. 413. 

Occurs massive and in rolled grains. Structure com- 
pact. Fracture conehoidal. Hard. 6.0, 7.0. Sp.gr. 

2.35,2.40. Transparent, opaque. Lustre vitreous. 

Colour greyish -brown, greenish or brownish-black, 
black, dull red, and dull green. 

Found in the neighbourhood of most volcanoes, and 
in beds and veins traversing rocks in many parts 
of Europe, Asia, and America. 

Obsidian, Pitchstone, Pearlstone, and Pumice have 
been considered as belonging to the same Mineral 
species, from the apparent passage of one into the 
other, and the consequent Absence of exact charac- 
ters by which they may be distinguished. There 
appears, however, a chemical difference in their 
composition ; the Pitchstone. and Fearlstone con- 
taining water, which the others do not ; on which 

• • account they have been kept separate in this Trea- 

tise. 

Osmelite, No. £66. * • 

P.M. and An. 3.71/ 

Is said to consist of thin prismatic concretions, either 
scopiformly or stellularly arranged, itnd these again 
collected into masses of coarse, granular concre- 
tions. Cleavage apparent in only one direction. 1 
Hard. 4 ; 0, 5.0, Sp.gr. about 2.8. Translucent 
Colour whitish, yellowish, and brownish-grey. Feels 
greasy. Odour strong clayey. Taste like clay, * 
and seems to dissolve in the mouth, but without * 
producing any apparent change in the substance. 

Found at Niederkirchen, near Wolfstein, on th» Rhine. 

Osmium, a metal found combined with Iridium, in small 


t 
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fttt&mtagv grains among the platfna in South America and 
Russia. See Iridium. 

OstKanite, No. 367. 

E-N-PJ- 4.186. Leon. 765. 

Is h: j i rl to occur crystal listed in the form of a Right 
rhombic prism, of about 96°. Hard.about6.5. Sp.gr. 
4.32. Lustre vitreous. Colour dark brown. 

Found in Norway, and supposed byM. Breithaupt to 
be a new metallic oxide. 

Palladium, No* 14. 

Hatty, 3.230. Phil. 325. Haid. 3.134. Leon. 

Occur# in rolled grains accompanying the native pla- 
tina of Brazil, and in minute particles, imbedded 
in and combined with much of the native gold of 
Brazil. 

Structure of the rolled grains fibrous, divergent. 
Sp.gr. 11,8. Opaque. Lustre metallic. Colour 
whitish steel-grey. 

Pearlsto^.k, No 245. 

Phil. 112. Maid. 2.337. Leon. 182. 

< Occurs massive. Structure granular, the grains va- 

rying in size, and formed of thin concentric la- 
mina?. Fracture uneven. Hard. 4.5, 5.0. Sp.gr. 
2.34. Translucent, opaque. Lustre pearly. Co- 
lour grey, greyish-black, blackish or reddish brown. 

Found principally at Tokay, in Hungary, also at 
CabodaGalo, in Spain, and in a lew other places. 

See Obsidian. 

^EKTOLITE, No. 225. 

E.J.S. 9.364. 

Occurs in spheroidal masses. Structure filmnm, m- 
diating. Hard. 4.5, 5.5. Sp.gr. 2 60. Nearly opaque. 
Lustre pearly. Colour greyish-white. 

Found dn Natrolite at Monte Baldo, South Tyrol. 

Peridot. Chrysolite. Olivine? Jfyalosiderite? No. 2S3. 

Hatty, 2.465. Phil. 9b. 96. Haul. 2.345. Leon. 530. 

Occurs in attached, imbedded, and loose crystals, and 
. massive. 

Primary form a Right rhombic prism. Chyht f» ,». 71. 
M,M' =120°. Levy Fracture couehoidul ll.ird. 
6 5,7.0. Sp.gr. 3.441. Transparent, translucent. 
Lustre vitreous. Colour green of various shades, 
sometimes yellowish or brownish. Streak white. 

Massive varieties, amorphous. Composition granular, 
the grains slightly coherent. 

The locality of the Chrysolite used in jewellery is not 
known, but is t . supposed to be Upper Egypt. 
Olivine occurs in basalt and lava in Bohemia, 
Hungary, on the banks of the Rhine, and in other 
places. 

Pet a lite, No. 229. 

Hatty, 3.187. Phil. 143. Haid. 2.248. Leon. 416. 

. Occurs m masses composed of smaller crystalline 
masses, promiscuously aggregated, sometimes so 
minute as to appear compact. Cleavage parallel 
. to the lateral planes and both diagonals ot a rhombic 

pricun of about 100°. Fracture uneven. Hard. 6 0, 
6.5. Sp.gfr. 2.44. Translucent. LuBtre vitreous. 
Colour white. Streak white. 

* Found at Utfin in Sweden, and in North America. 

PlCROLITE, No. 251. 

Phil. 209. Haid. 3.136. Lepn. 225. 

Occurs massive. Structure thin fibrous, Fracture 
splintery. Hard. 8.0, 6.0. Nearly opaque. Little, 
lustre, inclining to pe&rly. Colour yellowish* 
green. 

Found at Taborg and Nordmarfcen in SvMeii. 


Picrosmine, No. 252. Mtoemlog) 

Haid. 3.137. Leon. 512, 768. v ' 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M' = 117° 49'. Cleavage distinct parallel toP, 
indistinct parallel to the long diagonal and to M. 

Fracture indistinct, uneven. Hard. 2.5, 3.0. Sp.gr. 

2.66. Nearly opaque. Lustre dull vitreous, pearly 
on the surface M. Colour greenish-white, green of 
several shades, sometimes blackish. Streak white. 

Massive varieties: structure thin fibrous, fracture 
splintery; granular to compact, fractyre earthy. 

Found at Engelsburg hi Bohemia. 

Pinitf., No. 266. 

Hatty, 2.353. Phil. 80. Haid. 3 139. Leon. 464. 

Occurs in imbedded crystals, which are generally 
hexagonal prisms. 

Primary form a Rhomboid. Cryst. fig. 106. I\P' 
unknown. Cleavage very indistinct. Fracture 
uneven. Hurd 2.0, 2.5. Sp gr. 2.78, 2.98. Opaque. 

Lustre slightly resinous Colour greenish-grey, 
v blackish-brown, brown, black ish-groen. 

Found in Saxony, Auvergne, England, and some 
other p:irts of Europe, and in North America. 

PiNGUiru, No. 368. 

E.N.P.J. 9.382. Leon. 468. 

Occurs massive at Beschcrt -Gluck, Saxony, and is 
said to resemble Bole and Green iron earth ; two 
names under which several substances differing in 
most of their characters appear to have been 
classed. Hence they afford little indication of the 
characters of Pinguilt. 

Pitch stone. No. 246. 

Phil. 130. Haul. 2.337. Leon. I S 1. 

Occurs massive. Structure compact, sometimes slaty. 

Fractuie imperfect conchonlul, one of the characters 
by which it is distinguished from Obsidian. Hard. 

5.0, 6.0. Sp.gr. 2.3, 2 7. Translucent, opaque. 

Lustre resino-vitreons. Colour grey, black, brown, 
red, yellow, green, blue, dull and sometimes va- 
riously mixed. 

Found at Meissner in Saxonjf, in Ireland, the Western 
islands of Scotland, and in other places. 

See Obsidian. 

P LATIN A, No. J5. 

Hatty, 3.226. Phil 324. Haid. 2.441*. Leon. 705. 

Occurs in grams of various sizes. No cleavage. 

Fracture hackly. Hard. 4.0, 4.5. Sp.gr. 17.332. 

Opaque. Lustre metallic. Colour steel-grey. 

Streak shining. , 

Found in Peru, Brazil, and lately in Russia. 

Pi. uranium, P.M. and An. 2.391, 5.234. 

A metal said to have been discovered in the Russian 
Plutina by Professor Osann of Dorjx t. x 
PoLYH ALIJTE, No. 538. 

Phil. 199. Haid. 3.141. Leon. 769. E.J.S. 7.246. 

Occurs crystallized and nmssivp. 

Primary Ibrm a Right rhombic prism. Cryst. fig. 

71. M,M' = about 115°. Cleavage indistinct, pa- 
rallel to MAI \ Fracture uneven. Hard. 2.5. 

Sp.gr. 2.73,’ 2.77. Opaqtfs. Lustre resinous. 

Colour pa]e flesh-red, sometimes yellowish. 

Found at Ischel in Upper Austria. 

PoONAHLlTE, No, 369. 

P.M. 4<1 An. 10.109. 

Occurs in long slender crystals accompanying Apf- 
phyilite and Stilbite. 
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Mineralogy Primary form a Right rhombic prism. Cry»t. fig. 

71. M,M' == 92° 20'. Fracture uneven. Trans- 
parent, translucent. Lustre vitreous. Colourless, 
white. 

Found at Poonah in the East Indies. 

Potash. 

■ 

Nitrate of Potash . 
a. Nitre. Saltpetre , No. 517. 

. Ha5y, 2.177. Pljil. 189. Huid. 2.34. Leon. 247. 

Occurs in crusts and capillary fibres, on or near the 
surface of the earth, and*in old walls, &c. Hard. 
2.0. Sp.gr. 1.93. Transparent, translucent. Lus- 
tre of the fractured surface vitreous. Colour white, 
sometimes yellowish. Taste saline and cool. 

Found in most parts of the World. 

Sulphate of Potash, 
a. Bernhardite, No. 524. 

Hauy, 2.187. Haid. 3.159. Leon. 271. 

Occurs at Mount Vesuvius in small white tubercplar 
or globular masses oti lava. Hard. 2.5, 3.0. 
Sp.gr. 1.737. Translucent* Lustre of the frac- 
tured surface vitreous. 

Prehmti', No. 222. 

Kof/pholite when in very thin crystals. 

Hniiy, 2.003. Phil. 36. Haid. 2.217. Leon. 470. 

Occurs in attached and * aggregated crystals and 
massive. 

Primary form a Right rhombic prism. Crypt fig. 71. 
M,M / = 99°50'. C leavage distinct, parallel to P, 
less so parallel to the lateral planes. Fracture 
uneven. Hard. 6.0, 7.0. Sp.gr. 2.926. Trans- 
parent, translucent. Lustre vitreous. Colour 
white, grey, yellow, green of various shades. Streak 
white. 

Massive varieties , globular, bntryoidal, nodular, stu- 
lactnic. Structure broad fibrous. Amorphous, 
structure granular, compact. Surfaces rough, 
drus). 

Found originally at the Cape of Good Hope, and 

# since at many places in Europe, America, and 
Asia. 

Pumice, No. 247. # * 

Phil. 133. •Haid. 2.337. Leon. 411. 

Occurs massive. Structure fibrous, and very porous. 
From its pyrous structure it floats on water. Trans- 
lucent, opaque. Lustre of some varieties vitreous, 
but generally pearly- Colour grey, sometimes 

# brownish or yellowish. 

Found principally in the Lipari Islands. 

See Obsidian. * 

PYKALLOLIpE, No. 166. 

Phil. 687 Haid. 3.14L Leon. 512. 

Occurs crystallised and massive. Cleavage parallel to 
the lateral planes pi' a prism of about 94° 36'. 
Fracture earthy. Hard. 3.5, 4.0. Sp,gr. 2.55, 
2.60. Translucent, opaque. Lustre resinous. 
Colour white, occasionally greenisl\ or yellowish. 

Massive variety , structure fibrous^ granular. 

• Found at Pargas in Finland. * * 

' PYRARQILLITE, No. 370. 

Occurs in bluish and brownish-black amorphous 
masses, in a felspar or granitic rock iu Finland. 

1 Pyrophyllite, No. 255. 


Formerly known as RadiatedTalc, but newly named Mtwwrtogy 
on account of its ready exfoliation on exposure to '**»&**' 
heat. • 

Pyrosmalitb, No. 282. 

Phil. 235. Haid. 3.143. I*on. 772. * 

Occurs in attached and imbedded hexagonal prisms. 

Primary form a Rhomboid. Cryot. fig. 106, 

Cleavage distinct perpendicular to the axis, indis- 
tinct parallel to the planes of the prism. Fracture 
uneven. Hard. 4.0, 4.5. Sp.gr, 3.08. Trans- 
parent, opaque. Lustre of the transparent variety* 
vitreous, of the opaque, pearly on the cleavage 
surface. Colour greyish-green. Streak pale. 

Found atNordmark in Sweden. 

Pyroxene. Alalite. BaikaHte. Diopside. Fassaitc . 

Malarolite . Mussite. Pyrgom. Sahlitc . No. 268 
to 272. 

Hauy, 2.407. Phil. 58. Haid. 2.268. Leon. 503. 

Occurs in attached and imbedded crystals and mas- 
sive. * 

Primary form an Oblique rhombic prism. Cryrt. 
fig. 83. P,M = 105° 45'. M,M' = 87° 5'. Cleavage 
parallel to the lateral planes and to both the dia- 

• gonals. Fracture couchoidal, uneven. Hard. 5.0, 

6.0. Sp.gr. 3.23, 3.35. Transparent to opaque. 

Lustre vitreous, vitreo-reainous. Colour white, 
grey, black, brown, yellow, green, of many shades. 

Streak puler colour. 

Massive, vaiielus , amorphous. Structure granular, # 
columnar, parallel, and radiating ; laminar. 

Found in most basaltic rocks, in lava, aud in the 
older rocks in most parts of the World. 

Ha'molite? No. 224. 

E.J.S. 10.370. 

The notice referred to is that of an analysis by ITiine- 
feld of m substance called Radiol ite, unaccompanied 
by any description or indication of locality. A spe- 
cimen in the writer's possession, so named we j>e- 
heve by Esin ark, exactly resembles the fibrous 
Mineral from Norway named Bergmannite, But 
whether this is the Mineral analyzed by flunefeld 
is uncertain. 

RAzorMorFsKiN, No. 371. 

An 4.215, 7.62. 

A white powder discovered .by Lentz in the clefts 
of quartz rocks in Silesia. In vol. iv. of the 
An nuts of Phil, it is said to be composed of silica , 
alumina , potash and water 9 ; atnl in vol. vii. it is 
said to contain silica, magnesia, and carbonic acid . 

Hence two different Minerals have passed under this 
name. 

Rhodium. A brittle metal found by Dr. Wollaston in 

* combination with native platina as an alloy. 

Rhutknium. P.M. and An. 2.391. 5.233. 

A metal said to have been discovered in the Russian 
platiiia by Professor Osanu of Dorpat. 

Su'iiuuNE, No. 3J3. 

Leon. 775. • ■ 

Occurs in thin crystalline plates, separated by plates 
of mica. Fracture uneven. Hard. V.0, 8.0. I 
Sp.gr, 3.42. Translucent Lustre vitreous. Co- j 
lour blue,* sometimes greenish. Streak white. 

Found iu Greenland. * 

SarcolitX, No. 372. 

P.M.and An. 10.189. 

Ofceurs in attached crystals. 

Primary form a Square prism. Cryst. fig, 6L Tram*- 



$18 MINER 

Mineralogy parent, translucent. Lustre vitreous. Colour 
white, and pale flesh -red. 

Found in cavities in the masses ejected from Vesuvius, 
lied Ancdcime and Gmelinite have incorrectly passed 
' under this name merely on account of their colour. 

Scapolite. Paranthine . Werneritc. Chelmsfordile , 
No. 285. 

Hatty, 2.586. Phil. 137. Haid. 2.264., Leon. 474. 
Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Square prism. Cryst. fig. 61. Fre- 
quently decomposed and dull on the surface. 

' Cleavage parallel to the primary planes and both 

the diagonals. Fracture uneven. Hard. 5.0, 5.5. 
Sp.gr. 2.72. Translucent, opaque. Lustre vitreous. 
Colour white, grey, green, red. 

Found in Norway, Sweden, Finland, Greenland, and 
in North America. 

Mcioniie> No. 236. Generally in transparent crystals 
froifi Vesuvius. 

< 

SCHELLIUM. 

, a . Oxide op Scheeljum. Setter lie Acid ? Tunga'Lc 

Acid? No. 412. 

Phil. 254. * 

Occurs massive, with some appearance of crystalline 
form. Fracture conchoidal. Sp.gr. 6.0. Trans- 
lucent. Lustre adamantine. Colour yellow of 
different shades, sometimes greyish. Resembles 
sulphur in appearance. Inodorous. Tasteless. 
Insoluble in acids. 

Found in quartz in a mine near Baltimore? North 
America. 

Schiller Spa it. Diallagc Metalloide. No. 287, 
Hatty. 2.455. Phil. 71. Haiti. 2.206. Leon. 517. 
Occurs in crystalline plates and small aggregated 
* crystals generally in serpentine. , Cleavage parallel 
to the lateral planes and to both the diagonals of a 
rhombic prism of about 93° 30'. The angle of 
135° to 140° quoted by Haidinger is evidently the 
inclination of a primary to a diagonal plane, which 
is 136° 15'. Fracture uneven, scarcely observable. 
Hard. 3.5, 4.0. Sp gr. 2.69. Nearly opaque. 
Lustre pearly metallic. Colour yellowish and black- 
ish green. 

Found at Baste *in /he Hartz, at Zobliz in Saxony, 
and a few other places. 

Schoahite, No. 529. 

Leon. 258. 

This Mineral is said to be fibrous, and composed of 
f 10 parts of silex and 90 of sulphate of barytes, 

and to be soluble in sulphuric acid. 

Jtfc professed locality is Carlisle, in the State of New 
York, North America. 

Selenium, No. 45. 

Occurs a* a retf coaling on sulphur, and sometimes 
in small globular and botryoidal shapes, with a 
smooth and bright surface. Fracture conchoidal. 
Translucent. Lustre vitreous. Colour pale dull 
red. 

Found in the Lipari Islands. 

SiDIROCLEPTE, No. 873. 

Gd. 273. 

Soft. Translucent. Lustre greasy. Colour yellow 
ish-green. 


A L O G Y, 

Found in the lavas of the extinct volcanoes of Bris- 
gau. 

SULPHURETOF SELENIUM, No. 110, 

E.P.J. 13.190. Leon. 599. 

Found in the Lipari Islands, disposed in layers, and 
of a brownish-yellow colour. 

StLiCA. 

Hatty, 2.228. Phil. 1. Haid. 2.321. Leon. 372. 

The differences of structure, hardness, specific gravity* 
mixture with foreign matter^ and other charactets 
belonging to thiR species, are so pumerous a** to 
render any single description inapplicable to ull its 
varieties. And the intimate connection of some of 
these with others, into which they appear to pass 
by iqsensible degrees, as that of brittle opal into 
tough calcedony, renders it equally impracticable 
to define with precision their respective limits. It 
will, however, be convenient to divide the species 
first into anhydrous , which we simply term 
f quartz , and hydrous quartz ; and each of these into 
smaller subdivisions. 

Quartz, No. 154. • 

a, The structure crystalline. 

1. Attached , imbedded, and aggregated crystals . 
Colourless, transparent. Rock crystal. 

Coloured, and of various degrees of transparency 

and translucency. 

White. 

Grey- 

Black. 

Brown. Smoky quartz. 

Red. Compostella quartz. 

Yellow, transparent. 

nearly opaque. Liven Kicsel. 

Green, transparent. 

nearly opaque. Prase . 

Blue, translucent. Side.rUe, 

Purple. Amethyst. 

Primary form a Rhomboid. P, P'~94° 15'. Cleavage 
parallel to the planes of the hexagonal prism and 
pyramids of the ordinary crystals. Fracture con- 
choidal. Hard. 7.0. Sp.gr. 2 69. Transparent to 
opaque. Lustre vitreous, in some varieties rcsi* 
c nous. Colour of almost eve:y variety. 

2. Amorphous. - 

Colourless, transparent. Rock crystal . 

Slightly hkiish pale grey. Milky quartz. 

Slightly greyish with little lustre. Fat qudtrtz. 

Pale red. Rose quartz. 

Pale green, a variety of Amethyst. 

Pale brownish-red, and greerd»h-grey, slightly 
1 coloured, penetrated by Amianthus. Catscye. 

Blue. Siderite. * ^ 

Containing minute fissures or scales of mica 
which reflect many briHiant Doints of light. 
Avanturine . 

3. Massive aggregations of particles in which the 

crystalline structure is apparent. 

Fibrous, the fibres parallel or divergent. 

Granular, the grains varying in size, and co- « 
hering with different degrees of force, or being % 
loose in the form of sand. 

b. Tfye crystalline structure of the particles not appa- 

rent. 

Chalcedony. Botryoidal, stalacfitic, reniforra,nodu- 
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iHiBTalcijy amorphous, and sometimes in pseudomor- 

phous crystals of the forms of carbonate of lime, 
(Hornstone,) and of Datholite. (Huytorite.) The 
nodular varieties are 

Onyx , when composed of flat layers or bands 
of different colours. 

Agate, when the bands are concentrically 
curved. <• 

Other varieties are 

Sard , brownish-yellow. 

, Plasma, dark green, translucent. 

ewe, \ he u pale green. 

Cornelian, when white* or brownish or yellow- 
ish-red. 

Heliotrope , dark green spotted with red, opaque. 
Flint, in nodular ami tabular masses of various 
shades of black and grey, and of other colours. 
Mired with variously coloured clays and other 
extraneous matter, and generally opaque. 
Jasper, principally red, yellow, brown, and green 
of many shades. 

Flinty slate . Hasanitc Touchstone Colour 
dark gteyish-black. 

II Yimous Quartz, No. 155. 

Occurs nodular and amorphous 
Opal distinguished as 

Precious , when it presents ir 
Fire opal, when the interna] 

Hydrophone, when Iran! 
the precious opal may 
in water. Appendix. 

Common opal, when the colours, which are very 
various, are simple. ' 

Semi-opal, when it is dull and opaque. 

Wood opal, showing the woody structure. 
Cacholo/tg, white opaque opal. 

Opal jasper ,* if mixed with much foreign matter. 
Menibte , opaifue and brown. 

Hyalite, Fiori/e , m in small gl 
forms. 

* Geyserifa. Silicons sinter. No. 159. Silo- tons De- 
posits from the hats firings in let land and elsi where. 
Structure compact, resembling opal, to line granular 

• and earthy. 

Hydrosilicite, No. 15(v 

Appendix to Quartz . 

» r.M. n.h. 3.71. * 

Occurs in amorphous masses in serpentine. Frac- 

* Jure even. Soft, Translucent. Dud. Colour white. 

r eels greasy. 

Found at Fraukenbcrg in Silesia, accompanying 
chrysnprnse, opal, and pnneliu*. 

Konimtk, No, RTk * 

Phil SO fp Von. 753. 

Occurs iffthe form of a loose white powder in some of 
the amygduluids in the Highlands of Scotland ami 
some of the Western Islands. It appears from 
analysis to be nearlj pure silex, but its ready fusi- 
bility into a transparent colourless bead induced 
Dr. Macculloch to suppose that it contained some 
other matter besidA a small portidh of lime which 
# # m easily separated fro;Yi it. 

Tripoli, and Polishing Slate, No. 158. 

Leon. 785. 

These appear to be nearly similar compounds of 
• f silica in a finely divided state, with small *propor- 
w Rons of alumina and oxide of iron, 

¥L 


They are massive, earthy, friable, and of a greyish, fltffcwilogy 
brownish, or yellowish colour. 

Found in France, Italy, and some parts of Ger- 
many. | 

Sitrkii. * 

Skibiuret of Silver, 
a. Antimonial Silver, No. 26’. 

Hatty, 3.25K. Phil. 236. Haul. 2.427. Leon. 685. 

Occurs crystallized, granular, and massive. ,% 

Primary form a Right rhombic prism. Cftvs^.fig, 71. 

M,M' about 120°. Cleavage parallel to the tor- 
short diagonal of the prism. 

Hard. 3 5. Sp gr. 9.44, 9.82. 
metallic. Colour silver-white. 


and 


globular and botryoidal 


minal ]>lai»c 
Fracture uneven. 

Opaque. Lustre 
Streak the same. 

Massive varieties, amorphous, structure grahular. 

foliated. % 

Found in the Ilartz, in Salzburg, and at fluadal- 
canal in Spain. 

Arsenical Shbinrct of Siler frequently accompanies 
e preceding, of which it is considered a variety 
utaining a mixture of arsenic. 

Carbonate of Silver . 

S ELIOTE, No. 459. 

Hatty, 3 290. Phil. 295. Leon. 702. 

Occurs massive and disseminated in veins traversing 
granite. Structure fine gianular. Fracture un-» 
even. Soft. Heavy. Opaque. Lustre metallic. 
Colour git 1 } ish-hlack. 

Found at AUwoH’utch in the Rlnck Forest. 

Chloride of Silver. 

a . Laxmannite. Horn Silver. Muriate, of Silver, No. 
67. 

Hatty, 3.292. Phil. 295. Haul. 2.154. Leon. 581. 
Occurs crystallized and massive. 

Primary form a Cube. Crysi. fig. 56. NO clcavugc. 
Fracture uneven. Hard 1.0, 1.5. Sp.gr. 5.55. 
Translucent. Lustre resinous, bright. Colour grey, 
yellow, green, blue of different shades, mostly dull* 
Streak shmiug. Sectile. 

Found with other ores of silver in several pints of 
Europe and America. 

Iodide of Silver. 

а. lira weramtf., No. 57. 

Nuevo Systema Mineral, por Del, Rio, p. 8. 

Structuie lamellar. Soil, hfxtenially white, intei- 
nally yellowish. 

Found in serpentine at Albarradon in the State of 
Zacatecas, Mexico. 

Notice Silver . 
a * Si f. vf,r, No. 11. 

Hatty, 3.249. Phil. 2S5. Haid. 2.433. % Leo;i*6Sf9. 
Occurs crystallized, dendritic, capillary, and massive. 
Primary form a Cube! Cuyst. fig. 56. No cleavag. . 
Fracture hackly. Held. 2.5. 3.8* Spgr. JU.473. 
Opaque. Lustre metallic. Colour white. Stieak 
shining. 

Massive varieties, amorphous, laminar. 

Found in many different places in Europe and Ame- 
rica. 

б. Auriferous, Native Silver does not appear to form a 

distinct chemical species, but differs in the propor- 
tions of gold and silver in different specimen?, 
Sclmiuret of Silver and Copp r. 
a . E uc ai rite, "" N o* 54, 

3y 
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Miitomtogy Matty, 3.470. Phil. 294. Maid. 3.94. Leon. 593. 

Occurs in small granular masses in a serpentine rock. 

* Soft. Opaque. Lustre metallic. Colour greyish - 
t white. 

Found in Sweden. 

Sulphvret of Silver, 

i. IIjf.nkelttf, Silver Glance , No. 88. 

Hatty, 3.265. Phil. 288. Haid. 3.11. -Leon. C35. 

Occurs in attached and aggregated crystals and 
massive. • 

Primary form a Cube. Cryst. fig. 65. Fracture 
myeven. Hard. 2.0, 2.5. Sp.gr. 7 196. Opaque. 
Lustre metallic Colour lead grey, sometimes 
blackish from tarnish. 

Massive. varieties , amorphous, laminar. 

.Found in most silver mines. 

« Svlphurct of Silver and Iron? 

a . S/KitNBF.noiTE, No. 91. Flexible Sulphvret of Silver 
of Hmtrnon. (’at 209. 

E.J S. 7.242. Leon. 779. 

Occurs in attached crystals. 

Primary form a Right rhombic pristn. Cryst fig. 71. 
M.M'= 119° 30'. Cleavage distinct parallel to 
the terminal plane. The lamina* very flexibif. 
Hard. 1.0, 1.5. Sp.gr. 4.215. Opaque. Lustre me- 
tallic. Colour dark brown, often with a blue tar- 
nish. Streak black 

Found at Joachimslhal m Bohemia. 

Sulphuret of Stiver and Antimony. 

RliD S1LTF.K. 

Rhomhnidat. 

a. Bra audits. No lo4 

Hatty, 3.269 Phil. 291. Maid. 3 3S Leon. 610. 

Occurs in attached crystal* and massive. 

Primary form a Rhomboid. Cryst fig. 106. P.P' 
= 108° 30'. Cleavage parallel to the primary 
planes, generally indistinct. Fracture cotichoidal. 

♦ Hard. 2.9, 2.5. Spgr. 5.846. Translucent. 
Opacpie. Lustre adamantine. Colour red, of dif- 
ferent shades, frequently dark and blackish. 
Streak red. 

Massive varieties , amorphous, structure granular, 
com}), act. 

Found in many parts of Europe and America. 

Oblique Prismatic. 

Ik Miargyrite, No, 105. 

Haul. 3.42. 

Occurs in attached Crystals, 

Primary form ail Oblique rhombic prism Cryst. 
fig S3. M,M' = S6°4'. PA fig 91, 101° 6. 
Cleavage imperfect. Fracture uneven. Hard. 2.0, 
2.5. Sp.gr. 5.234. Nearly opaque. Lustre 
bright metallic. Colour iron-black. Streak da r k 
red. * 

‘‘Found near Freiberg in Saxony. 

Right Prismatic . 

c. Pqlybasitk. Brittle Silver , No. 106. 

Hatty, 3.2*30. Phil 390. Haid. 3.27. Leon. 638. 

Occurs in attached and aggregated crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M' — 111 0 8'. Haid. Cleavage imperfect. 
Fracture uneven. Hard. 2.0, 2.5/ Sp.gr. 6.269. 
Translucent. Opaque. Lustre metallic. Colour 
iron-black. 

Found in Saxony* Bohemia, and other parts o/ 
Europe, and in Mexico and Peru. 

Among the numerous specimens named Brittle Silver 


in the Mineral collections in this Country, we have MUamlogy 
not observed one agreeing in crystalline form with '****/**+' 
the above .description. 

Sulphvret of Silver and Antimony . 
a. Rom elite. Mine d f Argent grise A ntimoniak, No. 

103 

Dc I’lsle, 3.54. Phil, 290. Haid. 3.30. Leon. 

685. « 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 100°. Phil. Cleavage parallel to the 
lateral planes. Sp.gr. 5.5. (Opaque. Lustre me- 
tallic. Colour uearjy silver-white, c 
Found near Freiberg. 

Sulphvret of Stiver and Copper . 
a. SlLVERRUPFERGLAN K, No. 89. 

Phil. 293. Haul. 3.73. Kirwan, 2.121. 

Occurs massive. Compact. Fracture flat eonchoidal. 

Soft. Sp.gr. 6.255. Opaque. Lustre metallic. 

Colour dark lead-grey. Streak shining. 

Found in Siberia. 

1 Sulphur el of Silver , Lead , and Bismuth. 
fllBlSMUTHlC Stlver, No. 90. 

I Phil. 294. Haid. 3.7s. Leon. 618. 

Occurs in acicqlnr crystals and massive. 

Fracture uneven. Opaque. Colour when first 
broken light lead-grev, but liable to tarnish. 

Massive varieties , amorphous, structure compact. 

Found at Shapbach in Baden, in a bed of gneiss. 

Sulpho-telluret of Silver and Bismuth, 
a. Molyhdic Silver. Mofybdan Silver , No. 21. 

Phil. 287. Haid. 3.127. Leon. 589. 

Occurs in small laminated masses at Oeutsch Pilsen 
near Grard, and resembles the Stilphn telluret of 
Bismuth, but is said to ho composed of sulphur, 
bismuth, tellurium, and silver. It appears, how- 
ever, to he an uncertain species. . 

S()lh4. 

Bo rale of Soda, 
a. Borax. Tinea f No. 424, 

Hatty, 2.209. Phil 192. Maid. 2 52. Leon. 148. 

Occurs in single crystals and massive. 1 , 

Primary form an Oblique rhombic prism. Ciiyst. fig. 

83. 1\M - 101° 30'. 86° 49'. Cleavage 

parallel to the lateral planes and both diagonals. 

Fracture eonchoidal. Hard. 2.9, 2.5. Sp.gr. 

1716. Transparent, translucent. Lustre resi- 
nous. Colour slightly greyish, greenish, or hlHish- 
white. Streak white. • ( 

Found chiefly in a lake in Thibet, and also in Persia 
and in South America. t c 

Carbon ah' of Soda. « 

a . Oblique. Rhombic , No 432. % \ 

Hatty, 2.297. Phil. 199. ‘Haid. 2.27. Leon. 149. 

Occurs crystallized, massive, and in pqwder. 

Primary form un Oblique 'rhombic prism. Cryst. 
fig. 83, P.M 108° 45'. M,M' = 76° 12'. 

Levy. Cleavage parallel to the primary planes and 
oblique diagonal. Fructui^ eonchoidal. Hard. 1.0, 

1.5. Sp.gr. 1.423. Trurisjyirent, tranlucent. Lustre 
vitreous 1 : Colour while, sometimes yellowish or* * •> 
greyish. Streak white. Very efflorescent. 

Massive varieties, structure fibrous, granular. 

Foumi abundantly in Hungary aud the natron ,, 
lakes of Egypt, and in sqme other places* 
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Mineralogy b. Right Rhombic , No. 483. 

Haiti. 2.29. 

Occurs iu crystals lining cavities of the massive va- 
rieties of the preceding species. * 

Primary form a Right rhombic prism. Cryst. fig. 7L 
M,M' =: 107° 50'. Cleavage indistinct. Fracture 
conchoidal. Hard. 1.5. Sp.gr. 1.562. Transpa- 
rent, translucent.. Lustre vitreous. Colour white, 
sometimes yellowish. Streak white. Less efflo- 
. rescent. than the preceding species. 

c. Trona, No. 434. 

* Phil. 190. Haid *3.164. Leon. 149. 

Occurs in cftystullinc coats, yith a fibrous structure. 
Primary form an Oblique rhombic prism. Cryst. 
fig. 83. Measurements uncertain. Cleavage pa- 
rallel to P, distinct. Fracture uneven. Hard. 2.5, 
, 3.U. Sp.gr. 2.112. Transparent, translucent. Lus- 

tre vitreous. Colour jvhite, sometimes yellowish. 
Streak white. Does not effloresce. 

Found on the banks of lakes in the Kingdom of 
Fezzan in Africa. 

d. ft i carbonate of Soda? No. 435. 1 

N J. 35. 48. ‘ . 

Occurs in strata of two to six inches thick on a bedyd 

clay containing muriate of soda. Structure gra- 
nular. Colour yellowish-grey, does not effloresce. 
Found near Buenos Ayres. 

Carbonate of Soda and Lime. 

a. Gay Lusmtu, No. 436. 

K..1.S, 5.372. I* M and An. 1.263. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Ckyrt. fig. 
71. M,M' =. Gs 0 50'. Cleavage parallel to the 
lateral planes distinct : less so parallel to the ter- 
minal plane. Fracture conchoidal. Hard. 2.5. 
Sp.gr. 1.93, 1.99 Transparent. Lustre vitreous. 
Colourless. # 

Found in a thut stratum of soft clay covering a bed 
of carbonate <d *oda, called Unto , at the bottom of 
a lake neat Lagmulla. a day's journey South-West 
of Merida in ( olumbift. 

b . Barrcelite, No. t37, 

P.M.andAu 7. 380. 

• Occurs iu crystalline masses. Cleavage distinct, pa- 

rallel to the planes of » rhomboid, supposed to be 
similar to that t>f carbonate of lime Hard. 3.5, 
Sp.gr. £ 92 b Transparent. Lustre vitreous. 
Colour not described. 

Locality unkixivvu. 

Differs from Gay Lussite in the proportions of its 
, constituent efcinonts. But the accuracy of the 
analysis appears to be questioned by Berzelius. 

Chlorjtfcjf Sodium. 

Rock Salt* No. 59. 

Huiiy, %jiftl.** Phil. 193. H aid. 2.36. Leon. 584. 
Occurs in solution in water, and massive. Structure 
crystalling, fibrous. 

Primary form a Cuhp. Cryst. fig. 56. Cleavage 
parallel to the primary planes. Fracture con- 
choidal. Hard. 2.0. Sp.gr. 2.257. Transparent, 
translucent. Lustjfc vitreous, rather dull. Colour 
white, grey, red, ^yellow, blue. Streak white. 

* Taste saline. 

Found abundantly in. Europe, Asia, Africa, and Ame- 
rica. The great salt deposits in this Country are 
Nofthwieh in Cheshire* and Droitwicb in Wor* 
cebtershire. 


Nitrate of Soda . 

a. Riveroute, No. 518. 

Hatty, 2.214. Phil. 19 1. Haiti. 3.132. Leon, 246. 

Occurs with clay in beds of different thickness. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' = 
106° 33\ Haid Cleavage parallel to the primary 
planes. Fracture conchoidal. Hard. 1,5* 2.0. 
Sp.gr.*2.096. Transparent. Lustre vitreous. Co* 
lour white. Streak white. 'Paste cool. 

Found crystallized in the district pf Atacama in 
Peru. % 

Sulphate of Soda . 

a. Glauber Salt, No. 525. * 

Haiiy, 2.189. Phil. 191. Haul. 2.31. Leon. 125, 

Occurs in solution in water, and as an efflorescence 
oil soil and other surfaces. 

Primary form an Oblique rhombic prism. C\yht. 
fig. 83. P,M = 101° 29'. M,M' = 80* 24'. 
Cleavage parallel to the terminal planes. Fracture 
conchoidal. Hard. 1.5, 2.0. Sp gr. 1.4ft. Trans- 
parent, translucent Lustre vitreous. Colour while. 
Streak white. Taste cool, bitter. 

Found in seveml places iu and out of Europe. 

* Anhydrous Sulpha ft of Soda. 

a . Then ARD iTE, No. 526. 

E J.S. 6.182. An. n.s, 12.313. 

Occurs crystallized. 

Primary form a Right rhombic prism. Cryst. fig. 71 . 
M,M' about 125 J . Cleavage parallel to the pri- m 
mary planes. Sp.gr. about 2 73. Translucent, 
opaque. Soluble in water. 

Found at F.spertiucs near Madrid. 

Sulpha U of Soda and Lime. 

a, Glaureuitk. lirongntartin, No. 534. . 

Hatty, 2.215. Phil. 198. Haid. 2.54. Leon. 270. 

Occurs in imbedded crystals in rock salt. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. PM = 10 P 15'. M,M' = 83° 20'.. Cleavage 
parallel to Paud M. Fracure conchoidal. Hard. 
2.5, 3.0. Sp.gr. 2.807. Transparent, translu- 
cent, but becomes opaque after immersion m water. 
Lustre vitreous. C olour yellowish mid greyish- 
white. Streak white. Taste slightly saline. 

Found at Ocaiia in New Castile, and at Aussec iu 
Upper Austria. , 

Sulphate of Soda and Magnesia. 

a. Reuhsite, No. 536. 

A salt said to consist of about* twA-thirds sulphate of 
soda, and one-third sulphate of magnesia, but of 
which we do not find any published description. 

Sodalite, No 240. 

# ll:ttty, 3.59. Phil. 127. Haid. 2.226. Leon. 461. 

Occurs in attached and aggregated crystals nud 
massive. * • 

Primary form* a Cube. Cryst. fig. 56, Clem.igc 
parallel to the planes of the l^lmmbic dodecahe- 
dron. Fracture uneven. Hurd. 5.5* 6 0. Sp gr. 
2.3. Translucent. Lustre vitreous. Colour green- 
ish-grey and greenish and greyish-white. Streak 
while. 

Massive vaHHics, amorphous. Structure granular, 
compact. Minerals* from Greenland, Siberia, and 
Vesuvius have passed under this name, but it is 
doubtful whether they all belong to the same spe- 
cies. 

SoMeuvillite. Hxmboldlilite of MantkdU, No* 474; 

3 v 2 
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Minmlogy QJ. 16.274. H.-iid. 3.154. Leon. 484. 

Occurs in attached crystals. 

Primary form a Square prism. Cuyst. fig. 65. P// 
147° 5'. Cleavage perpendicular to the axis, 
rery distinct. Fracture uneven. Transparent., 
translucent. Lustre vitreous. Colour dull pare 
browiush-vellow. 

Found in the cavities of matter from Ve- 
suvius. - 

' SmuiAWAurE, No. 309. * M 

Phil. 210. Haul. 3 155. Leon. 799. 

Occurs massive. Structure compact. Fracture con- 
choidal. Hard. 5.0. Sp.gr. 2.53. Opaque. Lus- 
tre vitreo-mctallic. Colour greenish or greyish* 
black 

Found neur Sordawula in Finland. 

Simhshulite, No. 24S. 

Phil. 209. I] aid. 3 155. Leon. 7S0. 

Occurs in small spheroidal and hotryoidal masses 
imbedded in pearlsonc and pitchstone. Structure 
fibrous, compact, llaid. 7.0, 7.5. Sp.gr. 2.4, 
2.52. Opaque. Dull. Colour grey, brown, red, 
yellow of various shades. 

Found hi Hungary. Saxony, Iceland, and Scotland/ 

Sim m ell \n e, No. 566. 

flaily. 4.507. Phil. 127. Raid. 3.156. Leon. 459. 

Occurs in imbedded dodecahedral crystal? in a rock of 
glassy felspar. 

Primary form a Cube. Cuyst. fig 56. Cleavage 
distinct, parallel to the planes of the Khomhic 
dodecahedron. Fracture uneven. Hard. 5.5, 6,0. 
Sp.gr 2.28. Translucent, opaque. Lustre vitreo- 
resmous. C’olotir grey, greyish -black, brown. 

Found at the Lake of Loach. This might have been 
called Socialite with as much propriety as the 
variety from Vesuvius. 

Sim NF.L i.Ei. Pleonaste. Cnvdric. Rafas Ruby , No. 147. 

, Haiiy, £ 160 Phil. 90. llaid. 2 295. Leon. 544. 

Occurs in loose and imbedded octahedral crystals. 

Primary form a Cube. Cryst. fiir. 56. Cleavage 
indistinct. Fracture conohoidal. Hard. 8.0. Sp.gr. 
3.5, 3.7. Transparent, translucent. Lustre vi- 
treous. Colour black, brown, red, yellow, green, 
blue, violet. Streak white. 

Found in loose crystals in Ceylon, and imbedded in 
carbonate oflime in Sweden and North America. 

Spodumem:. Tnnhane , No. 230 

llaiiy, 3.134 PhiP 142. Haid. 2.216. Leon. 433. 

Occurs m imbedded crystalline masses of various 
sizes. 

Cleavage parallel to the lateral planes and great dia- 
gonal of a Rhombic prism of about 93k Fracture 
. uneven. Hard. 6 5, 7.0. Sp.gr. 3.17, 3.1 9. Trans- 
lucent. Lustre pearly on the cleavage phtnes. 

* Colour white, sometimes greyish and greenish, and 
greyish-green. Streak white. 

Found in Sweden, the Tyrol, Ireland, and in North 
America. 

. Soda Spodumenr , No. 231. 

I Lustre more vitreous than the preceding. 

' Staufolite. Grenatite. Staurotide , No. 821. 

/ Haiiy, 2.336. Phil. 82. Haid. 2.366. Leon. 409. 

Occurs in imbedded crystals. 

Primary form a Right rhombic priimi. CkYsr. fig. 7 1. 
MJVf'— 129° 20'. Phil. Cleavage parallel to the la- 
teral planes and both diagonals. Fracture uneven. 

' «ard. 7.0, 7.5. Sp.gr. 3,3, 3.72; Transparent, 


translucent. Lustre vitreo-resinous. Colour dark Minerolog; 
brownish-red. Streak white. s **-v-*** 

Found in France, Spain, Portugal, and some other 
* parts of Europe, and in North America. 

Stilbitk, No, 213. 

Haiiy, 3. 1 55. Phil. 37. Haid. 2.239. Leou. 193. 

Occurs in attached and variously aggregated crystals. 

Primary form a Right rhombic prism. M,M' = 

94° 11'. Levy. Cleavage parallel to both the dia- 
gonals. Fracture uneven. Hard. 3,5, 4.0. Sp.gr. 

2.16, 2.5. Transparent, translucent. Lustre vi- 
treous. Colour white, brown; red, yellow. Streak 
white. 

The aggregated crystals are sometimes fasciculated. 

Found abundantly in Iceland and the Faroe Islands, 
and generally in trap rock 1 *. 

Si tiffs TI A. 

Carbonate of Slroitti t.. 

Strontianite, No. 439. 

flauy, 2.43. Phil. 186. Haid. 2.1 16. Leon. 328. 

•Occurs in acicular, rarely in tabular crystals, and 
/ massive. 

* Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 117° 30'. Cleavage distinct parallel 
to M,M'. Fracture uneven Hard. 3.5. Sp.gr. 

3.6, 3.G7. Transparent, translucent. Lustre vi- 
treous. Colour white, grey, pale, brown, and 
green. Streak white. 

Manner varieties , globtihir, amorphous. Structure 
fibrous, with a pearly lustre, rarely granular. 

Found at Strontiun in Scotland, Hraunsdorf in 
Saxony, Leogang in Salzburg, and in Peru. 

Rarytiferous Carbonate of StmnUa. 

Stiiomnitk, No. 440. 
llaid. 3.159. 

Occurs massive, in \eins in clay slate. 

Structure fibrous with traces of crystallization. Hard. 

3.5. Sp.gr. 3.7. Translucent. Lustre inclining 
to pearly. Colour yellowish and greyish-white. 

Found at Strom ne^s in Orkney. 

Sulphate of Strontia* 

Cf.lf. stink, No. 530. * 

Haiiy, 2.80. Hub 187. llaid. 2.126. Leon. 262. 

Occurs crystallized and massive'. 

Primary form a Light rhombic jirisin. Cryst. fig. 

71 M,M' = 104°. Cleavage parallel to the pfi- * 
mary planes. Fracture uneven. Hard. 3.0, 8.5. « 

Sp.gr. 3.6, 3.86. Transparent., translucent. Lus- 
tre vitreous, pearly on the cleavage surfaces. Co- 
lour ulnte, pale blue, and red of different shades. 

Massive varieties nodular, tabidar, amorphous. 

Structure columnar, fibrous, granular. 

Found in Sicily, at Bex in Swisserland, a Lake Erie, 

North America, in the Tyrol, and some other places, 
and massive near Bristol. 

Sulphate of Strontw and Barytes. 

Gimwrrite. Radiated Cdestme , No. 531. 

E.P.J. 11.329. Leon. 266. 

Occurs in beds in a coarse frmestone. Structure ra- 
diated. Hard. 3.0, 3.5. / Sp.gr. 3.7619. Trans- 
lucent, 1 Lustre vitreous. Colour white, occa-' 
sionally with a shade of blue. 

Fern ad at Norten near Hanover. 
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а , Native Sulphur, No. 69, 

H auy, 4.407. Phil. 360. Haid. 3.52. Leon. 595. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. tig. 71. 
M,M' = 101° 59'. Haid. Cleavage indistinct. 
Fracture conchojdal, Hard. 1.5, 2.5. Sp.gr. 2.072. 
Transparent, translucent. Lustre resinous. Co- 
lour yellow, greenish-grey. Streak paler. 

Massive varieties, stalaetitic, of various shapes. Struc- 
ture compact. % Amorphous, structure crystalline, 
granula^ compact. 

Found in beds in primitive and secondary rocks in 
several parts of Europe, and generally in volcanic 
Countries. Most of the sulphur of commerce comes 
, from Sollatara near Naples. 

б. Sulphuric Acid, No ^il. 

Phil. 144. II aid. 2.23. 

Occurs as a gas issuing from active volcanoes, also in 
a fluid state in their neighbomhood, and in a con- 
crete form in grottos and eaves in the mountain 
Raccolino, near Sienna, and in some other vol- 
canic distucts. • 1 

Odour of the gas pungent*; taste of the fluid and 
solid strongly acid and burning. 


Taciulith, No. 311. 

E.N.IM. 1.364. Leon. 781. 

Occurs massive and in plates. 

No cleavage. Fracture small, couchoidal. Hard. 6.5. 
Sp.gr. 2. 50, 2 51. Translucent, opuqiu . Lustre 
\itreons, viireo-resitious. Colour brownish and 
greenish-black. Streak dark grey.* Resembles Ob 
sidmn. 

Found at SUsabuhl, near Gottingen. 

Talc. Potato n <% No. 254. 

II auy , 2.489? , Phil. 116, 117, 120. Haid. 2.193 
Leon. 444. • 

Occurs in attached and aggiegated hexagonal crys- 
tals and massive. 

Primary form aHhomJ>oid. Ckvst. fig. 106. Cleav- 
age distinct, perpendicular to the axis. Hard. 1.0, 

• * 1.5. Sp gr. 2.713 Translucent Lustre pcnrlv. 

Colour white, greyish, ami green of many shade-. 
Streak the sau*\ * 

Massif v varu(ij"t, granular, earthy. 

* Found in all parts of the World. 

» It is probable that, several distinct species of MiikmrU 

have passed under this name. 

TJantamte. ColumbUe, No. 402 to 408. 

Hatty, 4.387, Phil. 269. Haid. 2.390. Leon 319. 
Occurs in a^iujied and imbedded crystals and mas- 
sive. i 

Primaij|norrfi a Eight rhombic prism. Cryst. fig. 71. 
M,M'= 104° nearly. Fracture uneven. Hard. 
Of). Sp.gr. 6.038. Opaque. Lustre imperfect 
metallic. Colour igrgy is h- black. 

Massive variety , nodular, amorphous. Structure gra- 
nular, compact. 

Found in Finland/ Sweden, Dawia, and North 
America. I 

# TatttoLite, No 375. 

E.J.S. 8.181. 

Occurs crystallised in the volcanic rocks, at Lake 

• Loach. * 

Primary fonwa Right rhombic prism. Cryst. fig. 71. 


M,M ; = 109° 48'. Cleavage parallel to M and Mineralogy 
the greater diagonal. Fracture uneven. Hard. 

6.5, 7.0. Sp gr. 3.865. Opaque. Lustra vi« 
treous. Colour black. Streak grey. 

A 

A ' Tellurium . 

a. Native Tellurium, No. 19. 

Phil. 326. TIaid. 2.424. Leon. 691. 

Occurs minute attached Hexagonal prisms and 
massive. . 

Primary form a Rhomboid. Cryst. fig. 106. , 

Massive variety , structure granular. Hard. # 2.0, 2.6. 

Sp.gr. 6.115. Opaque. Lustre metallic. Colour 
tin-white. 

Found at Facebay in Transylvania. 

b. Graphic Tellurium. A urn- argentiferous Tellurium , 

No. 24. « 

Hatty, 4.380. Phil 327. Raid. 3.21. Leon. 690. 

Occuis in attached flattened crystals. # 

Primary form a Eight rhombic prism. Cryst. fig. 71. 

M,M' = 107° 44'. Plnl. Fraelure uneven. Hard. 

1.5, 2.0. Sp.gr. 5 72. Opaque. Lustic metallic. 

Colour steel-grey. 

Found only in Transylvania. 

c. * Yellow Tellurium, No 23. 

Phil. 328 Haul 3 171. Leon 691. 

Occurs in imbedded crystalline lamina'. Lustre 
metallic. Colour silver or yellowish white. 

Found in Transylvania. » 

cl. Rlack Tellurium. Foliated Tellurium. Auro- 
pfumhif'erous Tellurium , No. 22, 

Hafiy, 4.391. Phil. 328. Haid. 3.16. Leon. 689. 

Occurs in attached and aggregated crystals and m 
imbedded foliated masses. • 

Primary form a Square prism. Cleaves into lhn> 
flexible lamina; parallel to the terminal plane. 

Hard. 1.0, 1.5, Sp.gr. 7.085. Opaque. Lustre 
metallic. Colour dark lead-grey. • • 

Found in Transylvania. 

Thom son rrr., No. 212. 

Phil. 39. Haul. 3 162. Leon. 208. 

Occurs massive. Structure large fibrous, radiated ; 
the fibres prolonged into separate small columnar 
crystals in the cavities. * 

Primary form it Right rhombic prism. M,M'= 90° 40' 
nearly. Cleavage jmralleJ tq the two diagonals. 

Fracture uneven. Hard. 5 0. Sp.gr. 2.37. Trans- 
parent, translucent. Lustre vitreous. Colour 
white. 

Thorite, No. 376. 

Q J. 6 296. 

' Occurs massive, and much resembles the Gadoliniif 
* of Ytterhy. Fracture uneven, very brittle, full of 
cracks. Hard, about 5.0. Sp.gr. 4.6*3. Opaque, 

Lustre resinous, ' vitreous. Colour black. Streak 
greyish-red. Powder pale brownish-red. • 

Found in Syenite, on the island of Lov-on, near 
Brevig, Norway. 

Triv. 

Oxide of Tirf, 

a . Tinstone, Nil 139, 

Hatty, 4.152. Phil, 250. Haid. 2.384. Leon. 3o4 
Occurs in attached and imbedded crystals and mas- 
siye. 
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Mmwaiugy Primary form a Square prism. Cryst. fig 65. Cleav- 

'*~*s**"S a g c parallel to the lateral planes and both dia- 
► gonais. Fracture uneven. Hard. 6.0, 7.0. Sp.gr. 
6.060, crystallized, 6.319, fibrous. Transparent to 
'opaque. Lustre adamantine. Colour white, grey, 
black, brown, red, yellow, of various shades. Streak 
paler. 

Massive varieties, reniforrn, botryoidal, (JVood tin,) 
structure fibrous; amorphous, structure crystalline, 
t granular. 

Found abundantly in Cornwall, Bohemia, Saxony, 
f and in the older rocks in other Countries. 

* ' Sulphvret of Tin and Copper, 

a. Tin Pyrites, No. 87. 

Phil. 254. Haid. 3.163. Leon 624. 

Occurs iri attached crystals and massive. 

Primary form not ascertained. Cleavage imperfect. 
Fracture uneven. Hard. 4.0. Sp.gr. 4.35. Opaque. 
Lustre metallic. Colour yellowish-grey. Streak 
blaclf. 

Found in Cornwall. 

r 

Titanium. 

r Oxide of Titanium. f 

a. Anatask. Octaedrite, No. 386. 

Hath, 4.344. Phil. 257. Haid. 2.379. Leon. 358. 
Occurs ill attached and imbedded octahedral crystals. 
Primary form a Square prism. Cryst. fig 65. M,c 
(fi«:- 68) = 1 58° 24'. Cleavage parallel to the ter- 
minal plane, and to those of the octahedron. Frac- 
ture indistinct. Hard. 5.5, 6.0. Sp.gr. 3.826. 
Transparent, translucent. Lustre adamantine. 
Colour white, brown, blue. Streak white. 

Found • in Cornwall, Dauphiuy, Brazil, and a few 
other places. 
b Rutile, No. 387. 

Hidiy, 4.333. Phil. 258 Haid. 2 376. Leon. 360. 
Qccurs’m attached and imbedded crystals and crys- 
talline masses. 

Primary form a Square prism. Cryst. fig. 65. M,c 
(fig. 68) = 122° 15'. Cleavage parallel to the 
lateral planes. Fracture uneven. Hard. 6.0, 6.5. 
Sp.gr. 4.219. Transparent to opaque. Lustre 
adamantine. Colour red and reddish-brown of 
several shades. Stseuk pale brown. 

Found m Brazil, North America, Spain, and other 
parts of Europe. 
c Biiookiti:? No. &S8’ 

An.P. 1825. Haul. 3.82. Leon. 725. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst, fig. 71. 
M,M' ==. 100°. Lew. Cleavage parallel to the 
lateral piaues and short diagonal. Fracture* un«‘ 
eu*n. Hard. 5 5, 6.0. Transparent to opaque. 
* Lustre 'adamantine. Colour deep red and reddish, 
and yellowish-brown. Streak yellowish-white. 
Foupd at Snovvilou in Wales, in large crystals, in 
Dauphiuy 1 , Swisserland, and a few other places. 
Stheo htaniate of Lime, 
s, Sphenk. Spin there. Serin line, No. 394. 

Hafay, 4.353. Phil. 262. Haul 2.373. Leon. 368. 
Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form an Oblique rhombic Cryst. fig, 

83. PvM at 121° 30', M,M' = 133° 30'. Phil. 
Cleavage fwlifttinct. Fracture uneven, Hurd. 
6.0, 5.5. Spgr, 3,468. Transparent to opaque. 


Lustre adamantine to dull reamous. Colour grey, IISti®!ralogy 
brown, yellow, green. Streak white. 

Found in primitive rocks in several parts of Europe 
and America. 

Topaz. Pyemic. Pyrophy Halite, No. 516. 

Haiiy, 2.1 31. Phil. 84. Haid. 2.308. Leon. 401. 

Occurs in attuched, loose, and imbedded crystals, and 
massive. 

Primary form a Right rhombic prism. M,M' = 

1 24° 23'. Cleavage parallel to the terminal plane 
distinct, to the lateral planes 'indistinct. Fracture 
uneven. Hard. 8.0.^ Sp.gr. 3.5. Transparent tc 
nearly opaque. Lustre vitreous. Colour white, 
yellow of many shades, brownish-yellow, pink, blue, 
green. Streak white. 

Massive variety, (Pycnite,) structure columnar. 

Found in Brazil in loo*e crystals, and in primitive 
rocks in many other Countries, particularly in 
Siberia. 

Tourf.lite, No. 377. 

All. N.H. 9.217. Haid. 3.164. Leon. 482. 784. 

Occurs in granular masses in the Andover mine, 

Sussex County, *New Jersey. Colour dull ver- 
inilioii-red. It was at first supposed to contain 
cerium, but by a later analysis it appears to con- 
sist principally of silica, lime, and oxide of iron and 
manganese. 

Tourmaline. Black, Electric Schott, Blue, Jndico - 
life. Red to purple, Rubeihte. Apynte , No 429. 

Haiiy, 3.14. Phil. 139. Haid. 2.319. Leon. 446 

Ocem s in attached, imbedded, and aggregated 
crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 
rr 133° 26'. Cleavage imperfect. Fracture un- 
even. Hard. 7.0, 7.5. Sp.gr. 3.076. Transparent 
tii opaque. Lustre vitreous. Colour white, grey, 
brow r n, red, vellow, green, blue. * 

Found in Siberia, Ceylon, Brazil, North America, 
and many other places. 

Turneiutf, No 578. 

Phil. 382. Haid. 3.166. -Leon. 786. 

Occurs in attached crystals. 

Primary form an Oblique i hombic prism. Cryst. fig 
S3. Cleavage parallel to both diagonals of the 
prism. Hard. 4.5. 5 0 Transparent, translu- 
cent. Lusiit* vitreous. Colour f ellow, sometimes , 
brownish. * 

Found at Mount Sorel in Dauphiny. • 

The Pittite of Lametherie is said by Oallitzin (1802) 
to be the Sphene of Haiiy. Bnf it is described es 
pointed as a gravel, and nearly etjual to the gems 
in hardness, and is probably, tliereffcre, Axinite 

Uranium- ^ 

Oxide of Uranium, 

a. Pitchblende. Uran-pitch-dre , No. 138, 

Haiiy, 4.316. Phil. 267. Haid. 2.393. Leon. 565. 

, Occurs in reniforrn and amorphous masses. Struc- 
ture grannluT, compact. Fracture uneven. Hard. 

5.5. Sp.n-r. 6.468. Opaqhe. Lustre imperfect , * . 

metallic. Colour greyish and brownish-black. 

Found in Cornwall, but chiefly in Saxony and Bo- 
hemia. 

'Phosphate of Uranium. 1 

u, UftANtTE. Ur an -mica, No. 504. 
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Hatty; 4.319. Fffil. 267. Haid. 2.182. Leon. 140. 

< Occurs in attached crystals. 

Primary form a Square prism. Cryht. fig. 65. P,c 
(fig. 68) 112° 10'. Cleavage parallel to the 

terminal plane very distinct. Hard. 2.0, 2.5. Sp.gr. 
8.1. Transparent, translucent. Lustre adaman- 
tine. Colour yellow, greenish-yellow, and green of 
several shades. , 

Found in Cornwall, France, and some parts of Ger- 
many. 

The green variety has received the name of Challen- 
iiit , No. 505. * 

Sulphate of Uranium and Copper, 
a. J oh annul, No. 568. 

E.J.S. n. s. 3.306. Leon. 115. 

Occurs in small botryoidal concretions. Hard. 2.0, 
2.5. Sp.gr. 3.191. Translucent. Lustre vitre- 
ous. Colour bright % grass-green. Streak pale 
green. Soluble in water. Taste astringent, bitter. 

Found at Joachimstluil in Bohemia. 

Vaiigasite, No. 379. ' 

A pule greenish Mineral found in Finland, in amor- 
phous masses, having a smAll columnar structu e, 
and so named after Count Vargas Bodemar. 

No analysis or description published. 

\V Kimnrn, No. 380. 

A rolled mass loom! near Si. Petersburg has been so 
named Structure small, columnar. Colour pale 
yellowish white. 

Wl MIAMI it. No. 3S1. 

E.J.S. 2.218. 1 1 aid 3.170. L-on. 476 

Occurs in small imbedded globular masses, com- 
posed of minute crystals, radiating from the centre, 
and having t he lorm and measurements of Kpi- 
dote. Hard. 6 0, 6 5 Sp.gr. 3. 137. Translucent. 
Lustre vitreous. Colour red. Streak white, 

Found at (ilenepe in Scotland. 

Woikonskoit, No. 382. 

Occurs massive, amorphous, structure compact, [laid. 
2.5 Sp.gr. 2 213. Opaque. Nearly dull. Co- 
lour emerald-green. # Streak shining. Feels greasy 

Found at Perm in Sjheria. 

* Xanthiti:, No. 383. 

Is said to be yellow idocrase. 'Found in North 
America. • * 

Xanthoijtf„ ,# No 4 3S4. • 

» FcMind in North America. Has the appearance ami 
lorm of Garnet. 

Xylokryptitb, No. 589. 

t Occurs in deliewte yellow crystals in Lignite, having a 
fatty lustre.# 

* • Yttria. 

Jmovphatr of Yttria. 
a Tan a elite, No. 487.' 

EJ.S. 327. # Leon. 276. 

Occurs in aggro gated ^crystals and massive. 

Primary form a Square prism. Cleavage parallel to 
the primary plane*. Fracture uneven. Hard. 4.5, 
5,0. Sp.gr, 4.5<7. Opaque, 1/istre resinous. 
Colour yellowish-b^own. Streak pale browu. 

# Found near Linder noes in Norway. 

Silicate of Yttria and Iron, 
a. Gadolinitr. TtttcrbUe, No. 325, 326. 

Haiiy, 2,440. Phil, 105. Haid. 2,371. Lgon. 526. 
500, 
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Occurs in imbedded crystals and massive. Mineralogy 

Primary form an Oblique rhombic prism. Cryst. fig. ; 

83. P,M =s 96°. M,M ; ^ 115°, nearly. .No 
apparent cleavage. Fracture fiat conchoidal. 

Hard, 6.5, 7.0. Sp.gr. 4.238, Slightly trans- 
lucent. Lustre vitreo-re^inous. Colour greenish- 
black. Streak greenish-grey. 

Massive varieties, amorphous, structure compact. 

Found at Ytterby, Finbo, and Broddbo in Sweden, 
and in Greenland. , 

Tan taluk of Yttria , <$r c. 

a. Yttro-tantalite, No. 399 to 401. 1 

Haiiy, 4,389. Phil. 271. Haid. 3.173. Lefin. 352. « 

Occurs in imbedded imperfect crystals, and small 
amorphous masses. Cleavage in one direction. 

Fracture granular. Hard. 5.0, 5.5. Sp.gr. 5.4. 

5.8. Opaque. Lustre vitren-resinous. Colour 
black, brownish-black, yellowish-brown. 

Found at Ytterby in Sweden. 

Tantalate of Yttria and Cerium. • 
a. Fkrgusonitk, No. 398. 

Haid. 3.98. Leon. 738. 

Occurs iu imbedded crystals in quartz. 

« Primary form a Square prism. Chyst. fig. 65. 

Cleavage uncertain. Fracture conchoidal. Hard. 

4 5.5, 6.0. Sp.gr. 5.838. Opaque. Lustre resino- 
metallic. Colour brownish-black. Streak pale 

brown. 

Found near Cape Farewell in Greenland, 

Titaniate if Yttria , Zircon, and Lime , * 

a Poi.ym ionite, No. 396. 

E.J.S. 3.329. 

0 ,f *urs in imbedded crystals. 

Primary form a Right rhombic prism. Chyst. tig 
71. M,M' = 110° 3U' nearly. Fracture con- 
choidal. Hard. 6.5. Sp.gr 4.S. Opaque. Lustre 
imperfect, metallic. Colour black. Streak Hark 

brow'ii. 

Found at Frederiksvai n in Norway. 

Zlaoonjtk. Abrazitc . Ghmondcnc. Philfipsite , 

No. 219. 

Phil. 11. Haid. 3.174. I, eon. 198. 

Occurs in attached crystals, and globular crystalline 
masses with a fibrous structure. 

Primary form unknown, probably a Right rhombic 
prism, the apparently Square prisms being twin 
crystals. Fracture conchojdalt Haiti. 7.0, 7.5. 

Transparent to opaque. Lustre vitreous. Colour 
white, sometimes greyish or reddish. Streak 
white. 

Found at Vesuvius, and frequently in trap rocks. 
jSuiall crystals of sitcon of a pale blue colour have 
come to this Country ticketed Zeagonite, and have ■ 
led to an incorrect description of the, crystalline 
form of that 'Mineral. 

Zinc. * * 

Aluminate of Zinc . i 

Automalitk. Gahnitc , No. 150. 

Hauy, 2.170. Phil. 83. Raid. 2.298. Leon. 544. 

Occurs in imbedded octahedral crystals, and granular \ 
masses. . t «' 

Primary form a Cube. Cryst. fig. 56. Cleavage \ 
parallel to the planes of the octahedron, distinct. 

Fracture conchoidal. Hard. 8.0. Sp.gr. 4.232- 
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alogy Slightly translucent. Lustre vitreous. Colour 

'"" w ' dull green. Streak white. 

Pound at Fahlim and Broddbo in Sweden, imbedded 
, in slaty talc. 

Carbonate of Zinc. 

Calamine, No. 454. * 

Hatty, 4.181. Phil. 355. Haul. 2.1] 1. Leon. 158. 

Occ urs crystallized and massive. 

Primary form a Rhomboid, Ciiyst. fig. 106. P,P' 
= 107° 40'. Wollaston. Cleavage parallel to the 
primary planes. Fracture uneven. Hard. 5.0. 
Sp.gr. 4.44. Translucent, opaque. Lustre vi- 
treous. Colour white, grey, brown, green. Streak 
white. 

Massive varieties , reniform, botryoidal, stalaclitic, 
structure fibrous. Amorphous, structure granular, 

* compact. Roth varieties are sometimes found in 
an earthy state. 

Found, in England, France, and other places in Eu- 
rope, and in America. 

Red Oxide of Zinc, 
a . Sparta litk, No. 124. 

Hatty, 4.179. Phil. 353. Haid. 2.380. Leon. 563. 

Occurs in imbedded small nodules and massive. 
Cleavage parallel to all the planes of a regular 
hexagonal prism. Fracture uneven. Hard. 4 0, 
4,5. Sp.gr. 5.43. Translucent. Lustre adaman- 
tine. Colour red. Streak orange-yellow. 

• Massive varieties , amorphous, structure crystalline, 
granular. 

Found in New Jersey, North America. 

Riselenmret of Zinc and Proto -sulpha ret of 
Mercury. Del Rio. 
a . RioLifE, No. 55. 

Q.J. 4.232. P.M. and An. 4.113. 

Occurs massive, structure granular. Sp.gr. 5.56. 
Lustre metallic. Colour light grey. 

Found at Culebrns in Mexico. 

Bmienmret of Zinc and Bisulphuvet of Mer- 
cury. Del Rio. 

C OLE B HITE, No. 56. 

P.M. and An. 4.114. 

Occurs massive. Fracture earthy. Sp.gr. 5.66. Dull. 
Colour dull red. 

Found at Culebrns ii> Mexico. 

Silicate of Zinc. 

a. Smitiisonite. Electric Calamine, No. ]6S, 

Hatty, 4.175. Phil*254. Haul. 2.1 OS. Leon. 216. 

Occurs in attached, and globular, and botryoidal ag- 
gregations of cr\ stals. 

Primary form a Right rhombic prism. Ciiyst. finr. 
71. M,M'= 102° 35'. Cleavuge parallel to the 

lateral planes. Fracture uneven. Hard.- 5.9. 
Sp.gr, 3.38. Transparent, translucent. Lustre 
vitreous. Colour white, brown, yellow', greenish, 
and bluish. Streak while. • 

Found at Matlock m Derbyshire, in other parts of 
England, and. hi many othei parts ot Europe. 

Sulphate of Zinc. 
i Listerite, No. 539. 

Hatty, 4.198. Phil. 356. Haid. 2.46. Leon, 110. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Crvrt. 
fig. 71. M,M r 5= 91° 7', F fact u re conchoidal. 

Hard. 2.0, 2.5. Sp.gr. 2 036. Transparent, trails* 
lucent. Lustre vitreous. Odour white, occasion- 
ally reddish or ttuifth* S freak white, 


Massive varieties , botryoidal, reniform, stalactitic ; Minat alogjr 
structure fibrous. Amorphous, structure granular, " 
compact. Sometimes coating other substances. 

Found in most mines that contain the sulphuret, 
from the decomposition of which this species 
appears to lie produced. 

Sulphuret of Zinc. 

Blende, No. 71. 


a. 


b. 


Hatty, 4.1 86. Phil. 351. Haid. 3.32. Leon* 022. 

Occurs in ultuched crystals and massive. 

Primary form a Cube. Ciivst. fig. 56. Cleavage 
parallel to the planes of the rhombic dodecahedron. 
Fracture conchoi da 1 Hard. 3 5, 4.0, Sp.gr. 4.07 
Transparent to opaque. Lustre adamantine. Co 
lour white, (New Jersey, North America,) black, 
blown, red, yellow, green. Streak paler. 

Massive varieties , globular, botryoidal, reniform, sta- 
lactitie; structure fibrous. Amorphous, structure 
crystalline, granular, compact. A fibrous variety 
contain^ cadmium. 

pound in many parts ol Europe and America. 

Zmc and an Acid not yet ascirtained. 

Hopeite, No. 57 L 

Haid. 3 109. Leon. 746 

Occurs in attached crystals. 

Primary form a Rijjht rhombic prism. Tryst, fig. 
71. M,M' = 101° 24'. Cleavage parallel to the 
great diagonal, distinct. Fractuie uneven. Hard 
2.5, 3 0 Sp.gr. 2.76. Transparent, translucent. 
Lustre vitreous. Colour greyish-white. Streak 
white. 

Found at Altenhersr near Aix la Ohapelle. 

Tt’PlI KOTTF. ? No. 570. 


Leon. ^82. 

Occurs ainniplioiis. Fi act lire uneven. Hard. 5.5- 
Sp.gr. 1.10. Lustre adamantine. Colour ash- 
grey, becoming black externally . .. 

Found with Fraiikliinte, Ac in New Jersey. North 
America. 


Zitu o ma. 

c. 

Si/icatf of Z/r< nnw. 

Zihcon. flyaunth. Jar goon, No. ISO. 

Hniiv, 2.29 1 Plul. 99 Haid. 2.368. Leon. 387. 
Occurs in attached, imbedded, and loose crystals. 
Primary lorm a Square prism. , Cry«t. fig. 65. 
M,e (fig. 6S) = 132° 12'. Phil. Cleavuge parallel 
to the lateral planes, indistinct. Fracture con- 
choidal. Hard. 7.5. Syi.gr. 4 5. Transparent to 
opaque. Lustre nearly adamantine* Colour gr^y, 
brown, red, yellow, pale green. Streak w hite. 
Found in many parts ol the Worlf(- <r 

TUamale of Zirconia, Cerium , Ac 
^Eschynite, No, 397. 1 N, 

E.J.S. n.s. 3.28. P.M. amf An. 10,188. 

Occurs hi imbedded columnar crystals in mica and 
felspar. ^ 

Primary form n Right rhombic prism. Ciiyst. fig. 
71. M.M' r= 127°. Cleavage not apparent. 
Fracture uneven. Hard. V3.0, 7.0. Sp.gr. 5.14. 
Opaque. Lustre imperfect, metallic. Colour 
black. Streak i? re yish -black. 

Found at Miask in Siberia. . 

Zotzite* No 290. 

Haid. 2 282. Leon. 476* 
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rtnendegy. Occurs in imbedded and aggregated columnar 
crystals. 

Primary form an Oblique rhombic prism. P,M (un- 
known.) M,M =: 116° 30'. Fracture uneven. 
Translucent. Lustre vitreous. Colour white, grey, 
brown, green of several shades. 

Found in Cariuthia, the Tyrol, Siberia, and other 
places. , 


Zurmte, No. 805. Miwoumo; 

Monticelli, Prodromo de la Mineralogia Vesuviana, 
p. 392. Leon. 787. „ * * 

Occurs crystallized and massive. # 

Primary form a Cube or Square prism. Fracture un- 
even. Hard. 4.0, 4.5. Sp.gr, 2.274. Colour 
asparagus-green. 

Found .at Vesuvius. 


iNDEX. 


The names of those species which are placed in' their 
alphabetical order in the preceding List are also re- 
peated in this Index lor the purpose of giving the entire 
series of species alphabetically. Those which are che- 
mically arranged in the List will be found here, accom- 
panied by references to the chemical groups in which 
they stand in the List. 

Many synonymes, now nearly obsolete, are omitted in 
this Index, and it is much tl> be wished that the Mine- 
ralogists of* different Countries could agree upon some 
single nomenclature, which might render a Att ire repe- 
tition ot any synonymes altogether unnecessary. 

A. 


Abrazite. Zeagnmte 
Aehmitc. 

Actmohte. AmphiLde 
Adamantine Spar Corundum. 

Adularia, IVlspar. 

Aequmuhte. Spbfrruiite. 

Aerolite. Native lnm 
Aerosite. Anumonul Sul jihuret of' Silver. 
Awhynite. Tituni.de »»t Zircomu, Nc. 
Agalniatuhte. II \ drous Silicate ot Alumina,//. 
Agaplute. Cahute. 

Agaric Mineral Katthy Cuibnnute of Lime. 
Agate, Culeedony * * 

Agnemto. CarUmufe of Bismuth. • 
Akanhcone. Kpidotf. 

Alabaster Compact Sulphate of Lone. 

Alftlite. Pyru\cn»\ 

Allan. Apoph) llite. 

Albite. C'.loavcluiiditg. 

Aflagife. Mangaiiu^e" 

Allamte Silicate ot ferimn and 1 roi:, 

Allcehioite. (»uilet t 

Allophanc. •JLdious Silicate of Altunina, k. 
Alniandme^riFiarifet. 

Alum. SuffmuU* of Alumina and Potash, «. 
Alumina, Fluute. 

Hydrate. 

Mellate. | 

Native. 

Phosphate. • 

Silicate. f 

Hydrous Silicate. * 

Sulphate. ^ • 

* Alum Stone. Sulphate oF Alumina and Pot*Ah» $ 
Amalgam. Native Mercury, h, 

Amazon Stone. Green Fefiqmx. 

Amber. Carbon, F. 

AmMygonitu. 

Amethyst. Purple Quartz, 

VOL. VI. 


Amianthinite. Amplubole. 

Ammnthoide. Amjilnbole. 

Amianthus. Amjilnbole. 

•Ainiutire. Fionte. 

Ammonia. Muriate. 

Sulphate. 

Anipelite. 

Amjihibole. 

Amphigem 1 . J.eucde. 

Amphodeiite. Latrobite. 

An.ilciine. 

Ana! use. Oxide of Titanium, «. 

Andalusite. Silicate of Alumina, r. 

Andieohte. Hurmolniuc. 

Ai,„ t 'u*iie. Sulphate of Lead. 

Anhydrite. Anhydrous Sulphate of Lime. 

Ankerito. Carbonate of Lime and Iron. 

Anorthitn. 

Authnphylhle. 

Anthracite. Coal, a, 

Anthracomte. Columnar Carlxmate of Lima. , 
Aniiinoiuul Silver. Stibiuret of Silver. 

Antimony, Arsenical. 

Native. 

\N lute. 

Suljihnret. 

Ciiev. 

Mack. 

Red. 

Antnmolite A supposed new Mineral from Ireland, 
Apatite.. Phosphate ot Lime. 

Aphriie. JVaily Carl innate of Lame. 

Aphnzite. Tourmulme. • • 

Ajtlome. 

Apuphyllito 

Apynte. Red Touimaline. 

Aquamarine. Knierald. 

Arendalite. Kjadote. 

Arfwedsomte. 

Arkfi cite. Srapolite. 

Arragunite. Hard Curbonate oi Lime. 

Arsenic, Native. • 

( Kule. * 

Kulphuret. 

Asbestos. Aiuphilxile. * 

Aschblei. Native Bismuth. . * 

Asparagus Stone. Phosphate ot Li ice 
Asphahum Bitumen,/’. 

Asteria. Corundum. 

Atacamite. Chloride of Copper 
Augite. Pyroxene. 

Augustite. Phosphate of Lime, 

Aur*1ite. 

Automalite. A1 uni i note of Zinc. 

Avantuiiuc. Quartz, 

Axe-stone. Jade. 

Axinite, 

81 
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Mineralogy. AxotamSus Arsenical Pyrites. Hiittonbergite. 

Axotomoua Iron. Titaniato of Iron, e, 

Azabashe. *Coul, Jet. 

Azurite. 

1 B. 

Babin gtointe. 

Baikalite. Pyroxene. 

Baldogee. Gieen Barth. f 

Barbadoes Tar. Petroleum. 

Bardiglione. Anhydrous Sulphate of Lime. 

Barolite. Carbonate of Barytes. 

Ibirosi-lenite. Sulphate of Barytes, 
ifurruclite. Carbonate oi Soda and Lime, o. 

• Burystronttamte 
Barytes, Carbonate. 

• Sulphate 

- Barytocalcite. Carbonate of Barytes and Lime. 

Baryto-Huonte. Sulphate of Barytes and Fluate of Lime. 
Basanite. Silica, b. s 

f Bastnaite. Seleniurel of Bismuth and Tellurium. 

Baumerite. Chloride of Mercury. 

Beaume de lyoHiiie. Asphnltum, 

Beekite, a Mineral not described, said to be Silicate of Alumina. 
f Beilstein. Jade. 

Bell-metal Die, Sulphurot of Tin and Copper. 

Bergmamnto. 

Bergraehl. 

9 Beruliardite. Sulphate of Potash. 

Bernstein. Amber. 

Berthierite. Sulphurot of Antimony and Iron. 

Ber) J. Emerald. 

Berzeltle. Chloride of Lead, r. 

Bendantite. Oxide of Iron and Lead. 

JB.ildsteiu. Agalmatohto, 

Bimsteui. Pumice. 

• Bioii ne. 

Bismuth, Arsenmret. 

Carbonate 

Native. 

(),\ide. 

Si-leniuret, 

Sulphuret. 

Sulplio-tellmet. 

Bismuth -blende. Siiicionsi Carbonate of Bismuth. 

Humph h glance. Sulpluiret of Bismuth. 

Bisiriutlnc Silver. Sulphuret of Siiver. Lead, and Bismuth. 
Bilteispur. Carbonate of Lime and Magnesia. 

Bitumen. Carbon, C. 

Black Chalk. Arnpelite. 

Black Copper. Oxide of Manganese, Iron, and Coppei. 

Black Lead Carburet of Iron. 

Blattererz. Tell m mm. 

Bleimere. Automate of Lead. 

Bieisehimmer. Sulphuret of 'Lend and Antimony. 

BU-isehweif. Compart Sulphuret oi Lead. 

Blende. Sulphuret of Zinc. 

Blitzsinter. Qiuutz. SbiuMubea. 

Bloedite. Sulphate of Magnesia and Soda. 

Bloodstone. Quartz. Calcedony, 

Bole. Hydrous Silicate of Alumina, k. 

Bolide Native Meteoric lion, 
t Bolo-man Spin. Sulphate of Barytes. 

Boiacic Acni. 

Boracite. Bin ate of Magnesia. 

Borpx. Borate of Soda. 

Jlimfch. Carbonate of Soda. 

Borrute. Solpho-tellnret of Bismuth. 

Botryogene. Red Sulphate of Iron. 

BotryohV*. Borosilicaie of Lime, c. 

Bournonitc. Sulphuret of Lead, Antimony, and Copper. 

, Bovelite. 

r Bovey Coal. Carbon. 

Braardite. Red Silver, «. 

Braunite. Oxide of Manganese,/. 

Breislakite. 

t Breuunente. Carbonate of Magnesia and iroi.. 

* Brewsterite. 

' Brittle Silver. Polybozite. 

, Brochantite. Sulphate of Copper, b. 

Brongniartm. Glauberite. 

Bronzitc. 


Brookite, Oxide of Titanium, c. t Min*mtogy 

Brown Iron Ore. Hydrate of Iron. *- — r — n__ ■ 

Brownspar. Carbonate of Iron. 

Brucite. Condrodite. 

Brunon. Silicon- calcareous Oxide of Titanurtt. 

Huchnlzite. Silicate of Alumina, «*. 

Bucklandite. 

Buntkupfererz. Purple Copper 
Bustunnte. Pyroxene? 

Hysvolite. Amphibole. * 

c. 

Cacholong. Hydrous Quartz. , 

Cadmium. # 

Calaite. 11} di ate of Alumina^ c. c 

Calamine. Car inmate ot Zinc. 

Calamine, Electric. Silicate of Zinc. 

Calamite. Amphibole. 

Calcedony. Silica, b. 

Calcite. Crystallized CaihonaV of Limo. 

Caledouite. Cupreous Sulphate -tji-carbonate of LexB 
Candite. Black Spinel le. 

Caiitalite. Yellowish-green Quart*. 

Carbonic Acid. 

Curljiincle. (-Jarnet. 

Cauntbiu Amphibole. 

Cariiithite. Molybdate of Lead. 

Carneliau Silica, h. • 

Carphosiderite. Phosphate of lion, b. 

Cats eye. Quartz containing Asbestus. 

CavoUmte. 

Cawk. Sulphate of Barytes. 

(’destine. Sulphate ol Strontm, 

Ceiaunian Sinter. Quartz, Sand-tubes. 

Cenumite. Jade, Nephrite. 

Cereolite. 

Cerim*. Silicate of Cerium and Iron, b. 

Cerite. Silicate of Cerium and Iron, «i. 

Cerium. Carbonate. 

Fluate. 

Silicate. 

Chabasie. 

Chalcolite. Phosphate of Cranium and Copjvt 
Chalcosulertte. Fibrous green Iron Eaith. 

Chalk. Eaithv (Ui Inmate of Lime. 

Chaminisite. Oxidulous Iron. • 

Chelmsioidite. Sc.ipoiite. 

Cluastolite, 

Childremte. 

Chlorite. Talc. 

Chlormnelau. Cronstedtitc. « 

Ghloropal Silicate of Iron, *• 

Chlorophicite. ‘ , 

Chlorophane. Fluate of Lime. 

Christianite. Anorihite. « w 

Chrome. Oxide. 

Chrysobcril. * 

Chrysocolbi. Silicate of Cupper, A. 

Chrysolite Peridot. 

Cbrysoprane. Silica, b. 

Chusite. Decomposing gianular Peridot 
Cimohte. Hydrous Silicate oi Aiumibu, •' 

Cinnabar. Sul]»hurc*t of Mercury. 

Cinnamon-stone. Garnet. f 

(’lay’ Hydrous Sdicute of Alumina, c 
Clayslate. Clay 

Claystone Clay. , 

Cleavelandite. 

Coal. Carbon, B. 

Cobalt, Arseniute. 

White. f 

Grey. 

Earthy . 

Sulphate, • v 

Sulphuret. m „ 

Coccolite. Gra^idar Pvnxeofi. 

Cockle, Tourmalin* 

Colophonite, Garnet 
Culumbitr. Tantalite, 

Coraptanfce. 

Condrodite, 

Coudurrite. Areeniate of Copper 
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Mineralogy. Tivoli. Calctuffi 

^ Copal, Fossil. Bitumen. 

v Copper, Arsouiatc. 

Arseniuret. 

Carbonate. 

Chloride. 

Nutive. 

Oxide. 

Phosphate. 

Seleniuiel. * 

Silicatu. 

Sulphate. 

Solphuri t. 

J Cupper Nickel. ArM‘ii*irit of Nickel 
Coralleneu. IIcp.it.u- Sulphuret ot Mercury. 
Corundum. N Jltnc AlumuiH, a. • 
Cottoncrz. White Tellurium. 

Couzeranite. Felspar. 

Crichtonite. Titaniate of lion,/. 

Crispite. Titiimum, Rutile. 

Cmculite. (ilolmlai radiated red Natiohte^ 
Crunstediitc. Silicate of Iron, .1 
Criicito. Cluastolite. 

Cryolite. 

Cubicite. Analcmie. 

Culehnte. Biscleniuiet of Zinc, Ac. 

( 'ummingtoniu*. Amplnliolc. 

Cyauite. K)an te % 

( ymophum*. Clnysoheu! 

Cyprme. liiue Idociase 


D 

Da]**che. B. lumen. 

Dathobtc. lioiosihc.ite of Lim«s, k n 
Dauutc. 1*«‘<1 Toumii.iIuh’. 

Davitf. Sulphate of Alumina, 

J Uv\ no 

Delphimle. Kpiduto. 

Deoduhte. Biichstom* 

Desruinc. 

Devnui'c. Ihiotpli.itr of AUuniua 
Dudogite. t !.ti hoiiate oi M.iugducst . 

Diamond. Carlton, A. 

Diuspurc. Hydrate* of Alumina, u. 

Ihchroite. • 

Diopmde. Puoxme. * 

Dioptasc. Siluuteoi Coppet, a 
I huloitc, L.itmhile. 

Dip) re. 

Disliutc. • 

Distliene. Ky anile. 

* Dolomite. Gi an uUr Magnesian Carbonate of Lime. 
Dragomte. < 'rystalti/e«i Quart/. 

Dyskohte. Saussunti* , 

Dysudile. Coa|. d * 

j;. 

Kdingtnmte. • 

Egerano, Jtdncinsc 
Kgyptum Babble. Quart/. Jasper. 

Mscnkiescl. Feiru^mows Qu.ntz. 

Kkehergite. Suipulite. 

Elatjolne. 0 § 

Eluteritu. 

Electi um. 

Emerald. 

Emeiy. Granular Corundum 

End el hone. Swlphurrt* of Lead. Antimony, and Copper. 
Kpidote. 

Epistilhite. J 

Kpsomite. Sulphate of Magnesia. 

Eremite. Hannotome. / 

Knnite, Aiscuiate of Copper. * 

Erlaobe. \ % 

' Esmarkite. Siltcious Borate of Lime. * 

Eswuide. Garnet. 

Kudmnte. Arseni ate of Coppe-. 

Kuchymderite. Achmite. • 

Euclase, * 

Kudyulite, 

Kukairite. Seleniuret of Silver and Copper, 



Mineralogy* 

Fahlunite. 

Fahlore. Sulphurot of Copper, Iron, &c., A. * 

Fassaite Pyroxene. 

Felspar. • 

Felslein. Compact Felspar. 

Fergusonite. Tantalate of Yttria and Cerium. 

Fetstein. Elaolite. 

Fihrohtp. plicate of Alumina, d. 

Figure-stone. Agalmatolite. 

Fiorite. Hydrous Quartz. 

Fish-oy e-stone. Apophyllite • 

Flint. Silica, ft 

Flockencrz. Arseuiate of Lead. 

Flos-tern. Coralloitlul Arragomte. * 

Fhiellite. Aluiuma, a, 

Flukau. Clay. 

Fluor Spar. Vluate of Inline. 

Forsterite. 

Fossil Copal, Carbon, E. 

Fowlente. Bisihcate of Manganese. 

Fraukhiute. Oxide of Iron. Zinc, and Manganese. 

Frugardite. Reddish Id'>cra*«o, containing Magueor* 

Fulgurite. Sand -tubes, Quartz 

Fuller’s Kaith. Hydrous Silicate of Alumina,/. 

Fuscitc. 


(jI. 

Guhhionite. 

G/ulo'inite Silicate of Yttria and Iron. 

Gahiute. Alum unite of Zinc. 

Galena. Sulphuret oi Lead. 

CtallizenKteiu. Sulphate of Zinc. 

Galhzmit. Oxide oi Titanium. 

Garnet. 

Gay Lussite. Carbonate of Soda and Lime, a, 
Geantrace. Coal. 

Geldenite. 

G^y sente. Hydrous Quartz. 

Ginosite. Hydrate of Alumina, b. 

Gieseckitc. • 

Giohertdc. Carbonate of Magnesia. 

Gniisoh Quart/, Opal. 

Gismondm. Zeagonite. 

Glance Copper. Sulphuret of Copper. 

Glauber Salt. Sulphate of Soda • 

Cilauhente. Sulphate of Soda and Lime. 

(ilaucolite. 

Gmelinite. 

GoGtlute. Oxide oi Iron, b 
Gold 

Got land de. Aisennite oi Lead 
Gramm at it e \ m phi bole. 

Graimntte. Sduate of Lime. 

GiaphicOu. Telluimm 
Giaplute. Caibmct of Iron. 

Green Earth. # 

Green Iron Earth. Silicate of Iron,*/’. 

Grecnlamlite. Garnet. 

Gregorite Fein fern us Oxide of Titanium. 

Greualite. Staurohte. 

Grostmlana. Garnet. 

Grunerite. Sulphate of Strontian and Barytes* 
fruwmistein Qiuutz, Hyalite. 

G nr ho ban. Compact Magnesian Carbonate ol Lima, 
Gypsum. Sulphate of Lime. # 

H. 

• * 

Ilaidingerite Arseniate of Lime, 6, • 

Halide. Welmterite. 

Hallotricum. Sulphate of Magnesia. 

H alloy site. Hydrous Silicate of Alumina, d, 
Hannotome. 

Harnngtonite. ’ 

Hartmarinite. Sulphuret of Antimony and Nicke* 
Hatchetine. .Carboy, G. 

Hausmannite. Oxide of Manganese, e. 

Httuyne 

Hujrdenito. Heulandite. 

Haytorite. Quarts, 

Hfcdeubergitc. 

32 fc 
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Mineralogy. Heliotrope. Silica, b 
wm/W Helvin. 

Hematite, Brown. 1 lydrous Oxide of Iron 
Red. Oxide of Iron, e. 

Henkel ite. Sulphuret of Silver. 

Hepatite, Barytes. 

Herderite. 

Herroralite. Iodide of Silver. 

Herschollite. 


Hett'poiite. Phosphate of Manganese and Iron, b . 
Htmlundite. 

Highgate Kesin. Carbon, E. 

Hisingerite. 

Ifjgauite. Natrolite. 

Ilonoy-stove. Mellite. 

Hopeito. Zinc ? a. 

Hornblende. Amphibole. 

Horn Silver. Chloride of Silver. 

Hornstone, Fusible. Compact Felspar. 

I ufusi ble. Quart z. 

Humboldtilite. Somervillite. 

HumboldLine. Oxalate of Iron. 

Hurnboldtite. Boro-silicate of Lime, f> 

Hunute. ** 

Ilurauhto. Phosphate of Manganese and Iron, c. 

• iliittenbergite. Sulphuret of iron and Arsenic. 
Hyacinth. Zircon. 

Hyalite. Hydrous Quartz. 

• Hyaloaideritc. Peudot. 

Hydrogen Gas. 

Ilydrargiliite. Phosphate of Alumine. 
Hydropluine. Hydrophune Quartz. 

Hydrolite. Gimdinite. 

Hydropite. Silicate of Manganese. 

Hydro-si licitu, Quartz. Appendix. 

Ilypersthene. 


Jet. Wood Coal. 

Johannite. Sulphate of Uranium and Copper. 
Jolvnite. Calaite. 

Jolmstouite, Vanodiate of Lead. 


K. 

Kakoxene, 

Kali. Potash. 

Kaolin. Hydrous Silicate of Alumina, p 
Karaite Amber. 

Kurpholite. 

Karpbohiderite. Phosphate of Iron 
Karstemte. Anhydrous Sulphate of Lime, 

Karst '.n. Schiller Spar. 

Ketlckil. Carbonate of Magnesia. 

Kernphyllitc. Amphibole. 

Keratite. Quartz, Hornstone. 

Kerntophylhle. Amphibole. 

Kerolitc. 

Kerstemte. Cobalt, Bismuth, and Arsenic. 

Kil. Silicious Cnrtioiiutc of Magrvtna P 
Killenite. 

Killkeff. Sihcious Carbonate of Magnesia ? 
Klaprothite. Azurite. 

Kol»e w ite. Sulphuret of Mauganese. 

Kdhlerite. Carhuuatc of Manganese. 

Kollyrite. Hydrous Silicate of Alumina, n. 
Konigine. Sulphate of Copper, c. 

Koiiiiite. Quartz. 

Konite. See Couite. 

Koreite. Agalmatohte, 

Koupholite. Prehnite. 

Kupferindig. Sulphuret of Copper and Iron, b. 
Kupferschaum. Carbonate of Copper and Zinc. 
Kyunite. Silicate of Alumiua, a. 


L. 

I bento. 

Ice-spar. Anorthite. 

Icthyuphthohnite. Apophylhte 
Idocrase. 

Igida. J ade. 

Igloite. Arrugonite. 
llluderite. Epidote. 

Ilmexite. 

Uvaite. Yemte. 

Indiumte. 

Indicolite. Blue Tourmaline. 

Inolite. Stalactitic Caibonate of Lime. 

Iohte. Ihchroite. 

Indium. 

Iron, Aluininate? 

Arsemate. 

1 Carbonate. 

Carburet. 

Chromate. 

Native. 

N alive Steel. 

Oxalate. 

Oxydulous. 

Oxide. 

Hydrate. 

Phosphate. 

' Scheelate. 

^‘■'ilicate., 

Sulphate. 

, Sulphuret. 

TV uniale. * 

Iren Pitch Ore. Iron Sinter. Pittizite ? 

Iron Sand. Titaniate of Iron, «. 
t i 1 serine. Titaniate of Iron, b . 

Isopyre. 

Ittnerita. 

j. 

Jade. 

Jamesonite. Sulphuret of Antimony, Lead, and Iron. 
* Jargoon. Zircon. 

Jasper Silica, A 
Jefteraonit*. Pyroxene 


L. 

Labrador Hornblende. Hypersthene. 

Labrndonte. 

Lanark ite Sulphato-carbomite of Lead. 

Lapis Lazuli. Lazulite. 

Lardite. Agalmatohte. 

Lasnmite. Wavellite* 

Latialite Iluiiyne. 

Lutrobm*. 

Lauinoiute 

Lava 

Laxinannite. Chloride of Silver. 

Lazulite. 

Lead, Alunmiatc 
ArHemate. 

Carbonate. 

Chloride. 

Clu ornate. 

Mol \ bdate. 

Native,. 

Oxide. 

PhuNjihate. 

Scheelate. 

Seleniuret. 

Sulphate, 

Sulphato-carbonate. 

Sulphuret. 

Vauadiate. 

Leelite. > 

Leman it c. Compact Felspar. 

Lem iiiun Karth. Hydrous Silicate of Alumina, 
Lenxinite. Hydrous Silicate of Alumina, c. 
Lepidolite. Mica, c. 

Lepidokrokite. Hydrous Oxide of Iron* 

Leucite. 

Leucolito. Uipyre^ 

Libethenite. Phosphate of Copper. ( 

Lievrite. Jenit^ 

Ligurite. 

Lignite. Coal, a 
Liilalite. e Lepidolite. 

Limbihte,# 

Lime, Ameniate* 

BurtHnlicate* 


Miaerak*y 
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Mineralogy. Lime, Carbonate. 

Arragonite, 

Fluate. 

Native. 

Phosphate. 

Scheelate. 

Silicate. 

Sulphate. 

Titaniatc. 

Limonite. Oxide o Iron. 

Linante. Cupreous Sulphate of Lead. 
Liusenerz. Arseniute of Copper. 

Lipalite. Quartz, Flint. 

, Listeritc, Sulphate of Zinc. 

Litheosporo. Radiated Sulphate of Barytes. 
Lithomarge. Hydrous Silicate of Alumina, i. 
Liver Ore. Sulphuret of Mercury? 

Loboite. Idocrasu. 

Lodalite. Compact Felspar. 

Lotalite. Amphibole. 

Lumachellu. Shelly Carbonate of Lime, 
Lydian-stone. Quartz. , 

Lythrudes. Elaolite. 


M 

Made. Chiastolite. 

Maclelnnito. Sillimnnite. 

Maclureite. Condrodite. 

Modreponte. Columnar Carbonate ol Lime. 
Magnesia. Borate. 

Carbonate. 

Hydrate. 

Phosphate. 

Sihcutr. 

Magnetic Iron. Oxidulous Iron. 

Magnesite, Carbonate of Magnesia. 

Malachite. Carbonate of Copper. 

JV1 al aeul i to . Pyroxene. 

Multlin. Bitumen, d. 

Manganese. Arxeniuret? 

('arbonate. 

Oxide. 

Phosphate. 

Silicate. 

Sulphuret. 

Mangamte. Oxide of Manganese, «, 

Marble Compact Carbonate of Lime. 

Marec unite. ( >bsidian. 

Margnrite. Mum, //. 

Markusite Arsenical Sulphuret of Iron. 

Marl. Aluminous In me. t 
Marmohte. Silic ate of Magnesia, a. 

Mascagniu. Sulphate ol Ammonia. 

Massicot. Yellow Oxide of Lead. 

Mauritcife. Phosphate of Alumina and Ammonia. 
Meerschaum. Silicate* of Magnesia, d. 

Meion ite. * • 

Melanite. Black ffarnet. 

Melanteria. Sulphate of Iron. 

Mellilite. 

Mellite. Mellate of Alumina, o. 

Menachanfte. Titaaiute of Iron, c. 

Mengite. 

Menilite. Hydrous Quarts. 

Merc*iry. Cnlorfte* 


Mesitine 
Mesola. 
Mesolite. 
Mesotype. 
Meteorite. 
Miargyrite 
Mica. 


jJsulphun 
6^>ar. Cai 


ailphuret. 

Carbonate bf Lima and Iron r 
Chabaaie. . 


Native Iron, f 
Red Silver,^ 

Micaceous Iron. OligisteJron- 
Micaphyllite. Amlalusite/ 

Micarelle. Finite or Scapolite. 

Miemite. Magnesian Carbonate of Lime. 
Mineral Adipocire. Hatchetine. 

Minium. Red Oxide of Lead. 

Miepickel. Sulpho-aweniuret of Iron. 
Misy. Persulphate of Iron. 


Mocha Stone. Quartz, Dendritic Agate. * 

Mohsite. Titaniate of Iron, g, 

Molarite. Quartz, Buhrstone. 

Molybdan Silver. Sulpho-telluret of Silver and Bismuth. * 
Molybdenite. Sulphuret of Molybdenum. 

Molybdenum. Oxide. * 

Sulphuret. 

Monacite. Mengite. 

Monticellite. 

Moon-stoop. Felspar. 

Momite. 

Moroxite. Phosphate of Lime. 

Mountain Cork. i * 

Leather. jAsheBtus. 

Wood. J 

Mountain Meal. Bergmehl. * 

Mountain Soap. Hydrous Silicate of Alumina, 

Mountain Tallow. II at diet mo. 

Muller's Glass. Quartz, Hyalite. 

Mundic. Iron Pyrites. 

Murdusonite. 

Muriacite. Anhydrous Sulphate of Lime. 

Muriate of Silver. C blonde of Silver. 

Muriatic Acid. * 

Muricalcito. Magnesian Carbonate of Lime. 

Murindo. Bitumen, e . 

Murio-carbonate of Lead. Chloride of Lead, 6. 

Mussite. Pyroxene. 

9 Myrsen. Silicious Hydrate of Magnesia, 


Wanm&ogft 


V. 


Naphtha. Bitumen, a. 

Naphthaline. Carbon, H. 

Napoleouite. Globular Felspar. 

Natrolitu. Mesotype. 

Natron. Soda. 

Necrointe. Felspar? 

Needle-ore. Sulphuret of Bismuth, Lead, and Copper. 
Needle-stone. Mesolite. 

Neopet re. Quartz, Hornstone. • 

Nepheline. 

Nephrite. Jade. 

Nickel. Arseniatc. 

Arsemuret. 

Oxide. * 

Sulphuret. 

Ni^rine. Titaniate of Iron, d , 

Nitre. Nitrate of Potash. 

Nnntromte. Silicate of Iron, d. 

Nosm. Spinellane, 

Nuttalbte. 


0 / 


Obsidian. 

Ochie. Oxide of iron. 9 • 

Ochrmte. Oxide of Cerium. 

( Ictahedriie. Oxide of Titanium, a. 

Odeiit, probably Black Mica. 

Oisamte. Oxide of Titanium 
Okenile. Silicate of Lime, b . 

Oldh.tmite. Siiiciferous Sulphate of Alumina, a. 
•Olifribte Iron. Oxide of Iron, a, 

Olivenite. Arse mate of Copper. 

Olivine. Peridot. * 

Onegite. Titannlm ? 

Onyx. Calcedony. 

Oolite. Globular Carbonate, of Lime, 6.* 

Opal, llydrons Quartz. 

Ophite. Serpentine. 

Orpiment. Yellow Sulphuret of Arsenic. 

Orthite. Silicate of Cerium, Iron, Alumina, and Lime, a 

Orthose. Felqmr 

Osmelite. 

Osmium* 

Osteocolla, in'erustinfc Carbonate of Lime. 

Ostranite- Zircon ? 

Otrelite. Schiller Spar ? 

Oxahoerite. Apophyllite. 

Oxalite, Oxalate of Iron. 
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Mirttwategy, * p 

V JJBr '*“ llL * i*ttgoilite. Agalnmtohtc. 

Palladium. 

Pamplomta. Molybdate. &c. (ii Lead 
Parantfiiue. Scapolne. 

Pargusite. Amphihole. 

Paulite. Hypeisthene. 

Pearl Spar. " Magnesian Carbonate of Lime. 
Pearlstoiie. 

Peat. Coal. 

PechiMAJi. Ferriferous Oxide of Uranium. 

Pektolite. 

Peliome. Dichruite. 

relokonite. Copper, composition unknown. 

1 Pentaclasite. Pyroxene. 

Peridot. 

Petalite. 

Petroleum. Bitumen, b. 

PetuutzC probably Quart/.. (Chinese.') 

Phnii^ucolitc, Arscmate of Lime, n. 
Phnrmacosidente. Cubic Arsen iate of Iron. 
Phenakite, A new Mineral not described. 

Phillipsite, t Zeagonite. 

Pholerite. Hydrous Silicate of Alumina, «. 

, Vhosphalo-arseniate of Lead, Phosphate of Lead, L, 

Phosphorite. Fibrous Phosphate of Lime. 

Photizite. Siheious Caibouate of Manganese. 

# Physahte Topaz. 

Picotite. Tounimhne. 

Picnte. Magnesian Carbonate of Lime. 

Picrolite. 

Picrusinme 
Pictite Tnrnente P 

Pierm de Tnppes. Anhydrous Sulphate of Lime. 
f PinieliU\ Oxide of Nickel. 

Pinguite. 

Finite. 

Pisolite. Globular Caibonate of Lime, a. 

Pistazite Epulotc. 

Pitchblende. Femferous Oxide of Uranium. 
Pitchstom* • 

Pittizite Arsenmte of Iron ^ 

Plagiomte. A new Mineral not described. 

Plasma. Silica, b, 

Platina. 

Pico^aste. Sjunelle. 

Pletiroklas. Wagnente. 

Plomhugine, ot 

Plnmh-gnmme. Alumniate oi Lead. 

Plumbago Graphite. 

Plumbo-calcite. Carbonate of Lime and Lead. 
Plurauium. 

Poihte. Pitch stone. 

Polishmg|S!ate. Earthy Quartz. 

Pol)hasite. lied Sdvei, r. * 

Po!\ chrome. Phosphate of Lead. 

PoUb.dlite 

Poi\ migmie. TantaUtf ofA'ttria, Zircon, and Lime. 
Pol\xen. Platina. 

Poonahhte, 

Porcelain Clay. Kaolin. 

PoireUin .hisper. Quart/, oavper. 

Potash. Nitrate. 

‘ Sulphate. 

•Potstorio. Compact Tub*. 

Poimxa. Rotate ot Soda. (Chinese.) 

Prase. Green Quartz. 

Prateolite. A n« k w Mineral not deHcrxbed, 

Piolhetjjte. Green Pyroxene. 

Prunnurite. Grpj Carbonate of Lime. 
Psciido-Sommite. llovelite. 
t Pmloinelane. Oxide, of Manganese, d. 

Pycnite. Topaz. 

Pyraphrolite. Pitehstone. 

Pyrargillite. 

) Vreneite. Black Garnet. 

Pyrgora, Pvroxetm. 

Pyrites. Sulphuret of Copper, or ot In*. 

Pyrochlore. Titaniate of Lime, he. 

> Pyrolusite. Oxide oi Manganese, e. 

Pj romorphite. Phosphate of Lead. 

Pyrope. Garnet 


Pyrophylfite. ittmmaiogy 

Pyrophysalite, Topax. 4 

Pyrorthite. Silicate of Cerium, Iron, Alumina, and Lime, o, 

PyroBiderite. Oxide of Iron »b 
Pyrosmalito. Pyrodmalite. 

Pyrosmalite. 

Pyroxene. 

Q 

Quartz. Silica. 

Quart/., Hydrous. Silica. 

Quicksilver. Mercury. 

•R. 

Kadiolito. Bergmunnite, 4 
Kapididite. Srapolito. 

Hatofkit. Earthy Plunk* of Lime. 

RazoumofFskiu. Siheious Carbonate of Lime. 

Realgar. Red Sulphuret of Arsenic. 

Retmasphaltum. Carbon, 1). 

Reunite. Pitchstone. *’ 

Renssite. Sulphate of Soda and Magnesia. 

Rhemte. Hydrous Phosphate of Copper. 

Rhetizite, Kyamtc. 

Rhoifium. 

Rhoduchrosite. Carbonate of Manganese. 

Rhodonite. Sdicious Carbonate of Manganese 
Rhutcniuni. 

Riverohte. Nitrate of Soda. 

Riohte. Biselenioiet of Zinc, Ac. 

Rock Salt. Chloride of Sodium 
Kohwaml. Carhouale of Lime and Iron. 

Horn an/,o vite. Garnet. 

Romchto. Sulphuret of Silver and Antimony. 

Rosrlile Arsenmte of Cobalt, b. 

Uothoflite. Garnet. 

Rotten-stone Alumina with S.lica and Carbon. 

Ruliellan. Mica, c. 

Rubelhle. Tom imih lie. 

Ruhinglmuncr. Ihdimis Oxide of Iron 
Ruby. S|iinelle and Comndum 
Rulile Oxide ot Titanium, b. 

Ryakolite Glass} Felspar. 


s. 


Ragenite. Oxide of Titanium. 

S.ibbte 1*\ loxrne 

Sal-ammoniac. Miniate oT Anunoua 

Salt. Conin' m. Mm late of Soda. 

Samdin Felspar. 

Sajipaie. C\ unite 
Sappho c Blue Corundum. 

Sappliinne. 

Sarcohte Analcone. 

Said. Siura. b 
Kmdonyx Quartz. Agate. 

Sasholm Boracic And. 

Satin Spar. Fibrous Arrugmute 
Saualpite. Kpidote. 

Saussunte. Jade. 

Scapohte. 

Scuthroite. Hydrous Silicate of Alumina, o. 
.SchaiUteui. Silicate of Lime. 

Scliererite. Carbon. 1 s ‘Sy 

Schiefler-Hpar. Foliated Carbonate of Lime. ‘ ^ 

Sclnller-spar, 

Seboarite. ■» 

Schorl. Tourmaline. 

Schutziti*. Sulphate of Strontian 
Scolezite. Neediest one, 

Scorza. Granular Kpidote 
He! lute. Carbonate of Silver. 

Selenite. Sulphate of Lime. 

Selenium. 1 

Senieline. Siliceo-calcareoufl Oxide of Titanimii, 
Serpentine. Silicate of Magnetite; «#. 

Severite. * Hydroun Silicate of Alumina, e. 

Shepard it#. Hydrate, of Magnesia, 

Stberite. Ktfd Tourmaline, « 

Sidorite. Blue Quartf. 



INDEX, 


527 


Miner alogy . jjidero-gntphite. Graphite, b t 

Sideroachisolite. Silicate of Iron, b. 

Silicious Spar. Oleavelundite. 

Sillimauite Silicate of Alumina, b . 

Silver, Sti biuret. 

Car'amate. 

Chloride. 

Ionide. 

Native. 

Seleiuuret. * 

Sulphuret. 

Sulpho-telluret. 

Silver Kupfer Gian/.. Sulphuret o f Silver und Copper, 
Sinople Quartz Jawjier* 

Skoriun. Aiuminate of Iron ? 

Skorodide. ArstAncal Iron. • 

Skorza. Granular Epidoto. 

Smaragdite. Amphiboly. 

Smithsonite. Silicate of Zinc. 

Soapstone. Steatite. 

Soda, Borate. 

Carbonate. • 

Muriate. 

Nitrate. 

Sulphate. 

Sodaite. Fettslein ? 

Socialite. 

Soinervillite. 

Somrnite. Nephchne. 

Somoinitc. Conuidutn. 

Sorduwalite. 


Borgnmimde. 

(\irhoqate of Iron. 

Fihtnmt ^'.irtum.ite of Lime. 
Andahisito. . 


Spartahte. Red Ovule nf Zinc. 

Speckstem. .Steatite. 

Specular Iron. ( Ixide of Iron, a. 

Sphmvulite. 

Sphene. Silireo-ralcaieous Oxide of Titanium. 
Sphero-snlente. < '..irlumatc ot lion. 

Sphiagid. Holer* 

Spiuellune. 

Spiucdle. 

Spinellme, and 

Spinthere. Silieeo-caleareous Oxide of Titanium. 
Spodumene. 

Spreiistem 
StuhUletn. 

Stalactite 
Stanzaite. 

Staurolito. 

Stun rot ide. Staurohte, 

Steatite. Silicate of Magnesia, c. 

Steatoid. Serpentine. t 

Steinheilite. Ihchruite. 

. Steiuuuirk. Lit ho marge. 

Stellite. 

Sternbergite. Flexible Silver. Sulplmiet ol* Silver and Iron. 
Stilbite. • * 

Stilpnosidente. 'Hydrous Oxide of Iioix 
Strbmite, Bisdicato*ot Manganese. 

Stromiiite. IiarytiferoiLS Carbonate of Strontian. 

Strontia. Carbuu&te. 

Sulphate. 

Strontiauite. Carbonate of Strontian. 

Stylobat. Geblenite. 

Hui'cm. Amber. 

Succinite. Gramlfar^ellow Garnet. # 

Sulphur. • 

Sulphuric ^inT sulphur b. 

Sumtortttl^welNpar > # 

Surtur brand. \\’ood Cyal. 

Susannite. Sulphnto. tri-carbonate of Lead. 

Swag.t. Borute of Soda. 

Sylvan. Tellurium. | 

( i t . 

A Tabular Spar. Sdicatc of' Y.ime, a * t 
Talc. 

Talc Zographitpie. Green .Earth. 

Taokclite. Phosphate of Yttm. , 

, Tantalite. . 

Tautolite. 

Teleste. Corundum. 


Tellurium. Native. 

Graphic. 

Yellow. 

Block. 

Tennantite. Sulphuret of Copper, Iron, Ac. % % 

Tephroito. Zinc * b. 

Tetraclasife. Scapolito. 

Terra do Siena. Bole? 

Terra Sigillata. Lemnian Earth P 

Terre de Manmarosch. Kartliy Phosphate of Lime* 

Thallite. Kpidote. 

Tharandite. Magnesian Carbonate of Lime. 

Thenarditt*. Anhydrous Sulphate of Soda, ‘ 

Thomsunite. 

Thorite. B 

Thruuhtc. Silicate of Iron, c. 

Thumite. Axiuite. 

Tin, Oxide. 

Sulphuret. 

Tinstone. Oxide of Tin 

Tinder Ore. Antimony. » 

Tinea). Bo rata of So. la. 

Titanium. Oxide 

Tulfaite. Alum Stone. • 

Topaz. 

Topazolite. Yellow Garnet. 

Torbente. Phosphate of Uranium. 

Torrclite. Cerium ? 

^Touchstone. Silica. 

Tourmaline. 

Tmvertino. Sedimentary Carbonate of Lime. 

Trernolito. Am phi hole. 

Trick lasite. Fnhhuute. 

Trq bane. Spodumene. 

Tripoli. Earthy Quurlz. 

Troiia. C.uhouate of Soda, c. 

Tula. Kuciustmg Carbonate of Lime. 

Tungsten. Seheelate «>f Lime. 

Tui key Stone. Novaculite. 

Tir ’’ente, 

Torqumse. Calcitc. 

Ty route. Azurite. * 


u. 

Ullmannite. Phosphate of Manganese und Iron, u. , 
Umber. Oxide of Iron and Manganese, 

Urinate. Phosphate of Uranium. 

Uranium. Oxide. 

Phosphate. 

Sulphate. 


V. 


Vanadium. 

Vargasite. 

Vanolite. Globular Felspar P 
Varvicite. Oxide of Manganese, b, * 
Vauquelinito Chromate ot Lead and Copper 
Velvet Copper. Silicate and Sulphate of Copper. 
Vesuvian. Idocrase. 

Vivianite. Phosphate of Iron, «. 

Volcanic Glass. Obsidian. 

Vonmhte. Azurite. 

Vulcanite. Augite. 

Vulpmite. Anhydrous Sulphate of Lime. 

w. 

• 

Wad. Earthy Oxide of Manganese. 1 

WflBrthite. 

Wagnerite. Phosphate of Magnetite. 

Wallerite. Lenzinite. 

Welmstedite. Carbonate of Iron and Magnesia 
Wandstein. Carbonate of Lime and laon. 
Waveliito. Phosphate of Alumina. 

Webeterite. Sulphate of Alumina, a 
Weinsite. 

Wernerine. 

Wernerite, Scapolite, 

Wiluite, Idocrase. 
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Mineralogy, Withamite, 

' Witherite. Carbonate of Barytes. 

Wolfram. Scheelate of Iron and Manganese. 
Wofkonskoit 

Wollastonite. Silicate of Lime, a. 

Woldyn, Sulphate of Barytes. 


Yttrocerite. Cerium. 

Y ttrotantalite. Tantaiate of Yttrio, Ac. 
Yu. Prehnite ? 


Mineralogy 


z. 


X. 


Xanthite. Idocrase. 
Xantholite. Probably Qarnet. 


y 


Yanolite. Axinite. 

Yellow Earth. 

Yenite. Silicate of Iron and Lime. 
Ytterbite. Gadolinite. 

Yttria. Phosphate. 
f Silicate. 

Tantaiate. 

Titaniate. 


Zala. Borate of Soda. (Thibet.) 

Zmc. Aluminate. 

Carbonate. 

i'ixule. 

Silemure* 

Sulphate. 

Sulpliuret. 

Ziukeuitv. Sulphuret of Antimony aud'Lead 
Zircon. Silicate of Zirconia, 

Zoi cite. 

Zudite. 

Zurlouite. Zurlite. 



GEOLOGY. 




CHAPTER I. . 


PROGRESS ANI) PRINCIPLES OF THE SCIENCE. 


°SY 


Definition* 




Progress of the Science. 

The term Science, as now universally employed, is 
understood to express, not only the body of information 
collected, general laws established, or system recognised 
in any department of human knowledge, but also the ulti- 
mate objects and whole s<%ope of the research. Strictly 
speaking, perhaps, the former is its legitimate meaning. 
Tims the Science of Optics or of Acoustics properly sig- 
nifies the body of methodized information acquired in 
those branches of human study, but is popularly un- 
derstood, by way of anticipation, to include indefinitely 
the expected or possible future accessions of knowledge 
on the. subject. 

It is in conformity with this ordinary language that 
we shall endeavour to give the definition of Geology; 
for though truly none of the Sciences of observation has 
made more remarkable progress toward successful ge- 
neralization than this, yet the prospect of further dis- 
covery is so much richer than the retrospect, and the 
activity and talent employed in the research is so much 
on the increase, that we can hardly offer too bold and 
expanded an expression tor the ultimate aims of (ieo- 
lopy. 

It might provoke a smile to recount the singularly 
contracted notions on tins subject whic h have till lutely 
figured in Works on Geology. The InMoiy of the De- 
luge, the discussion bf the character and repositories of 
minerals, the classification of fossils, the causes and 
effects of volcanos, belong indeed to this comprehen- 
sive subject, but these «uid many more important in- 
quiries, are only particular brunches of the great study 
of Geology. 

One reason of the inadequacy of the definitions 
usually presented, ft. probably not confined in its appli- 
cation to any one of the Science^ of observation. viz. the 
difficulty of foreseeing at the commencement of a new 
study, the direction and extent of its future develope- 
ment. Mathematical Science, founded upon the per- 
vading idea of refative magnitude, may by this compic- 
hensive definition, anticipate all the various determina- 
tions concerning number, mid proportion, and direction, 
which are«(J^y| added to its stores, and which are, in 
fact, the# developements of recognised fundamental 
axioms ; but the Natural Sciences hl0M^ not this ad- 
vantage* ambit is only after they have mode great pro- 
gress, and many detached inferences, drawn from still 
more scattered data, Have been combined into system, 
that the most able cultiVators can clearly discern whereto 
their labours eventumy tend. # 

Guided by these vtews, we shall define Geology qs 
that Science to which it is allotted to investigate the an- 
cient Natural History of the Earth ; to determine by ob- 
servation what phenomena of living beings or»inorganic 
matter were formerly occasioned unm within ftie Globe, 
in what order and under what conditions ; and from 
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comparative data, furnished by investigation of the pfe- 
sent operations of Nature, to infer the general system 
of successive revolutions which the Earth has under- 
gone before arriving at its present state ; and thus, 
finally, to furnish a complete view of the conditions 
which have regulated, and of those which do regulate, its 
system of mechanical, chemical, and vital phenomena. 

From the terms of this definition we ipay at once 
understand why, in former times, the most able men 
erred so grievously in their attempts to elucidate the 
history of our Globe ; for, while Geography v\as imper- 
fectly known, before Commerce and the knowledge of 
* Languages had made us acquainted with the productions 
and traditions of every clime, before the birth of most 
branches of Physical Science, it was impossible to accu- 
mulate the numerous and exact data from which alone 
Geology takes its origin. And since the general truths of 
Geology are made apparent only by the application of 
known laws of Modern Nature, it is evident that, before 
the establishment of those laws, the wisest of the old 
Philosophers had nothing to substitute for enlightened 
tluory but blind and fanciful conjectures. These are 
the reasons why the ancient doctrines concerning the 
World are almost without exception bewildered with the. 
impossible problem of the Creation of Matter, and buried 
m a chaos of subtle inventions. 

Cosmogony, not Geology, is the subject of <rhe olfU tradi- 
tions of Eliamicia, Chaldiea, Egypt, and China; and the 
same incurable fault vitiates the learned system* of 
Epicurus, Aristotle, and Pythagoras. 

It is, however, interesting to observe a considerable 
refinement in the nature of the fictions by which 
those great men attempted to supply the v\ ant of fair 
deductions. The Epicurean doctrine of atorfts, and the 
piimary elements of Aristotle and Pythagoras, are fa- 
vourably contrasted with the Egyptian egg of the World 
and the primeval monsters of Clialdaia. Familiarized with 
Countries in which frequent earthquakes and occasional 
volcanic eruptions necessarily accustomed the mind to a 
contemplation of great revolutions in Nature, we find both 
Aristotle and Pythagoras indulging the ideas of frequent 
ehifiiges in the relative extent of land and sea, and support- 
ing this doctrine by reference to historical facts concerning 
subsidence aiid.elevaiion of land, to the occurrence of ma- 
rine shells far from the sea, and to the ordinary processes 
of Nat ure. But, in this respect, the Geographer Strabo 
appears to have far outstripped all his predecessors ; for 
he distinctly alludes to the various explanations of the 
phenomena of marine remains, proposed by Eratos- 
thenes, Xant]ius,and Strata, and adds his own view of the 
matter, in terms not very different from those employed 
at the present day by the advocates of the gradual eleva- 
tion of onr solid land from the bed of the sea, as may 
be known by consulting the excellent review of Geologi- 
cal opinions given by Mr. Lyell. 

The left centuries of war and commotion which sue* 
4 a 
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Geology, ceeded the destruction of the Western Empire, were 
Ch. I, less favourable to frhe growth of Physical Science than 
even those which had preceded ; and while all the learn- 
ing of the world was shut up in cloisters, and confined 
to one class of Society, we cannot wonder that the grand 
cosmogonies of the Ancients should have dwindled into 
puerile discussions. Learning was in chains, but it was 
nevertheless spread abroad through Christendom, and 
waited but for the extension of Geography and Commerce, 
by the maritime discovery of India and America, to 
emancipated from its thraldom, and for the discovery 
of the Art of Printing to be excited to energy and en- 
thusiasm, by the Physical and Astronomical discoveries 
, of Kepler and Galileo 

It was not, indeed, till the Inductive Philosophy, 
huddiug in Galileo, blossoming in Bacon, and rub with 
fruit in Newton, had been widely disseminated among 
? f mankind, that we were entitled to look for fixed data and 
limited gentmlizatioiia in any branch of Natural Science. 
The diffusion of this mode of philosophizing may be 
« said to have withdrawn the veil of prejudice which had 
previously obscured the visible Creation, and to hu\e 
really getierated the Sciences which treat of the proper- 
ties of Matter and the phenomena of Life. 

Three different classes of phenomena have conducted 
men of observation to a partial acquaintance with the 
stratification of the crust of the Earth. 

Origin of 1. The arrangement of t fie various soils in England. 
Induct wo , 2. The appearances in the mines of Germany. 

(neology, 3 The remains of plants and animals entombed in 
the strata of England, France, and Italy. 

Agricul- The early advancement of Agriculture in a Country so 
tore* populous, and of so diversified an aspect as England, 

necessarily*produced avciy intimate knowledge of diffe- 
rent soils ; and as these depend on the nature of the 
substances beneath, winch i.mge in i eg ular courses, it 
is not surprising that maps of the soil should have been 
early^ropotfed by agriculturists. l)r. Lister, residing in 
Yorkshire, where the ranges of soil are very well de- 
fined, was the first to propose to the Royal Society, in 
1683. a Map of the soils of England. 

“ We shall be better able,” he says, “ to judge of the for- 
mation of the Earth, when we have duly examined it, as 
far as human art can possibly reach, beginning from the 
outside downwards. And for this purpose, it were ad- 
visable that a Soil or Mineral Map, as 1 may call it, 
were devised. The s/>il flight either be colouied by a 
variety of lines or etchings ; but great care must be 
taken very exactly to note on the Map where such and 
such soils are bounded. As for example, in Yorkshire, 
the woods, (wolds.) chalk, flint, and pyrites, Ac. 2. 
lilackivoor , moors, sandstone, Ac. »3. Holder ness, boggy 
turf, clay, sand, &e. 4. IP extern mountains , moors, 

sandstone, coal, ironstone, clay, sand, Ac. Nottingham- 
shire , mostly giavel, pebble, clay, sandstone, hall-plaster, 

• or gypsum, Ac. Now if it were noted how far these 
extended, and the limits of each soil appeared on a Map, 
something more might he comprehended from the whole 
r and from every part, than 1 can possibly foresee, which 
would make such a labour very well Worth the pains. 
For I am of opinion such upper soils, if natural, infallibly 
produce such under minerals, and for the most part in 
such order. But J leave this to the industry of future 
times.” 

/ This scheme was partly executed by the County Re- 
port^ presented to the Board of Agriculture, the earliest 
of which dates from 1704 ; but the investigation being 


usually unconnected wi*li Round views of the interior Geology, 
conformation of the Earth, few of these detached efforts Ch. I. 
led to any important results, Packe, in his Choro^ra- V ^ , v^ 
phical Chart of East Kent , (1748,) has shown what 
admirable general views of the Physical Geography 
and leading rocks of a district may be entertained, 
without that combination of results which leads to 
Geology. 

Miners in every period must have been acquainted Mining, 
with the order of succession of the rocks through which 
they seek the treasures of coal and metal ; mid in a tract 
consisting of alternating coal-seam^, limestones, sand- 
stones, and shales, as at AMsioue Moor, in /. uinberlaao 
the range and extent of the different strata must alwav * 
have been familiar to the workmen. 

There must therefore always have been a Minf.ralo- 
gical School of Geology in every (\nmtry in which 
rich subterranean treasures uttructed the attention of 
mankind. 

Agricola embodied the floating information of the 
miner.* of Saxony, as curly as 1546 ; (Dv Nat ura Fossi- 
lium ;) and the appearance of five complete systems ol 
Mineralogy in Sweden, and three in Germany, between 
1730 and 1762, sufficiently proves the very general in- 
terest in the subject winch prevailed in these great 
mining districts. 

Those Woilcs are principally devoted to a description 
of the most prominent Minerals, and il is only inciden- 
tally that we gain from them proofs of the coiisidciahle, 
though detached information winch the authors really 
possessed concerning the manner in which minerals con- 
stitute, by their assemblage, the cuist of the Earth. 

I ii 1750, however, Tylas, a Swede, and in 1756, Leh- 
mann, a German, broke through the fetters of a mere mi 
neralogical method, and by proving a regular order of su- 
perposition among shat ifu’d rocks, opened tile way tothe 
sagacious generalizations ot Werner and the cautious 
inductions ol Saussure. 

A peculiar set ot opinions conce: mug t tie foimation Weiner 
of the Earth, lias been honoured bv the title of the Wer- 
nerian Theory ; and the pupils *>1 Werner w ho had found 
proof of the truth of hi- practical Ineuences. maybe readily 
pardoned for the determination which they have shown 
to uphold the hypothetical notions ot their master. 

But if we wish to ascertain the real value of t lie benefits 
which the researches of Werner have conferred upon 
Geology, we must forget his Theory, and view' only the * 

data which he collected for its foundation. 

Werner was educated amidst the mines, and in the 
society of the most eminent Mineralogists of Saxony; 
their experience and their opinions became his own, 
and doubtless swayed and directed the energies of his 
mind. To judge from his own WdrksL and from the 
course which his pupils have so long Jvtrsued, the 
principal point of view under which Werner contem- 
plated the rocks and metallic veins of Germany, was 
the relative period of their production. Lehmann had, 
indeed, taken the same courts*, and already distin- 
guished primary anti secondary ocU, 
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the former existing in mountain chains, mostly strati- 
fied at high angles of declination, and devoid of or- 
ganic remains, the latter disposed more horizontally, 
and stored with the reliquin* oflife. But Werner, with 
characteristic tact and boldness, applied this method of 
investigation to every case, and took it as the grand 
basis of bis classification of rocks. 

* r When two veins*(a />) cross, and one of them ( b ) 
cuts through the other, (</,) the one which is divided (//) 
is the more ancient.” 


b 


Among stratified rocks superimposed on one another, 
the lower members ol the scries,* those which lie nearest 
the centre of the Earth, were deposited first, and the 
relative antiquity of the different strata is exactly in the 
order of their position. Thus c is the oldest rock of the 
series, c, d, e , J\ g. 



__ 

"7 

r 

Bv this manner of proceeding in the instance of the 
Hartz Mountains, Werner was enabled to frame a system 
or classification of royks in the order of their respective 
position as far ns could them be ascertained, and con- 
sequently in the order of their consecutive formation. 
Thus the Brocken Mountain was described by Werner 
and bis followers as a central cone of granite, upon 
. which on all sides round were laid various other rocks 
iu a certain and constant order of succession ; as gra- 
nite, chiv-slate, limestone, greywaeke and greywaeke- 
slate, old red sandstone, limestone, gypsums, sandstones 
0 and limestones ; *the upper and newer strata having 
their outgoing, nr terminal edges lower and lower con- 
tinually. 

Werner presumed that this order of succession among 
tffese rocks would be found to prevail in all parts of 
the World, and thus announced a grand principle in the 
construct ign^r tfie Earth which was destined to'lmve 
a most behfficAl effect on Geological theory and ol>~ 
servation^ For, on the one hand, it dissipated the 
chaotic dreams of those who maintained that the whole 
, crust of the hearth was to be viewed as a mass of sedi- 

ment from the waters f>f “ the Deluge ; M and on (lie 
other, exhibited the latMt* important subject of inquiry 
respecting the constmiitiou of the Earth, and fixed a 
precise method of investigating it. 

• # i Extending his views through other parts of Germany, 
Warner completed the following system of successive 
formations, (Jameson.) 

Warner' j The lowest and oldest series of rocks discoverable 

"erickof by examination is supposed to be of crystalline origin, 
urination*. d evo id of organic remains, and to have been ori- 


(iranite. 

Gneiss, 

Micaceous schist us. 
Argillaceous schistus, 
Primitive limestone, 
Primitive trap, 
Serpentine, 


gin ally, as at present, stratified at high angles of in* 
eiination. These arc called by Werfler , 

Primitive Rack** 

Such are : * 

Porphyry, 

Sienite, 

Topaz rock, 

Quartz rock, 

Primitive flmty slate, 

Primitive gypsum, 

Eurite, or whitestone. 4 
A second series of rocks appearing to be ^partly of 
crystalline aud partly of mechanical origin, containing 
some remains of plants and animals, with slopes of 
stratification less remarkable than ihe former, is named 
by Werner, on account of these intermediate characters, 
Transition Rocks. 9 

Transition limestone, Greywaeke, 

Transition trap, Transition flinty flate. 

The third series consists of strata more decidedly of 
mechanical aggregation with abundance of organic 
exuviae, and from the greater frequency of these strata 
jn the flatter regions of the Globe, where their planes of 
stratification are nearly level, they are called 

4 Flcrtz (flat -lying) Rocks. 

1st or old red sandstone. 

1st fluitz limestone. 

1st fleet/ gypsum. 

2d variegated sandstone. • 

2d fleet/ gypsum. 

2d fleet/ limestone, or muschelkalkstein. 

*3(1 sandstone, or quaderaiiidstein. 

3d limestone, or planerkalksteiu. 

Fleet/ trap. 

independent coal formation. 

Newest fleet/ trap. 

Lastly, various sandy and argillaceous strata, imper- 
fectly known to Werner, but since ascertained to contain 
the whole vast series of tertiary strata, are included by 
him under the title of Alluvia! Deposits. 

That this classification is partly erroneous in principle, 
and in all respect 1 ; incomplete and inadequate to the ri- 
gour of modern investigation, is apparent at a first glance, 
hut it obviously contains the essence of all subsequent 
arrangements, viz. a determined leleronce to the anti- 
quity ot the deposit. Werner is, therefore, entitled to 
the distinguished praise ot having established one of the 
most important, general laws yet ascertained respecting 
the structure of the Earth. He has proved that its stra- 
tified rocks are laid one on another in a certain order of 
succession, which is the same, or very similar, over 
largj? parts ot the Earth's surface No one he lore 
Werner was able to perceive in any Country a regular 
system or series of strata, much less to imagine such u 
series to be universal. 

It has been usual, especially in England, to quote a Mitchell, 
variety of persons before the date ot* Warner, to whom 
the honour of first declaring the principles developed 
by the Professor of Freyberg might with more justice 
be ascribed. The uatureofhis obligations to his own Coun- 
trymen has been already sufficiently Muted. Mitchell, 
one of the most talented of the Natural Philosophers of 
England during the middle of the XVIIIth Century, 
who, for a short time, filled the Wood wardian Chair of 
Geology at Cambridge, and afterwards resided in York* 
shire, had certainly made himself acquainted with the 
series of English strata, especially in the Northern 
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Counties, and had even gone no far as to discover 
some of the most important general relations be- 
' tween the Geological structure and the Physical fea- 
tures <of the Globe, defining with a masterly hand 
the mutual dependence of mountain ranges and lines 
of stratified rocks. The merit of Whitehurst, also, both 
as a theorist and as an observer, is very consider- 
able. He states the object of his Work, published in 
J792, to be “ to trace appearances in Nature from 
causes truly existent ; and to inquire after those laws 
Ijy which the Creator chose to form the World; not 
those by which he might have formed it, had he so 
pleased.** Ilia mode of proceeding is exactly in con- 
formity with the first clause of this sentence ; for his 
whole Work is a finely woven web of plausible deduction 
and conjecture, founded on general Physical considera- 
tions* and supported or illustrated by a selection of cor- 
responding facts and observations. This inverse pro- 
cess is ceRainly, in many respects, characteristic of a 
Cabinet Geologist; and yet this volume contains abun- 
dant proof, that its author was both well acquainted 
with u great variety of important data in Geology, and 
possessed of sufficient generalizations to develope their 
value. Wlmt is stated by Whitehurst concerning the 
succession of strata in Derbyshire and other parts, was 
chiefly derived from the miners and colliers, who, 
certainly, for a hundred years before the dawn of sound 
Geology, knew perfectly the almost invariable sequence 
'of strata in their own districts. 

The value of Saussnre’s distinguished services to 
clear (he wav tor legitimate inductions in Geology can- 
not be better expre^cd than in the f dinwing passage 
of Cuvier, wherein he is compared with Werner 

En effet, la parfie purement mini-rale du g rand 
problems de la theorie de la Terre a tie ctudiec (tree un 
soin admirable par ])e Sans sure, el porter chpjns a un 
developpement etonnant par IV truer et par les nom - 
breux et savans it eves quil a formes. 

he premier de ces hornmes e clebres, parcouranf ptni- 
blement pendant vingt annees les cantons les plus mar- 


culous dispute whether the fossil shells were genuine Otology, 
marine exuviae, or mere lusns natura produced by a OKI. 
plastic power or fermenting fatty earth ? and the queft- s 
tion assumed a more difficult character from the addi- 
tion of another, whether, if they were genuine petrifac- 
tions, they were all deposited by the Noachian Deluge? 

In examining both of these points the Italian Philoso- 
phers were by far the most conspicuous, and it is diffi- 
cult to understand how the sound conclusions of Steno 
and Scilla could fail to become the universal creed of 
Geology; yet long after Palissy in France had produced 
unanswerable evidence that fossil 4 shells were the ge- 
nuine ex u vise of ancient marine animals, nten voluntarily 
shut their prejudiced eyes to this most simple of all truths. 

The XVIth Century closed before the expiration of thin 
absurd controversy; but as Truth infallibly gains strength 
by even the most unworthy contests, the strong interest 
attached to the solution of thisf problem spread universally 
among Naturalists the conviction that great discoveries 
concerning the structure of the Earth wt re to be accom- 
plished, and the mode of contemplating its connection 
with Zoology received very capital improvements. 

In England, especially, the superior interest which Progress of 
belonged to the thousands of fossil plants anjl animals, . 

was fully understood by LI w yd, Kay, Lister, Wood- in n ^ an * 
ward, and Moreton ; who by their rich collections, and 
splendid publications, and resolute though unsuccessful 
efforts to deduce the causes which had thus buried and 
preserved imperishable in their everlasting tombs the 
01 ganic remains of a former Woild, undoubtedly kindled 
that ardent spirit of inquiry respecting the structure of 
the Earth, for which the English Philosophers of the 
XV llth Century were so honourably distinguished. 

Nevertheless, the progress of Geology m England 
was still retarded by the fettered condition of other 
Sciences, and by a peculiarly unhappy conjunction of 
Truth and f iction. The correct view - of the original 
nature of “ formed stones, or petriljict ions,'' was coupled 
by Woodward and Ins numerous lollowets with the 
assertion, that all the strata superimposed on one another 


cessibles, attaejuant en quehjue sorte les Alpes par tontes 
l.i ur faces , par ions tevrs defiles, nous a di- voile tout le 
desordre dcs terrains primitifs , et a trace plus nettc- 
ment la Umite qm les distingue dcs terrains seam da ires . 
Le second, projitant des* nomb reuses excavations fettles 
dans le pays qui possSde les plm anciennes mines , a 
fix'e Us lots de succession des couches ; it a mvntrc leur 
anciennete respective , el poursuivi chacitne d* cl leg dans 
tout.es ses metamorphoses. C’est de. lui , et de lui seulr - 


in the crust ot the Earth, with a‘d their included myriads 
of fossil animals and plants, weie deposited by one 
general flood, '' the Deluge !'* This fatal error, the 
stumbling block of the Geologists of the XVJIth Cen- 
tury, lay at the root of the « brilliant hypotheses of 
Burnet, Woodward, ynd Winston; and now, though 
discarded by every sound Geologist, if remains a serious 
impediment to the diffusion of correct general principles. 
One great merit, however, strikingly characterises the. 


men/, (pie datera la Geologic positive, en ce qui noncerne 
t ia 7i at it rale, miner a le des couches : mats ni IVcrner m 

De Sfmssurr n'ont donnr a la determination des expires 
brganiqves fossils dans chaque genre de couche, la 
rigmur devmuv necessaire , depuis que les animaux con - 
nus s'itlivenl d vn n ombre si prodtgievX , 

Inductive Thejgrand fact upon which, in all Ages, Geological 
Geology inquiries have ♦hinged, the occurrence of marine animals 
founded i m ^ rom 8< * tt a,u * deep in the solid bosom of the 

the dW Earth, was so far understood by the Ancients, that they 

nic rell- had ascertained the general agreements of fossil and 

quia. recent marine shells, nor does there appear the least 

trace of doubt oil this subject in their writings. But 
warm discussions arose concerning them among the Na- 
/ turalists of Italy, and at a later period, those of France, 

f England, and Germany, Countries in which those 

exuviae are particularly plentiful and various. 

The XVIth Cenu% was wholly wasted in the rid i- 


early English School of Geology, cyeii in its greatest 
aberrations, a thorough conviction that the orgatiic 
remains entombed in the Earth were tty* surest evidence 
of tlte revolutions which it hail uudergnic. 

In consequence, the whole island wi& flfled with col- Lister, 
lections of fossils, which were compared withViative and 
exotic living species, and almost every Naturalist of note 
from the time of Lister contributed something to the 
stock nt information respecting them. That distin- 
guished man, equally industriepr ami fortunate, and in 
general free fmiv theoretical prejudice, had the glory of 
perceiving and of recording in a jingle instance the prin- 
ciple of mutual dependence between the strata and their*' 
organic remains, which afterwards, generalized and pro- 
mulgated by Smith, became the most important instru- 
ment of Investigation which has ever been presented to 
Geology. 

Speaking of a small species of belemnites, (2?. Li«* 



GEOLOGY 


533 


(iaelofly. tarty which is figured in his Historia Animalium An • 
ChTL glia* he says it is found in all the cliffs as you asgend 
the welds, for above a hundred miles in compass, at 
Speeton, Londesbro’ and Caistor, but always in a red , 
ferruginous earth. This correct and remarkable result is 
a striking* example of the possibility of even holding in 
the hands a brilliant discovery, without knowing its 
value, or taking any steps to ascertain its importance. 

A century later, the perception of the same truth, in 
several instances near Bath, and the demonstration of 
Us applicability to the whole secondary series of the 
Smith. strata of England, eifablcd Mr Smith, by his own un- 
aided etR>rts, U establish the Geology of England on a 
basis from which h can never be shaken ; an accurate 
classification of the stratified rocks, in the order of ‘heir 


relative antiquity, accompanied by Catalogued of their Geology, 
organic contents, and a Map of their ranges on the I. 
surface of the Island in conformity with the section of 
the interior. 

The following Table, taken almost verbatim froift Dr. 

Fitton’s valuable notes on the History of English Geology, 

(Phil, Mag. 183:2,) presents the list of English strata as 
published by Mr. Smith in 1815, and the correspond! ng" 
arrangement at present admitted among Geologists; 
and thus at one view rnay be seen the entire distinctness 
of Mr. Smith’s whole system of classification and method 
of naming, from that of any earlier continental writer^ 
and the almost perfect exactness with which Ifis views 
and names have been adopted by the modern School of 
English and European Geology. 


Smith, 1815. 
Chjmictrr* of nai u- 
rul DiKtnct* funnel No. 
by Group* of Strata, 


1833. 


NaniPHJjf Strata ou Mr. Smith's Map and 
S<*ctious 


Present Names. 


Plains 


Chalk hill*. . , . 


Cht) vales* 


Siontobraah hills <( 


Marl valet* « 


Coal tract . 


ii 


( That bedt above the chalk not notned f ®, d fr ,. B , lwater 9tl4ta 0 ”f th „ Iale of 

by lomUh.j WlirM and Dorsetshire. 

London clay Stra “ ttWe ,he ch “ lk j London clay. 

Clay ur brick earth : I Ph« *k* flay. 

Crag (//m should have been placed J\ it) I Samis above the chalk. 

Sand and light loam T 

Chalk f l T Pl«r. w.th «i"te 1 f Chalk 

\ Lower, without flint* J 1 iLowrr. 

Green sand Cretaceous stratu < Upper green sand. 

Blue marl I Gault. 

] run sand I bower green sand. 

(The li cdlden group not distinguished hg i ) < lay. 

Smith, i 


9 

10 
11 

12 
n 
n 
» i r> 

14) 

17 

1H 

10 

‘JO 

21 

.)*» 

21 

24 

25 

%d 

27 

28 

20 


Portland rock 

Sand 

( laktree, or North- VV ilis clay 

Coral rag and pisolite . 

Sand and sandstone, or calcareous grit 

Dark him*, or (Hunch clay 

Holloway stone 

Corn hr ash 

lbnton sand and sandstone 

Forest marble . . . . . 

r W 

Great oolite . . . . 

Fuller#' earth and rock 

Under oolite 

Sand 

Marlstone 

Jtlutt marl 


Oolite 

strata 


Upper 

oolite. 


Lower 

oolite. 


Mountainous*. 

Jt$ 


( 34 


VVealden j Hastings sands. 

I Pur beck limestone. 

I Portland oolite. 

\ Sand. 

1 Kimmeridge day. 

( Upper calcareous grit. 

Coralline, or Oxford oolite. 

Lower calcareous grit. 

Oxford clay. 

Helloway stone. 

I Cornbrash. , 

Sand and sandstone. 

Forest marble. 

Bradford clay. 

Gteat oolite. 

Fullers' earth and rock. 

Inferior oolite. 

Sand and grit. 

( Upper lias clay. 

Murlstone. • 

Lower lias clay. 

Blue has. 

vvnuouas . White has. • • 

Red marl and gypsum i f Red marl and gypsum. 

Suliierous strata i Red sandstone. 

Magnesian limestone I Magnesian limestone. (Zechstein, &c.) 

Soft mu (Intone Rothetodteliegende. 

Coal districts [ Coal measures. 

Mountain limestone Carboniferous strata l Mountain or carboniferous Umeston* 

Red and dun stone f * I Old red sandstone. 

Various, kdlas or slate Slates, &c. 

Graijite, siemte, and gneisH # . . Granite, &c. • * 


To study tlje monuments of Nature according to the 
principles developed by Mr. Smith ; to ascertain by the 
order of succession and by the organic remains wlia*- 
were the coutempornileinis effects of the natural agents 
employed in the forufUiou of the Earth in all pails of 
0 #lhe World ; is the groat problem jof modem Geology. 

* * By the aid of Zoological and Botanical* researches we 

determine the relative antiquity of every species of fossil 
plant and animal, and assign the relative period during 
t which its existence was continued. Ortho cerates pro- 
ducts, trilobites, and many cri noidea, belong to tti€^ 


older and lower rocks ; certain species of echini and 
shells mark the oolitic olrata ; while others belong to 
the chalk; and a series of plants, corals, shells, and verte- 
bral remains, lies above the chalk, but is not found below. 
Such inferences, drawn from observations in Europe, 
have been found constant even in the New World; 
and if the powerful instrument of research thus placed 
in the hands of the observer, be wielded with the caution 
requisite in questions of analogy, the time is probably 
at hand when the principles disclosed by Mr. Smith a 
researches uear Bath, and illustrated by Cuvier’s ptyto* 

V 


* 
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Geology. Rophiciil description of tiie environs 'of Paris, will he 
, found universally applicable; and the distant slopes of 
the llimalayal) and the Andes, and the shores of Aus- 
tralia and Greenland, will be united in the mind of the 
Geologist who contemplates their coeval stratification. 
llvjA>. We shall here close our short account of the growth 

theses. of Geology into u Science, without being tempted to in- 
dulge in the vain amusement of ridiculing those crude 
and visionary schemes which have too long been known 
by the misapplied title of Theories of the Earth. While 
/he paths of observation, along which alone the fnmi- 
, dations.of the Science are to be sought, were hard and 
difficult, those of hypothesis were easy, flowery, and in- 
viting. The globular figure of our Planet, the inequality 
of its surface, and the occurrence of marine shells in 
mountains far Irom the sea, have been thought suffi- 
cient data for rashness and speculation to construct 
detailed Theories of the Earth, to determine the consti- 
tution of Vis centre, and to describe, as if they had ac- 
tually beheld them, the successive revolutions which it 
f had undergone. 

These unfortunate hypotheses were most numerous and 
discordant during the period when positive Geology had 
made the least progress ; with the advancement ol know- 
ledge they diminished in number and improved in con- 
sistency, and at the present moment, though every 
professed Theory has lost its power of fettering the mind, 
there is a tacit but almost universal agreement in these 
^fundamental principles of structure, and circumstances 
of origin, by which not only every passing Theory must 
be judged, but to winch also all good observations and 
sound inductions must be referred. To dcvelope these 
principles in a settled order, to illustrate by then aid the 
Geological struct uie of the British Isles, and to connect 
>jL the Geology of Britain with that of Europe and the 
# * 4 terraqueous Globe at large, and thus to rise by a legi- 
^tiinate process to the most comprehensive inferences 
whith the 'subject admits ot, is the aim of the following 
pages. 

We shall not, at the outset of our inquiry, prejudge the 
important questions winch will arise for discussion, by 
deciding between Huttoniau and Wernerian, or any other 
hypotheses; but allowing to their ingenious authors the 
merit ol having really promoted Geology by stimulating 
curiosity and by directing inquiry ,vve shall for the present 
neglect them altogether, except so lur as they may assist 
us to read well and ^interpret aright the rich and impar- 
tial volume of Nature. 

Modern But though Geology wdl not again own a master, its 

cultivators cun never cease to be grateful to their ancient 
leaders ; and many names connected with the general 
progress of English Geology in recent times, here de- 
mand the warmest expression of gratitude. The English 
system of geology, based on the extensive lahoms of 
Smith, has been fully illustrated in Greenougli’s Geolo - 
« gicalMap , Buckland’s Rrfnjuicr Difuviante, and Couy- 

beare’tf Genially of England and Wales, a Work cer- 
tainly not yet surpassed in merit, nor soon to be excelled 
v * unless by the continuation of it, which is anxiously 
expected, from the combined labours of Cony ben re and 
Sedgwick. Scotland bus been surveyed by Jameson 
and Me Culloch, amply described by Boue, and put in 
relation with English Geology by. the eminent re- 
searches on secondary rocks of Sedgwick and Mur- 
/ chison. Nearly the whole of Ireland has been ably 
treated by Weaver. The mineral condition of the Bri- 
tish Islands has been to a great extent developed by 


Sowerby, and the history of British fossil plants is in Geology, 
the hands of Dudley and Hutton. If from these com- Ch* 1- 
prehensive Works we should puss to those more local 
and definite discoveries which are the ultimate strong- 
holds of the Science, many pages would not suffice to 
hold the praise so justly ascribed to De la Beetle, 

Farey, Horner, Lonsdale, Lvcll, Mnutell, Miller, Web- 
ster, and other eminent mune»«which will appear in 
the following descriptions. To the Geological Society 
of London, established in 1807, as a Body, belongs 
the high and enviable praise of unwearied and exciting 
activity, sound preference of permanent facts to tran- 
sient Theories, invincible liberality of sentiment, and 
prophetic anticipation of that glorious expansion of the 
Science, which now claims for it the countenance and 
the active cooperation of every person interested in the 
interpretation of Nature, or concerned in the increase of 
the national we.ihh. Fina'dy, there is yel a tribute 
to be offered to out* whose ear is now dead to grateful 
praise, the man whose genius restored the vanished 
forms of Nature, anti united the Zoology of all Ages of 
t he World. W hat monument cun be required for Cuvier, 
so long as the woihUm IuI works of Creation claim the 
admiration of mankind 't 

Materials in the Earth . 

The first question which presents itself to the in- Mean den- 
quirer into the Natural Histoiy of the Earth is, what are s, />' the 
l he materials employed in its construction ? To answer 
this question fully , and in all its extent, is now, and 
will, probably, forever remain impossible, because with 
lesjn ct to the interior of the Globe we can leani nothing 
from direct observation, nor infer from Astronomical 
reseat ches any thing more than that the materials, 
whatever they uie which compose the nio»e central 
parts, must have there a Specdk- G r; v it \ , very much 
greater than that of the rocks ninth appear near the 
surface. The mean density of all tlio piedommating 
rock** hitheito discovered is about twice and a half that 
of water; but the mean deusitv of the w hole terraqueous 
muss is four and a half tunes,' or perhaps five times that 
of water* We may, theiefore, safe ly conclude that the 
central portions are much heavier than the external 
crust ; but beyond ibis all is speculation. 

It must not bo concluded that because in the central Specific 
ports the materials, whatever they are, have a Specific * 

Gravity greater than those near the smface, they would ^ j 
also remain hcuvier if brought to the surface, for the 
compressibility of Matter under pressure would neces- 
sarily tend to the condensation of the internal nuclei!*/ of 
the Earth, and that in so high a degree, it the internal 
substances be ol the same compressibility as those in the 
crust of the Earth, as to make the mea iSwciisiiy of our 
Planet very much higher than q is known tob^ Putting 
out of view the question of the Chemical relations of the 
internal substances of the Globe, and confining ourselves 
to Mechanical considerations alone, we should have, ns 
conclusions of the greatest probability which the subject 
admits of: — * 

First, that the superior denspy of the internal parts 
of the Globe is occasioned by the accumulated pressure^ \ 
which they haVe to sustain. ' * 

Secondly, that the effects of this pressure in con- 
deusingethe internal parts of the Globe would be far 
more considerable than they are, were they not resisted » 
wi'hin bv some general antagonist force ; such as the 
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Geology. expansive power of heat, or an extraordinary want of 
Ch. L compressibility among the particular substances ope- 
rated on. 

Thirdly, That the Earth’s spheroidal figure has been 
attained in consequence of its buying formerly been en- 
tirely fluid, during rotation on its axis, and is pre- 
served because the internal arrangement of its materials, 
whether solid or fluid, is in equilibrio with the velocity 
of its rotatory movement. 

Limitation It cannot be too often nor too early impressed upon 
of inquiry* the mind of the student that Geology has no connexion 
w*ith systems of Cosmogony. It is wholly a Science of 
observation and inferences, and limited to the pheno- 
mena presented within a smalf depth from the surface 
of the Earth. The regular disposition of the materials 
of our Planet does indeed permit us, in many cases, to 
infer, with the highest probability, what is the condition 
of its interior to a depth farjboyond that actually visible 
to human eye ; but still all the aids of inductive Science 
are ineffectual to penetrate more than a few miles below 
the soil. It may, indeed, be the case, since the l^»vel 
from which volcanos arise is uncertain, that the materials 
which they vomit have been derived from greater depths, 
but the great improbability that thVe materials, alter un- 
dergoing tusioii, should he restored to their original con- 
dition, must make us hesitate to adopt volcanic products 
as evidence of the exact nature of the substances in the 
interior of the Earth. Our observations are, therefore, 
nearly confined to what is technically called the (’rust 
of the Enith, and our legitimate inferences descend no 
lower than the rocks which appear m this crust. 

Junky There is hardly any 1 1 act ot country so limited as not 

tvmpoiimls. to show a considerable diversity of earthy aggregates. 

Even in those districts which possess neither quarries, 
nor mines, nor cliffs, nor natural valleys, the surface of 
the land and the shores of the sea are generally strewed 
with fragments of different stones transported by some 
ancient powerful currents from regions in which future 
is more prolific, or more clearly reveals her treasures. 

In the more level ('outlines the principal varieties of 
the earthy compounds or aggregates are included in 
the terms limestone, sandstone, and clay, of different 
colours, hardness, and fineness of grain. Each of these 
„ -great divisions of rocks contains essentially a peculiar 
species of earth which imparts to the mas* a particular 
derivative character. « Thus, 

Limk is the base ol limestone, 

Silica * of sandstone, 

. Alumijme of clays. 

Magnesia is an essential ingredient in certain 
limestones. 

Carbon is the characteristic element of coal, 
Soda . 4 ot salt. 

If we ncyy \Jatn our attention to the mountainous 
tracts, wtasre crystallized minerals present themselves 
in an emltess variety of combination ; we shall, per- 
haps, lie led Jo expect a corresponding abundance of 
primitive substances. But Chemistry has taught us 
that all this seeming inexhaustible variety is occa- 
sioned by a few earths{ metals, and combustibles, and 
some of these are sol rare, and even .solitary in their 
Recurrence, as to be of\jittle importance in this inquiry, 
i ** far the greater number of earthy minerals are com- 

posed of the same tour substances, as limestones, sand- 
stones, and clays, variously combined with alkalies and 
acids, and differently coloured by metallic oxfdes, &t\ 

* A good general knowledge of silicicus, aluminous, cal- 


careous, and magnesian minerals and rocks, is therefore ifaJogy* 
the portion of Mineralogy most essential to a Geologist Gh. I. 

All the various aerial, liquid, and solid compounds 
which belong to this Globe are reducible to about fifty- 
four ingredients, which are termed simple or prim i rive, *' 

because, in the present state of Chemical Science, they 
uppear incapable of further decomposition. Of these 

Forty-three are metallic bodies , brilliant, electropo- 
sitive, and, adth the exception of potassium and sodium, 
heavier than water. 


Of these thirteen 

produce, by union with oxygen, the 

Earth and alkalies,- 

— 


Aliitriinum, 

Silicium, 

Yttrium, 

Glucinium, 

Thorinium, 

Calcium, 

Magnesium, 

Zirconium, 

Strontium 

Barium, Lithium, Sodium, 

Potassium. 

Five decompose water at a red heat, — 


Manganese, Zinc, Iron, Tin, 

Cad mi urn* 

Twenty-four do not decompose w'ater at 

any haut. The 

more oxidable are, 

1 

Arsenic, 

Antimony, 

Copper, 

Molybdena, 

Uranium, 

Tellurium, 

Chrome, 

Cerium, 

Nickel, 

* Vanadium, 

Cohalt, 

Lead, 

Tungsten, 

Titanium, 

Mercury, 

Columbium, 

Bismuth, 

Osmium. 

The less oxidable,— 

- 


Silver, 

Rhodium, 

Gold* 

Palladium, 

Plat i num, 

Iridium, 

Fight no n -metallic combustibles , — 


Sulphur, 

Iodine, 

Carbon, 

Phosphorus, 

B romiues, 

Fluor me ? 

Sdenuim, 

Boron,. 


Four gases , — 



II ydrogen, 

Oxygen, Azote, 

Chlorine. 

Every substance 

in this list is found 

in the mineral 

kingdom ; and while the Chemist examine** them sepa- 

rately in his closet, the Mineralogist studies their combi- 

nations in the field. 



It may, perhaps. 

be imagined that innumerable com- 


bmations are derived from these Ally four primary ingre- 
dients. But ns many of them are excessively rare, ns 
the remainder combine only upon certain principles, the 
number of mineral species really determined is, in fact, 
very small, perhaps haidly exceeding 300. Nor is the 
Geologist always called upon to hiake himself acquainted 
w'lth all even of this moderate number. Euless his 
labours are devoted to the detailed* phenomena of vol ■ 
canic productions, or of mineral veins, he will seldom 
have occasion to observe more than one-tenth of the 
number. The reason of this is that a large portion con- 
sists of rare and local species, and that in combining to 
form, rocks, the others are associated in families* and 
united into specific compounds without much per- 
mutation. Thus quartz, felspar, hornblencjf, chlqfitc. 
and mica, frequently occur together in granitic rocks 
hut other minerals, as calcareous spar, &e scarcely ever 
accompany them. In consequence, thereof the 'rarity 
of many minerals, and the uniformity of the assemblage 
of others, there is really much less difficulty than might 
be expected in recognising and discriminating the rocks. 
To class and to describe them is difficult, to compare and 
to know them is easy. 

Supposing, then, that the student has already made 
himself acquainted with the inure common and remark- 
able rocks, as limestone* sandstone, and clay, various 
kinds of slates, basaltic, porphyritie, and granitic rock*. 
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Gaolojry. we shall now proceed to inquire in what manner they 
Ch.I. are arranged in the Earth. 

Stratification . 

« 

The best way of prosecuting this inquiry, is to begin 
at home, where precise information can be most easily 
acquired ; next to compare our own with neighbouring 
districts; and, finally, extending our vjetysV over the 
whole surface of the Globe, to class the phehoin^na, and 
deduce the geireral results. 

f It might be very excusable before Countries were 
cleared* and cultivated, and before their various mineral 
the^irt'ace productions were employed and understood, to imagine 
that the materials of the Earth were heaped together in 
confusion, the result o« a chaotic formation ; but at 
present, such a notion will not stand the test of u mo- 
mefit’s reflection. One district has chalk beneath the 
surface, another limestone, a third coal, and a fourth 
granite, ited these are never mixed or confounded toge- 
ther ; so that the most careless observer must conclude 
that the different rocks are arranged alter some ascer- 
tainable method. These different rocks are not mere 
insulated patches irregularly scattered through tlv~ 
country, but generally connected on the surface in long 
ranges, which in all the Eastern half of England have 
their prevailing direction from North-East to South- 
West. Thus t lie chalk of the Yorkshire Wolds is pro- 
longed (see the Map of the British Isles) through Lin- 
colnshire, Norfolk, Suffolk, Bedfordshire, Wiltshire, 
Dorsetshire, &c ; the oolitic limestones range through 
Lincolnshire, Northamptonshire, Gloucestershire, and 
Somersetshire; and many other limestones and sand- 
stones hold a parallel direction. Hence it happens, in 
proceeding from Loudon toward the South-West, West, 
or North-West of England, we cross so great a variety 
o f rocks, and so many ranges of hills. 

A person proceeds from London to North-Wales. 
AfteY passing low, gravelly plains in the drainage of the 
Thames, he climbs, by a long slope, the chalk-hills of 
Oxfordshire; crosses vales of clay and sandstone ; as- 
cends a range of oolitic limestone ; traverses wide plains 
of blue and red marl ; arrives in districts where coal, 
iron, and limestone abound ; arid, finally, sees Snowdon 
composed of slate. And if, in proceeding from London 
to the Cumberland Lakes, he finds the same succession of 
gravelly plains, chalk hills, clay vales, oolitic limestone 
ranges, blue and red « clays, coal, iron, and limestone 
tracts, succeeded by the slate rocks, winch compose the 
well-known summit of Skiddaw, will he not conclude 
that something beyond mere chance has brought toge- 
ther these rocks in such admirable harmony ? Will he 
not have reason to conjecture that in the interior id the 
•Earth regularity of structure must prevail ? 

This conjecture becomes certainty when we explore 
the relative position of rocks as it is displayed in wells, 
pits, quarries, and mines, the works of human industry. 
Or laid* bare iivchffs and ravines by the hand of Nature. 
Here we see the rocks formed in layers or tabular masses 
of various thickness, but alwuys of very great superficial 
breadth or extent and placed upon one another like the 
leaves of a book. These layers are called Strata. Along 
the edges of hills, in the course of precipitous valleys, 
and by the margin of the sea, it not only is not. difficult 
to recognise this truth, but it is almost impossible to 
avoid perceiving it. 

Many parts of the English coast present what is 
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termed a natural section of the rocks, and accordingly 
whoever visits the shores of Northumberland, York- 
shire, Kent, Hampshire, Cornwall, South-Wales, or 
Cumberland, may easily satisfy himself of the Blratifi* 
cation of most of the limestones, sandstones, clays, and 
slates of England. For most of the cliffs are composed 
of several (list met layers of rock, which are piled one 
upon another in a regular order, preserve a definite thick- 
ness, and appear under the same circumstances in many 
distant places. In the interior of the country the same 
conclusion is to be drawn from examining precipitous 
hills and deep valleys ; and even in the flattest country, 
Art supplies the means oj investigation wjhich Nature has 
denied. The wells, and pits, und mines, which have 
been found necessary for the comfort of civilized Man, 
all display the same general truth, and lead us to con- 
clude that the principle of stratification among rocks is 
confined to no particular Country ; but whether in the New 
or the Old World, in Continents or in Islands, it is so re- 
markable and so constant, that colliers sink deep pits, and 
inujers under take extensive levels, in full confidence 
that no exception to its generality will affect the result 
of their euterpi iscs. Jit is not a speculative truth, but a 
practical law of Nature, and is probably the fact of most 
extensive influence in the whole Theory of Geology. 

So many important facts respecting stratified rocks 
flow in together upon the observing mind, that it is not 
easy to analyze them in the exact order of their occur- 
rence. A person attentive to the subject cannot fail to 
discover, even in a very limited district, that the different 
strata which appear ubo\e one another, like the leaves 
of a book, are also, like them, arranged in a certain 
constant order of succession. A stratum which in any 
one situation is found beneath another will never, in 
any oilier situation, he found above it. 

As a bookbinder sometimes neglects to bind in a par- 
ticular leaf, so Nature sometimes omits a particular 
rock ; but she never misplaces the rocks as the careless 
workman sometimes misplaces life pages. Let us take, 
as an example, the cliffs on the coast of Yorkshire, be- 
tween Flamborough Head and Ilobinhood's Bay, 
Gristhorp Cliffs ure crowned by calcareous sandstone 
rocks, which rest on u t hick, bluish, argillaceous bed; 
under tins is a brown, ferruginous sandstone, and, still 
lower, a thin, calcareous layer full of fossil shells. In 
Scarborough Castle Hill, the same 1 calcareous sandstone, 
argillaceous bed, broCvn ferruginous wock.and fossil lied, 
occur ui the very same order of succession. Or let us 
station ourselves at Leeds, and examine the coal pits of 
the neighbourhood, no* ice how many seams of coal ure 
cut through, and what beds of sandstone ami shale, t.nd 
what layers of ironstone are met with. Then, inquiring 
of Uic workmen, we shall learn that tte same “ set of 
beds” is wrought at, another pit. jf.fktltis other pit 
we shall find the same beds of coal in the sa^ne order of 
succession, at nearly the same distances from one another, 
and of nearly the same qualities and thicknesses ; and 
this strict analogy will be found at several pits over a 
considerable extent of grouniL and, therefore, here, as 
well as on the coast, we obtair (proof that in a limited 
district the strata are arrangji with respect to one 
another in a certain constant order of succession* \ 

Pursuing bur investigation, we find that the strata 
are generally so disposed that their planes or broad sur- 
faces aitf not exactly level or parallel to the Earth’s 
spherical Surface* but sloping in some one direction, so 
as, in that direction, to sink deeper and still deeper 
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Geology, into the Earth, and to he covered by other strata. This 
Ch. L slope, this deviation from the horizontal position, is 
‘ called the dip or declination of the strata; and t he 
rocks are accordingly said to dip or decline to t*his or 
that part of the horizon. The different rocks which 
compose the interior to a considerable depth are, there- 
fore, in consequence of this declination, exhibited in 
succession on the surface, and hence it is that mankind 
is furnished with a vast variety of mineral productions 
suitable to its numerous necessities. 

Continuity , Any one thus fur initiated in Geology, and possessed 
jf ,>traty. 0 f common powers of observation, will he able to com- 
pose a list ortscale of the strata winch occur in his 
own neighbourhood, naming them in the exact order of 
their sua ession or superposition, and thus will be I'm nished 
with the means of comparing his own district with 
others near and distant. The results of this comparison 
are very important, for welhus learn that one general 
order of succession is observed among all the stratified 
rocks of England Certain strata me locally deficient, 
but all those which do occm together arc found iliva- 
rinbly in 1 lie same relative position. The series of stra- 
tified rocks in the North of England, taken in a general 
way, is expressed by the following names: chalk, gault, 
Kminieridge clay, coralline oolite ami calcareous grit, 
Oxford day and Hackness rock, cornhindt and Bath 
oolite rocks, lias shales, red mail and sandstone, mag- 
nesian limestone, coal system, mountain limestone, 
slate. Tne series in the Soudieru parts of England is 
precisely accordant, except that the magnesian limestone 
is there nearly ddicient, and that the Kimmeidge clay 
is covered bv some strata, which do not p^s the river 
Humber. Besides, we find the strata of the North of 
England actually connected by mutual extension with 
those of the same names in the South of England, so 
that we thus prow then continuity oner large tracts, as 
well as the constancy of the order of their succession. 

By means of theVe ^comparative observations, begun 
by Mr. Smith in 1790. and continued with unabated 
zeal by his numerous disciples, the whole senes of Eng- 
lish stratified rocks has been ascertained, and arranged 
in tabular order ; and the Geologists of England have, 
in consequence, furnished to the rest of the world a 
standard of comparison, by which to determine how far 
the laws of stratification disclosed in this island aie 
applicable to oilier Countries. * 

MiaiittiM. Considerable lalAmrs remain to be accomplished be- 
,,m a fore even the stratified rocks of Europe can be com- 

U j!ic pletelv compared with those of England, and the want 

of evidence is still more severely fell with respect to 
the* three other quarters of t lie Globe. Nevertheless, 
the following important general results may be regarded 
ascertain. Thw principle of stratification is ibuifll to 
be unicersaf C to say, in every Country of suffi- 
cient extend various roekaare found to be superimposed 
oil one another in $ certain settled order of succes- 
sion, ami these * rocks are not found only hi insulated 
patches, hut oilen hold their course across Provinces ami 
kingdoms. » | 

Throughout the wlmle area of Europe, from the 
Oural mountains ip thX Atlantic, and from Lapland to 
lie Mediterranean, the stratified masses pf the Earth, 
taken in their generalities, are arranged upon the same 
principles, follow one andther in the same exact order of 
auccession, and, in fact* form parts of one vast* system 
• of rocks, once more perfectly connected than at present. 
What is known of the Geology of North Africu 


Egypt, Syria, the Countries bordering on ’the Caspian, Geology 
Siberia, and Hindustan, leads to a confident belief Ch. 1. 
that the same general system, modified by local circnm- '* m *v m **' 
stances, will be found applicable to the greater portion 
of the surface of the Old Continent. 

Important agreements between the strata of North Analogy of 
America anjl New Holland and those of Europe, have distant tie- 
been alrga^dctermined, and the time will probably at 
Iasi nr^iv^Vwnen, if it cannot be proved, as Werner per- p 
haps ihlagined, that similar rocks were xit the same time 
deposited in every part of the bed of tiie undent sea, aj 
least it will be possible to show that the same system of 
natural processes was every where in progress, contem- 
poraneously or successively producing analogous effects ; 
and to ascertain the relative antiquity and accompanying 
circumstances of even the most distant deposits ; and 
thus to exhibit, in chronological order, a history of all 
the varied yet harmonious operations, by which, in 
regular gradation, this Globe was filled viith long- 
enduring monuments o' the everlasting power and wis- 
dom of its Creator, and made fit. to be inhabited by a 
Being capable of interpreting- the conditional effects, re- 
cognising the appointed agency, and vciiciuting the 
universal Cause. 

Distinction of Stratified and (Jnstratfud Mock* 

Stratification is, therefore, (he most geucial condition. Heluti ve »» 
or mode of arrangement ol the locks which appear in^ uatlu ‘ 1, 
the ci list ot the Earth; and in the wide plains and « 

gently undulated portions of the surface, it is often the 
only one dis. overable. A pet non of good discernment, 
who should pass his whole life in investigating the 
South-Eastern part of England, or the Northern part 
of France, might conclude, from every observation 
he could tbeie make, that the external materials of the 
Earth were universally stratified. 

On the other hand, the inhabitant of the momifuiiis 
‘-ees so many CAuntpIes of granitic rocks, totally devoid 
of any appearance of st ratification, and sometimes finds 
that structure m the slate rocks so dubious and incon- 
clusive, that he is wholly unable to comprehend the 
magnificent chain of inductions deiived from the study 
of stratified locks. I'listratified rocks generally abound 
along mountain chains and gmups, and very olten form 
their axis oi nucleus Stratified rocks fill the plains, 
and form the encircling Hanks oi # thi* mountains. When 
a \a*-t mass of imstratified rock, us giuuite, forms the 
nucleus of a mountain group, the stratified materials 
which smround it, generally slope away on all sides, 
as il the granite had been protruded from below the-c , 

‘•tratij, ami, during the act of its uplifting, hml broken 
them, and caused them to assume their several inclina- 
tions. Other uustralified rocks, as basalt and pnr)fayry, 
appear amongst* the stratified rocks, sometimes in irre- 
gularly lenticular masses, as if they hud been spread 
in a melted state around a common cenjre, sometimes 
filling long vertical fissures in the stratu, ^is if they had t 
been injected from below. * 

On comparing together the stiatified and imstratified Mineral 
rocks, we find their mineralogical composition extremely ehanoteri 
different. The stratified rinks are earthy aggregates, 
as sandstones, clays, or simple Chemical precipitates, as 
limestone ; such materials, in fact, us we know to be ^ 
accumulated iti the same mode ol arrangement by 
modern witters* 

The nnstratifird rocks, on the other hand, are gene- 
A K 
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Geology. rally and evidently crystallized masses, often analogous 
Ch.lt. Volcanic 'products, or compounds containing esseu- 
^ a ]|y rnineraln which are not known to be producible 
from' water, but in several instances are obtainable by 
artificial heat, or generated in the deep furnaces of 
which volcanic mountains are the vents. 

Stratified rocks have evidently been deposited suc- 
cessively from above ; the lowest first, the; uppermost 
lust, in obedience to the laws of Gravity. 

(Justratified crocks, on the other hand, seem to be 
derived from the depths of the Earth, and to have been 
ejected .or uplifted from below the strata, as volcanic 
matter is protruded at the present day. 

Cunti'iifs. Stratified rocks contain very generally the remains of 
the plants and animals which were in existence at the 
period of their formation, exactly as remains of the 
present races of plants and animals are found buried in 
the modern deposits of water. 

But uitfstratificd rocks contain no such evidences of 
watery origin or mechanical aggregation. 

Ougin. Bv all the^e characters, separately and comparatively 
considered, the two great divisions of materials which 
compose the external parts of our Globe, are proved to 
have been produced by entirely opposite causes. Stra- 
tified rocks are analogous to the modern Products 
of Water, and are therefore called Neptunian, while 
lns tkatifi kd rocks are analogous to the modern 
products of subterraneous fire, and receive the 
* names of Plutonic and Volcanic, according to the de- 
gree and circumstances of this analogy 
Mode <>f The distinction now insisted upon, between the Nep- 
Ionian and Plutonic formations, between stratified and 
crystallized rocks, is of the highest importance, and de- 
serves the firs - 1 notice, even on the very opening ot the 
subject of Geology. For not only are these different 
classes of rocks distinguished by mosi important general 
characters but even the methods by which they are to he 
investigated, and the prelimmuty Knowledge recpiiied tor 
this purpose are entirely distinct. Amongst the stra- 
tified rocks a knowledge of Zoology and Botany is 
required to develope I lie past history of innumerable 
remain 41 of plants and animals, which were buried ui 
successive periods, on the contrary, ainnn» the moun- 
tains associated with granite, wheie minerals of every 
hue and form appear 4 in every different combination, 
scientific Mineralogy is ol much highci importance. 

Ju consequence Geology divides itself into two 
branches, one of which links itself who the Natural His- 
tory of modern plants and animals ; and the other with 
Chemistry and Mathematics. And we have now, and 
have always had two distinct groups of Geologies, 
wlm-se pi ogress and discoveries have been as dilfeirut as 
. the preliminary knowledge which theii dillcreut sphm*s 
of reseat eh required. 

A Geologist ot adequate attainments mud indeed Iks 
supposed acquainted, at least generally, with both 
branches of this magnificent subject, and therefore a per- 
son entirely ignorant, either of Minemlogy. 011 the one 
■ band, or of Zoology uml Botany on the other, must be 
considered as only Imlf-tducated. He may, indeed, be a 
very useful local observer, but be must be further in- 
structed in his Science before In* can be sent to explore 
an unknown region, or permitted to give an opinion 
on the whole Theory of Geology. 

As much knowledge, therefore, as can be easily gained 
of the minerals which enter most frequently into the com- 
it) position of rocks did veins *md of the Natural History of 


(lie plants and animals whose remains lie buried in the 
strata, is absolutely necessary to every processed Geo- Ok I. 
logist. Yet 011 this account the student ought by no 
means to lie discouraged; for this preliminary know- 
ledge will be quickly, though insensibly, acquired by 
an intelligent observer, in exact proportion to his need 
of it. In a level country composed of limestone, sandstone, 
and clay, the multitudes ot organic remains which conti- 
nually meet his eye will infallibly procure him the 
power of discriminating their specific forms ; and among 
the mountains associated with crystalline granite, the 
endless repetition of the objects will generate a Mine- 
ral ogical tact in the eye, and u Mechanical if not Mathe- 
matical notion of the structure of crystals. * 

The summary observations whicii will be introduced 
in this Treatise on the preliminary Sciences of Zoology, 

Botany, sme! Mineralogy, will be placed with those divi- 
sions of the subject to w hit h they respectively belong, 
and where they will be the most intelligible as well as 
(he most iinoIuI. 


On Stratification in general. 

Strata , foyers, and b*'ds, are synonymous terms. Strata, ihv 
“ Strata,” says Professor Playfair, “ can only be formed f ! ,rm lll ‘* 
by seams which are parallel throughout the entire mass.*' ,1um1 ' 
Tins definition, founded upon the supposition that loose 
materials deposited under water must he unanged in 
layers parallel to the surface of the wain, undoubtedly 
contains the general or fundamental ideaol M ratification, 
but is ofitMi too abstract for practice. The most innuik- 
ably regular and parallel seams or divisions between the 
strata happen 111 calcareous and uigillaceous rocks; hut 
the pat tings in sandstone are tmuli less uniform. \ 
particular shelly bed of stone lies at the top of the coral- 
line oolite of Y 01 kshire, and may be traced lor a great 
di** mice ; « red band, long since noticed bs faster, lies 
at l.ie base ol the chalk of \ oil. shire and Lincolnshire 
lb. v i\lv miles in compass ; the cndnlsash limestone, 
seldom more than ten feet in thickness, is continuous 
from Horsclsliue nearly to the Humhei. In these in- 
stances, thercloie, Playfair’s definition applies very well j. 
tm the control y, the beds of . audstonc with coal winch 
are interposed in the oolitic system of Yorkshire, are 
altogether feet thick near Robin Hood’s Bay, but 
dwindle toward the South, and aie entirely deficient 
beloie reaching the Derwent. 


Such beds are tlnnvfore wedge-shaped -i „.. 


and cases sometimes occur wheic. by attcmiauon in ail 
directions fiom the centre, they hceoim lenticular. See 
]>1 i. fig 1 . for the*'«* and other appeaiunces. 

'Du* strata, therefore, are not all coextensive. Li pie- Intetpowd 
stones are probably the mosi persistent and regular, strft ta. 
sandstones the most limited and lot Local or inter- 
2>oscd beds cause the principal dillertp^ between dis- 
tant poi turns of the same formation. 

The hai of England rests immediately upon reel and 
bluish marly clays with white gypsum :*«t Luxemburg, 
they aie separated by a thick sandstone. In the North 
of England, magnesian limestone separates the coal 
from the upper red sandstone/ but. in other parts of the 
Island these ttvo formations lyfe in contact. In the 
breast of Ingleboroiigh, the limestone beds are uggrfy* 
gated into ofie vast mural precipice or »car;^but us we J 
proceed Northwards this mass, opens to admit layer# of 
saudatQtte, shale, and coal, which gradually increase 
under t’roSftfell, and swell out Ip a vast thickness in t 
Northumberland, sons 10 contain several valuable hettijns 
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of coal, thick rocks of sandstone, and abundance of shale, 
_| | j between the horizontally separated beds of limestone. 

The oolitic strata near Bath are composed of two 
portions, the upper or great oolite and the lower oolite, 
and between them is a scries of calcareous and argil- 
laceous beds called fullers* earth beds, sometimes 150 
feet thick. As we proceed Northward into Lincoln- 
shire, the fullers* eajth beds are excluded from the 
series; still further North tin* whole series is changed ; 
so that in Yorkshire it includes thick layers of sand- 
stone, shale, and coal. On a first, view the districts of 
Ifrath anti Yorkshire* are very unlike, hut the contem- 
poraneity of t^eir disposition certain Irom the continu- 
ation of the same oolitic beds through both of them, 
eaa The thickness of the beds or strata varies exceedingly 
and seems to have reference to the rapidity, regularity, 
and continuity of the deposiiion ami the rate of drying 
or consolidation of the maVrinls. 

The chalk rock is about 500 feet thick, and in all 
this grpat mass we can scarcely tiaee anv decided beds; 
though the la uts of flint at equal distances, (foui in ^jght 
feet,) and the difference of the organic remains ut difleieut 
depths, evidently piove a mjci csdon of stratified deposits. 

The great oolite near Bath is on the contrary divided 
into a vntaiu member ol beds, definite in quality, 
v thickness, and order ol position. 

A ceitam stratified rock, therefore, is composed ofoncor 
more layers or strata, but this is bv no means the last term 
of the analysis. Each bed is k otteii composed of many 
InmmaMvhich are sometimes parallel to the plane of the 
bed itself, and sometimes be in it at different angles. 
Thus micaceous Uuimic'ed sandstones, and in particular 
the best flagstones of the coal districts, are composed of 
a multitude of Inin layeis parallel to the plane of the 
bed, and entirely covered by plates of mica which pro- 
bably cause the splitting ol the stone. Tins appearance 
is vety analogous to the laminated sand quietly leit bv 
the successive floods oi a river. 

But the courser flagstones of the same coal districts 
are often composed of Uurimtc, laid at various angles to 
the plane of the bed, and in consequence producing a 
rough, uneven, shutters , sui lace, and a tendency to 
oblique fractures ; thus, m pi. i tig. *L a represents tilt 
. * regular, and b the coarse irregular flagstones. 

Such appeal antes of oblique lamination are occasion- 
ally found in the nntdcfu sediment of agitated wateis, 
both in the banks of rivers nudon*fhft sea-shore. 

When these oblique lamina* extend through thick 
beds, they sometimes cause a slight difficulty in deter- 
mining the dip ol the strata, and are then called false Ind- 
dii jg. Some ol the coarse upper beds of the great 
oolite of Bath, Gloucestershire, Northamplonshiie, and 
Lincolnshire, awjv as of Normandy, are remarkable 
for this false Ljpmjing. 

But it is in the course sandstones that we see the 
most re m askable examples of this structure, as on the 
Scarborough egast and under Nottingham castle 

The more violent the action of water, the less regulai 
is the internal constitution of the layers found be- 
neath it. Let any oneVith this view compure the effects 
of the tide beating upon the sand and* pebbles of the 
Eastern coast, or the tuTVmltuo us products of a mountain 
'river, wUJi the tranquil deposit and sediment on the allu- 
vial lands i near Lynn and ucar Hull. In the former case, 
tile materials are frequently found heaped together in 
# lamina, variously and confusedly inclined to tine ano- 
ther ; in the latter they are all, parallel to the horizon, 


and to the general plane of the surface. The former Geology, 
case is exactly analogous to the false-bedding mentioned Civ L 
in a preceding section, so general in our sandstone *con- S *pss**' 
glomerate#, and in shelly beds of oolite } the hitter is 
exactly like the regular lamination of days and scales. 

Like effects flow from like causes, and thus we are 
enabled to frame very plausible conjectured concerning 
the condition of the waters under which the several 
strain were accumulated. 

in the same way as a number of similar lamina are Geribul 
sometimes united into one bed of stone, so several simi- term*, 
lar beds of stone, are sometimes associated into one rock? 
to which a specific name is applied, as the Oolite, the * 

Lias Limestone, &c. 

Sometimes several of these rocks are grouped under the 
title formation, as the Bath Oomtt Formation. Thus 
in the lias limestone-beds, the lower lias clav, marl- 
stone-beds, and upper has clay, as represented in pi. i. - ,, 

fig. 3. are all included in the Ljas Forma* winch 
rests upon the Rki> Sandstone Foumation, ami is 
covered by the Bath Oolite Formations. $ 

The following Table exhibits a complete view of the Scries -if 
whole series of British strata, grouped according to their Hntn.li 
•relative antiquity into three leading divisions, the Pri* * 
man, Secondary, and Tertiary strata ; it being under- 
stood that such divisions are chiefly adopted /or conve- 
nience, as expressing with considerable accuracy certain 
general analogies of origin, composition, and oiganic 
contents, which prevail amongst the members ol each 
division, but yet are not to be considered as exclusively 
belonging to them. 4 

Two of these divisions aie again subdivided upon 
exau’y the same principles into systems of strata, which 
are marked by certain recurrent rocks, striking,amilogie^ 
of composition, organic reliquiae of similar types, and 
positions derived from convulsions of the same epoch. 

The systems are again usefully divided into formations ; 
these into their several component rocks ; whose ultimate 
analysis gives the strata, beds, and lamina* of composition* 

The superficial accumulations of gravel, sand, peat, &c\, 
which are classed under the head of diluvial and allu- 
via] deposits, are not included in this list of strata. 

For the sake of the student to whom the mode of 
considering the sequence of rocks may not bo familiar, 
the strata are here placed in ^he same order as they 
.would be found on proceeding; from the surface down- 
ward. This Table should be compared with that of 
jM r. Smith, p. 533, and of Wenitr, 531. 

Tertiary S frits of Strata, 
partly lacustrine, but principally marine, sandy, and ar- 
gillaceous, and with some calcareous deposits, abound- 
ing in* shells and other organic exuviae, closely tgudo 
g<Tus*to existing species. 


t'mul 

Formal ions, ol' Formation. 

liopi 

I. Loper marine 1 r ,<) 
formation . f 


l. MarmoUcuu- 
trine 


18 London 

clay 

3. Lower marine *1 1 COO or, ^ rQU * > ’ 
formation . J more. Plastic 


Stratified Groups. ♦ 

j Randy crag with shells. 

( Zjnophytic limestone. . 

| Upper freshwater limestone 
j and marls 

) Intermediate marine lied. 
Lower freshwater limestone 
and marls, 

I Bfigshot sand. 

| London clay. 

{ Plastic clay, with coloured 
sands and lignite*. 

Shelly blue clays and sands. 
Pebbly green sands. 
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Secondary Sen nos of Strata, 

principally of marine origin, with rare and local estuary 
deposits ; consisting of repeated alternations of lime- 
atone/flint, sandstone, sand, clay, iron ores, coals, salt, 
&t\, with organic remains generally very distinct from 
existing forms of animals and plants. 

Cretaceous System. , 


Tliirknona. 

¥*"• 


Stratified (irnupa. 


Grt'en sanil . . , 


Wealth^. . . . 


Upper oolite 


8. Middle oolite 


9 Lower oolite . . 


( Upper soft chalk with flints. 
rf ... I .Middle harder ch.dk 

* j Lower marly clunk 

l Red chalk 

.Green and grey sands. 

oOO \ Gault clay. 

I lion t>aml or lower green ound. 

OijhttC S /stern, 

{ W«akl clay and Sussex marble. 
IUastnigs'Kanils and limestones. 
Uurheck limestones and clays. 

( Portland oolite and other litnc- 


i rortlanu 
stones 
Kimment 


it. VarieiMfed 
sandsione 

(f\*i u/ite. 
Cony ben/ e. ) 


12. Magnesian } 
lintestuiiK j ' 


IKimmendge clay, 
railine < Upper calcareous grit, 
olito J Coralline oolite. * 

roup. I Lower calcareous grit, 
xtbrd r Oxford clay, 
play J Ivelloway calcareous grit rock, 
roup. I Clay. 

/Cmnhrash limestone. 

I I Forest marble and sands. 

Great oolite. 

Fullers’ earth, rock, and clays. 
Inferior oolite. 

Ferruginous sand, 
j Upper 1ms clay, or shale. 

! Marlstmie beds, sandy and cal- 
! c.ireous 

\ Lower luis i lay, or shale. 

Lms hmesti ok* 

’ Daik mare 


System. , 

f Variegated nnirls, gypsum, and 
I salt. 

*j Red mid white sandstone. 

( Red sandstone conglomerate. 

( Red and white marls. 
Laminated limestone. 

Gypseous red and white marls. 

I Magnesian limestone. 

Marl shoe. 

Rot hetodtel iege nde. 


13. Coal 


Oirbont/emuM System, 

( ‘Uternatuig. 
Sandstones. 
Shales. 

1 Couls. 


14. Mountain 
limestone 


15, Old red 1 
samktoue f ' 


j Ironstones, &c. jesting 
M distoue gnt. 
■Vllernuting. 
Limestone*. 

-i Shale i. 

Gritstones. 

Seams of coal. 
.Conglomerates. 

J Flagstones. 

(Red and white marls. 


Prim any Strata, 

containing organic remains, mostly of extinct tribes, and 
only in the upper part of the series, 

Slate system, including many great divisions which eventually 
may he tdasuwU in formations, according to their 
organic remains and h&tidi of limestone. It i» a 


usual, but vague classification, to distinguish this Geology, 
system into upper or fossiliferout, and lower, or Ch. J. 
non-fossiliferouii slates and limestones. 

Gneiss and mica schist system, including mica schist, chlorite 
schist, hornblende schist, quarts rock, primary 
limestone, gneiss, &c. 

Granitic rocks, which are not stratified, usually form the basis of 
the strata, and are frequently but not by aiiy means universally fol- 
lowed by the gneiss and mica Blate system. 

Disturbed Stratification . 

All strata, says Cuvier, in his admirable 11 Discourse Strata on. 
<m the Revolutions of the Globe,” (bust necessarily have tfiiudly 
been formed horizontal ; atid this opinion, Hounded upon kvt ‘ 
the admission that rocks composed of regular layers, 
containing rounded pebbles, and organic remains of 
watery animals, can only have been formed under water, 
is supported by observation. For not only do we see at 
the present day the deposits Af water arranged in planes 
nearly or exactly horizontal, but we also find the ancient 
strata of the Earth, where undisturbed by convulsions, 
very 'nearly level. Inconsequence of these disturbances 
the strata are seldom found to be peifeetly horizontal, 
but are often inclined «at high angles, and in a few in- 
stances stand directly vertical. Their planes are gene- 
rally continuous over large spaces, but they are some- 
times broken and dislocated by faults or dykts. It is 
now generally admitted that the usual horizontal dispo- 
sition of the strata is derived from the action of the 
superuatunt waters which accumulated them ; and that 
the irregular declinations and fractures which we some- 
times behold, are the effects of subterranean convulsions, 
chiefly occasioned by internal expansion. The truth of 
these opinions will appear fiotn a tew plain considera- 

t’OllS 

Knrlhy matter deposited from water by tranquil sub- s ui.se- 
sidence, us clay and limestone, or accumulated during qinmt'j du 
periods of moderate agitation, as sanfl and sandstone, failao, 
must in general be accumulated iifto layers or stiatn, 
proportioned to the intervals of deposition ; and these 
lau is, in consequence of the fluctuation of the water und 
the influence of gravitation, will especially tend to be 
horizontal. Nevertheless the'y must, m a considerable 
degree, accommodate themselves to the surface on which t 
they are deposited. If the bottom be level, so will be 
the deposit; if sloping, the deposil^will be inclined; but 0 
it i here be a pi rpcn<(ieular subaqueous dill, no deposit 
can fall upon its face, nor any translated materials tie 4 
aecnnirlated parallel to it. An originally perpendicular 
layer or deposit of earthy materials is obviously im- 
possible. Whenever, thereime. wo behold vertical 
strata, we may be quite sure that they were not depo- 
sited in that form, but have been displaced by some in- 
ternal movements of the Earth. ^Ar^mduuce of in- Vertical 
stances of this remarkable position VrWata may be strata, 
quoted in almost any part of .the World. The Isle of 
Wight gives us a magnificent sei ij?s of strata 1100 feet 
in thickness, reared into on absolutely vertical position; 
and this effect is the more remarkable, because the 
materials uplifted consist of nuluy strata of loose sands 
und pebbles which most certainly* have been deposited 
level. In the Western border/ of Yorkshire, vertical 
strata of lim£stonc'range for miles parallel to the edge* 
j of the Pennine chain, and turn Eastward through 
( raven, below Ingleborough and Penygant to Settle. 
Magnificent examples of vertical strata are familiar to 
l those who have visited the cliffs 0 Savoy, or who have * 
ft perused the graphic descriptions of Saussure. 
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There are some remarkable instances of contorted 
stratification very difficult to be explained without sup- 
posing the strata to have been soft at the time of the 
flexure. Not to dwell on inferior examples, we shall 
quote the magnificent phenomena of this kind which 
are seen in the valleys of Ch&mouni anti Luutcrhrun, 
and along the shores of the Lake of Lucerne, near 
Fluellen. The strati%d limestones of these localities 
are bent into such extraordinary retroflexions, as to im- 
ply repeated operations of the most violent Mechanical 
agency, in different directions; and observations along 
the range of the Alps prove that the whole of this chain 
has been the theatre of etioripous and reiterated con- 
cussions. (pi. i. tig. 4.) 

But the most remarkable case of disturbance is when 
strata, either horizontal or inclined, ure broken, so that on 
one side of the line of fracture the rocks are much higher 
than on the other. This 'difference of level some- 
times amounts to 100 or even *200 yards. The succes- 
sion of strata is on each side the same, their thickness and 
qualities art* the same, ami it seems impossible to cWuhl 
that they were once connected in continuous planes and 
have been forcibly and violently broken asunder. 

The plane ol separation between the elevated and de- 
pressed portions ol die stiatu is sometimes vertical, but 
generally sloping a little. In this case a peculiar 
general relation is observed between the inclination of 
this plane and the effect of the dislocation, in the dia- 
gram, (pi. i. lig. 5.) for instance, the plane ol separation, z z, 
slopes under the dtpicssetT and over the eh voted poitions 
of the disrupted stiata, making fhc alternate outer angles 
2 2 h, z z f b f acute. In more than a hundred examples 
ol such dislocations which have come under the not ice of 
the writer of tln^ Essay* lie never found an exception todds 
rule. A similar law is found to prevail veiv gctictnlk in 
the crossing of nearly vertical mineral veins ; lor instance, 
(pi. i, tig. (i.) ii <i are two portions of a metallic vein 
dislocated by another vein. ho. In this ease the* telahon 
of the line h h to the' liue^ a o % is the same as that of 
zz to the lines a a, h />, c r, Sic. The contraiy ap- 
pearances, had they oecuriod, would have been as 
represented below ; and *uch occur in the mining dis- 
tnct of Cornwall together with man) olhei singular phe- 
nomena, apparentl) referable to subterranean distill bailee, 
perhaps complicated with other causes, but which are 
with difficulty reducible to any simple mode of explana- 
tion, # * 

The line of dislocation is generally distinguished by 
a fissure, which ts filled b\ fragments of the neighbour- 
ing rocks, or b\ basalt, and is t hen called a dyke ; or by 
vhmous sparry uud'metullie minerals, and is then called 
a mineral vein. 

The iitoguln Jbpfialions by which these disturbances 
and disIocwtio&ns/Avere occasioned, seem to have hap- 
pened at various peiiods during the formation of the 
strata. We know, for 'instance, examples of horizontal 
strata, as a b •(pi. i/ fig. 7.) resting* upon highly in- 
clined strata, jr y z, which must have been forced into 
their unnatural posit iop before the deposit of the level 
strata upon them. 

Such n case occurs ijj Somersetshire,* where the coal 
JflneaKures He at a steep slope beneath horizontal beds of 
red marlf These coal measures arc also gVeatl v broken 
byfavlU which in some cases throw or elevate the beds on 
one side more than seventy fathoms above thus*; on the 
other side. But jttyji beds of red marl above *ure oho* 
gethcr uninfluenced either by tiie steepnm of the dip 
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or the abruptness of the dislocations. Therefore the 
convulsions by which these effects were occasioned, hap- t ** 
pened after the deposit of the coal seams, and before 
the deposit of the red mnrl. 

At Aberford in Yorkshire, and at many other points 
along the line of the magnesian limestone between Not- 
tingham and Sunderland, similar examples occur. 

In such cases the discordance of inclination between 
the superior'and inferior strata is expressed by the term 
unconformity , and the rock is said to lie uncoil form* » 

ably upon the lower. * 

By pursuing this investigation in different situations,«Principal 
we find that these internal movements or convulsions spoctyof 
happened at intervals during the whole period of time 600 vwl **° n 
occupied in the deposition of the strata. The most pre- 
valent and remarkable cases of dislocation and uncon- 
formity are howevei observable: 1. immediately after the 
deposition of the slate series • (Transition series of Wer- « 

ner ;) 2. after the accumulation of the coal ^jstem ; 3. 
after the deposition of the oolitic rocks ; 4. ulrcr the de- 
position of the chalk ; and bllily, one of the most 
recent probably of all, after the completion of almost ail 
the ibnnatious above the chalk It is not to be sup- 
posed that all even of these principal cases of disloca- • 
tioncan be recognised in every Eountiy ; on the con- 
trary, the subtenaiieuu forces appear liequciitly to have 
shifted their points of action. 

We shall have occasion to show, while speaking of the 
oiiiuuic remains, that tliere is sometimes observed a 
singular harmony between these periods of extruordi- * 
nary internal disturbance and the seveial epoclms when 
the different races of animals and plants came into 
existence ; and it is not unreasonable to suppose, that in 
this maimer it may be hereafter found possible tq establish 
such a relation between the internal and external condi- 
tion ol the Earth, as to afford the greatest assistance 
towards defining the agencies which have produced 
Changes so extensive and repeated in both. * ^ 

At present, restricting ourselves to the phenomena of Proximity 
elevation and disruption of the strata, we shall carry of mouu- 
onr inductions one step further for the purpose of 
proving what was before announced, viz. that these 
disturbances were connected with the effects of internal 
fires. 

We shall assume then that granitic, and basaltic or 
trnppean rocks, and others exhibiting the same pheno- 
mena, were ciystalli/ed from astute of igneous fusion, 
and weie, sometimes in u fluid atid sometimes in a solid 
Mate, impelled upwards from the interior of the Earth, 
as analogous substances are now raised fluid through 
volcanos, or luted solid by earthquakes. 

in proportion as we approach the mountains where 1 

tljf greatest violence was exerted to break up the strata, 
laise the granite, and inject the basaltic dykes, we find’ 
the dislocations increased in number and JtnportTtnce, 
and the confusion of the stratification more preva- 
lent. # , 

The central nucleus or axis of many snountain dis- 
tricts is a mass, or a series of masses of granite and • 
other un stratified rocks, from which on all hands the * 

strata are found dipping at high angles. Ju such case# 
there can be little room to doubt that the elevation of 
the mountain ranges und the disturbance of the strata, 
was occasioned by the same violence which uplifted the 
granite. See pi. i. fig. 6. 

The area of granite disclosed between the opposite 
slopes of slate, is indefinite* sometimes very large* 
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CteoWy. sometimes very small, sometimes it is entirely covered 
Ch. X* over fry the slate, which it has uplifted, hut not perforated, 
general analogy in the composition of mountains, 
in the strata which surround them, and in the disloca- 
tion* which abound in their vicinity, prove that one 
common cause, the force of subterranean tire, has pro- 
duced all the phenomena in question. 

Basaltic rocks frequently, perhaps generally, show 
themselves itf situations removed from the granitic re- 
, gions, on tlie flanks of mountains and in lower ground. 
In numerous instances, basalt fills up the fissure between 
•the elevated and depressed portions of dislocated strata, 
« and as* it cannot be doubted that such a fissure would 
soon have been filled up by other substances, it is 
clear that the melted basalt was injected nearly ut the 
same time as the dislocation was produced ; that is, that 
botji were local effects of violent internal heat, 
j Ajpilogyoi So great a general analogy prevails between some 
veur'tuid m * n eral V*ns and basaltic dykes, that in almost all hypo- 
tiHpdykest. th escs their origin has been assumed to be the same. 

Both in the same manner divide the strata ; in both the 
materials are crystalline, generally such as are not known 
to be producible from water, and arranged according to 
* entirely different luWs from those which regulate de* 
posits from water. It. seems besides almost inconceiv- 
able that materials of such various Specific Gravity and 
Chemical affinities should be either soluble at once in 
water or capable of being introduced by tins process at 
different times ; on the contrary, ull the circumstances 
‘agree in claiming for such mineral veins the same origin 
as basaltic dykes, the igneous origin of which is sup- 
ported by the strongest possible arguments. We shall, 
however, discuss the history and origin of mineral veins 
more at l^rge in the Chapter on Plutonic Products, mid 
we shall then notice a variety of phenomena concerning 
them which can with difficulty be explained in the pre- 
sent state of our knowledge of Chenustrv. That part 
of the history of mineral veins and metallic substances 
in general, which is inseparable from the consideration 
of the rocks iu which they occur, will be treated of 
while speaking of the several strata in succession. 

Dim uptime This elementary statement of the characteristic effects 
of strata, of subterranean convulsions upon the preconsolidated 
tVc-mlal must not be closed without noticing an important 

plan^nf'ter- beneficial result of them ppon the condition of mankind, 
rrstnai The frequent use of the terms convulsions, dislocations, 
adaptations and other such phrases in Geological Treatises, may, 
perhaps, lead the iflattfculive reader to imagine that 
Geologists are ol opinion that the laminated crust of the 
Earth, which had been constructed with so great harmony 
and order, was afterwards subjected to accidental injury, 
i left to the violence of forces not contemplated in its 

formation, and the original plan of its fabric destroyed 
by unforeseen convulsions How false a notion is this, 
and how unjustly would Geologists be accused of igno- 
ranee in this respect! They know well that without 
the effects, which # are called convulsions and disloca- 
tions, the plan. of the terrestrial creation would have 
, been incomplete, the Earth not adapted, as it is, tor 
« the residence of men and the exorcise of human 
intellect, which in all this seeming confusion can dis- 
cern the progress of an uninterrupted plan, end even 
trace special provisions in favour of mankind. Whether 
we regard the mere animal nature of Man, or consider 
him with reference to those glorious endowments which 
lift him above the brute, and enable him to contemplate 
the past and anticipate the future, and thus to expand 
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his intellectual existence through all periods and over all Geat*«y, 
subjects, we shall find in the broken stratification of the Ch. I. 
Earth, the most remarkable attention to his Physical V)li,r - 1 *— f 
and Mental constitution. 

How universal arc the benefits which are conferred on Elevation 
Commerce and the Arts of life, by the variety of substances °* 
obtained from the Animal Kingdom, cannot require to be Mn 
stated ; for without this variety,, neither Commerce nor 
the Arts of life could exist. Some faint idea of the state 
of a Globe which did not show this variety, may be 
conceived by viewing the condition of the sandy deserts 
of Africa, and abstracting from their solitary desolation the 
assistance rendered l»y .more fa vourablyi situated Coun- 
tries. Now all that variety of mineral products existing 
in the Earth, stored up in that inexhaustible repository to . 
supply many regions through many national revolutions, 
would have been made in vain, and forever hidden from 
the eyes of men, but for these very convulsions and dislo- 
cations in the strata. V\ hat else has raised our mountains, 
divided our seas, and given currents to our rivers, and by 
so doing established upon the Glolie those varieties of soil, 
local climate, and other conditions to which the organic 
wonders of Creation most evidently adapted ? What 
other means have been employed to produce the natural, 
harmonious, and mutually dependent relation of plants 
and animals on the land, in the streams, and in the sea? 

Without these disruptions, the Earth would still have 
been uniformly covered by shallow waters ; or if some 
part rose above it, must have been a barren waste, or a 
monotonous surface on which the living wonders of 
Nature, according to the actual plan of Creation, could 
not have appeared Jt is, therefore, evident, that 
as one of the means employed by the Creator in the 
accomplishment nf his works, the agency concerned in 
producing the actual condition of the terraqueous sur- 
tace, and thereby legulnfing the leading phenomena of 
organic and inorganic Nature, is a fit object for the 
special study of Geologists. 

It is not only in the elevation of roiitinenls, the vary- Exhibition 
iug height of mountains, the division of the sea, and >ii 

similar striking effects, that we see the utility ol' the com- 11111 
bination of subteriaiieati igtierfris with superficial aqueous 
agency. Every coal-fieUi in the known World proves 
distinctly the utility of even the minor dislocations, 
which in our imperfect language me called “ faults” in 
the strata. The universal effect of these ’‘faults'’ is to 
multiply the visible edges of the strata, by bringing 
them more frequently to the surface, in consequence of 
which there is, in the first place, the greater chance of 
discovering the materials of the Earth ; and, secondly, 
the greater facility of working them. * Other advantages 
of this kind will immediately suggest themselves to the 
attentive reader. 1 V 

But all advantages to ( omniercoVim the Arts of 
life sink into nothing when compared with the effect 
which the Human Mind experiences from contemplating 
the monuments of past conditions or the Globe, 
which the uplifting of the bed of the sen, and the 
dislocations of the strata, have .brought to light. All 
Nature is a glorious book, which men are incited to 
read, in order to know and communicate with Its Author, 
a mirror in which' the Almighty and the Infinite i& 
faintly typified" in the vast and the diversified ; ni id in this 
respect, Geological monuments -are distinct, impressive, 
and, in jtsfercnce to the earHer epochs, unique. But* if 
we have 'been conducted by long labours to some real 
knowledge of the internal constitution df the Globe 
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Geology. 'fend familiarized with the conception of many revolutions 
Oh. 1. of created Beings on its surface, in accordance with p. long 
sequence of Mechanical and Chemical operations ; and 
if we have thus extended the conviction of the unceasing 
care and comprehensive benevolence of the Divine Being 
to the most remote epoch which our limited intellect can 
reach ; all this is owing, in a certain sense, to the 
convulsive movements originating below the crust of the 
Earth. Let it. not, therefore, be supposed, that, because 
of the contracted scale of the Human Mind, which can 
R|?e only in succession what to a greater Intelligence is 
contemporaneously evident, Geologists are obliged to 
speak of certain phenomena ai ^accidents with reference 
to others, which are connected therewith by ways un- 
known to us, that they are so blind as not to see in all 
the diversified operations of Nature, the effects of (hie 
predisposing and directing Cause* 

m 

Internal Structure of Uocks, 

units in All rocks, whether stratified or not, are na tonally 
iflrrent divided by fissures, passing in various directions, mde- 
jcks pendent ot the strata, into i misses* which are of different 
form m dissimilar rocks, and are accompanied hv circum- 
stances deserving moie attention than has vet been be- 
stowed uponthem, The fissures or planes of paiiing 
between these masses uie called joints. Most fre- 
quently their direction is nearly vertical to the planes of 
stratification, where such exist, and they divide the rock 
into cubical, rhumboidal, or prismatic portions, blocks, 
pillars, or columns. Jt is owing to their various direc- 
tion and frequency that different locks assume such 
characteristic appearances, and may thus he olten and 
readily distinguished when seen at adistaucc or shadowed 
in a drawing 

Some rocks have very nuincmtm, approximate, and 
closed joints, as, shale, some kinds of slate, and lami- 
nated sandstones ; in others, as limestone, the joints are 
less frequent, and morfr open. 

Jn coarse sandstones, they are very irregular, so that 
quarries of this rock produce blocks ot all sizes and 
(brms. From this cause# coarse sandstone rocks show 
themselves against the sea, in precipitous valleys, or on 

• 'the brow of lulls, in rude and romantic grandeur. The 

wild scenery of the Peak of Derbyshire, Brunham (’rags, 
and Ingleborough in* Yin kslure, derives attractive fea- 
• tures from the enormous blocks dV millstone grit ; and 
the Magnificent rocks which Maud upon the hills and 
overlook the Vide of Wye, are composed of a some- 
what siniilai material. 

Jfi clay, vertical Joints are numerous, but small and 
confused, whereas in indurated shale they are of extra- 
ordinary length jpet*}' straight, and parallel, dividing^ the 
rock into ilmiiiwfhil masses. This may be well studied 
iu the shale, which alternates with mountain limestone, 
at Aldsfotia Moor in Cumberland. Khomhoidui joints 
are frequent and very regular in coal. 

In limestone the vertical joints aie generally regular, 
and arranged in two sets, which cross at nearly equal 
distances, and split the beds into equal-sized cuboidul 
blocks ; and thus the mountain limes time is found to 
Jje divided into vast pillars, which ?angc in long per- 
pendicular scars clown the mining dales of ‘the North of 
England. 

In slate districts, the joints, more numerous atyd more 

* regular perhaps than iu any other known rook, have 
almost universally a tendency t* intersect one another at 


acute and obtuse angles, and thus to dissect whole ecology, 
mountains into a multitude of angular solids, with tfo.i, 
rhomboidal or triangular faces, which strongly impress 
upon the beholder the notioh of an imperfect crystalli- 
zation, produced on these argillaceous rocks since their 
deposition and consolidation, by some agency, probably 
heat, capable of partially or wholly obliterating the 
original marks of stratification. 

Vertical joints are frequent in granite, and appear to 
have definite directions. The trihedral pud polyhedral • 
vertical prisms of basalt, and some other igneous rocks, 
coupled with their regular transverse divisions, seem to # 
give us the extreme effect of regularity in the revision * 
of rocks by the pmcess of condensation, from the state 
of igneous or aqueous expansion. . 

That contraction after part tul consolidation of the Gemini 
mass is the general immediate cause of the numerous cause of 
fissures of rocks, may easily be proved by a variety of joint* am 1 * # 
facts observed in conglomerate rocks, when/ pebbles, tl “ sureB * 
and iu others where organic remains aie split by the 
joints, but cannot surely lequire argument. According t 
to the circumstances of the case, this process has pio- 
dueed in basalt, slate, and coal fissures so regular as to 
Jfivc to the rock a largely crystalline sti net lire, but left * 
in sandstone mere irregular cracks. 

From Mr. Gregory Watt's experiments on fused basalt, 
arid some other notices by different authors, we know 
that a continued application of even moderate heat to a 
previously solidified body, may be sufficient to develope 
m it new airangements of the panicles, new crystalline 
structures, new Chemical combinations, and to cause a * 

real transfer of some of the ingredients from one part 
ol the mass to another ; from many independent facts 
it is inferred, us a matter of certainty, that all the strata 
have locally, and the low'er ones perhaps universally, 
sustained the action of considerable heat, since their first 
deposition : we seem, therefore, to be possessed of tine 
clue which is eventually to conduct us to. a. thorough 
knowledge of the cause of the different structures ob- 
servable in rocks independent of their stratification. 

But though heat he taken as the leading cause of 
these effects, it is by no means inconsistent to suppose 
that some other independent agent, sis, for example. 

Electricity, might be concerned in modifying the result. 

From all the recent discoveries j,» Electricity, it appears 
more and more certain, that this mti vet sill agent is 
excited mi every case of disturbance of the Chemical 
or Mechanical equilibrium of natural bodies, and it is 
especially and very sensibly, excited by unequal distri- 
bution of heat. Professor Sedgwick’s suggestion with 
reference to Mr. Fox’s electro-magnetic experiments on 
the mineral veins of Cornwall, that Electricity was pro- * 

baiily ’concerned in the original production of those veins » 

along w hich it now circulates, may be justly extended 
to the joints of rocks; in the study of which*lhe vffiter 
of these remarks has found abundant reason to believe 
that the theory of the production of # mineral vtvns is 
inseparable from that of the joints and fissures, in some 
of which the metallic substances are deposited. • 

In examining with attention a considerable surface of Directioif jf 
rock, it will be found that amongst the joints arc some fisa-m s. 
more open, regular, and continuous than the others, 
which occasionally stop altogether the cross-joints, 
themselves ranging uninterruptedly for some hundreds 
of yards, or even far greater distances. There may be 
more than one such set of long joints* and, indeed; this 
is commonly the nose, yet, generally, there is one set 
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more commanding; than the others, more regular and 
determined in its direction, more completely dividing 
the strata from top to bottom, even through very great 
thicknesses, and through Several alternations of stratu. 
For example, there is a peculiar character of joints in 
each of the principal strata of the mountain limestone 
series, limestone, sandstone, shale, and also in the sand- 
stones, shales, and coal of a coal district, yet, throughout 
the whole of Yorkshire, all these rocks are divided by 
the master-j obits passing downward through them all 
in nearly the same direction North by West, and South 
bv East. IJhese master-joints, called stints, backs, 
bonis , Ike. are perfectly well known to the workmen, 
as well os some other very important yet less certain 
and continuous fissures passing nearly East North-East 
and West South-West. Jt is according to such joints 
that the experienced collier arrange* Ins workings, and 
tile slater and quarry-man conduct their excavations. 
Now sufljdy nothing can be more certain than the in 
fere ucc, t hut some very general and long continued 
agency, pervading at once the whole mass of these dis- 
similar and successively deposited struta, was concerned 
in producing this remarkable constancy of direction in 
the fissures which divide them all. The utter deficiency 
of recorded observations prevents any further illustration 
of this important subject by reference to other districts, 
but it is obvious that a great principle in the construc- 
tion of the Earth is here indicated, which must even* 
tually have an important influence on (ieological Theory. 
In the mean time we ma\ remark, first, that these pre- 
valent directions of North by West and East North East, 
arc those of the principal mineral veins and cross courses 
in the* North of England, and that they are also admitted 
to be vcoy prevalent in the Southern and Western mining 
Countries; snondty, thjit these directions are wholly un- 
influenced eithei by the declination of the strata, or by the 
numerous dislocations to which they me liable. \\ hatever 
be the direction of the dip, how frequent soever the laults, 
the lines of the great joints me the same. These lines 
are frequently the cause of particular courses in rivers, 
long scars on mountain sides, and subicnanean chan- 
nels for water. Faults, and dykes, and mineral veins 
very frequently pass along them, and there is little doubt 
that the diligent study of them will be found to throw 
a now light on some of* the most mysterious phenomena 
of Geology. See pi. i. fig. 1). 

In a recent Papcj on the cleavages of granite in Corn- 
wall by Mr. Enys and Mr. Fox, these cleavages are 
proved to follow certain lines of definite direction, like 
the well-known cleavages of slate. 

Though a little out of place, we cannot forbear to 
add ^here a short notice ot facts known in Sutherland, 
. which distinctly prove one of the effects ol heaf upon 
common argillaceous shales, to be the alteration of its 
structure, so as to give n real vertical cleavage to a inass 
of horizontal lamime of clay, as well as that induration 
whiefr belongs to* slate. The lias shales of the Alps 
are so altered 1 by proximity to the igneous rocks of that 
region, that in several places in and near the V'alley of 
Chamouni, they are commonly mistaken by modern 
tourists .for genuine slates of the primary system, and 
were always described as such by the older writers. 
How plainly does this leach us that the joints, cleavages, 
and other peculiarities of their structure, not produced 
in rocks by water, nor coeiml with their deposition, have 
been occasioned chiefly by the agency of subterranean 
heat. What powerful aid does this generalization give 


toward explaining many phenomena heretofore despaired &60W; 
of in Geology, 130. 

Mineral Composition of Strata . 

Water is both a Chemical ami a Mechanical agent. 

Under different circumstances at certain temperatures, 
by the help of other ingredients, as acids or alkalies, 
various mineral substances are dissolved in it. When, 
by evaporation, loss of heat, or a change in t^c compo- 
sition of the liquid, these substances are no longer ca- 
pable of remaining in solution in it, they separate iu a 
crystallized form, or fall down, and the sediment which 
they occasion is called ^precipitate. *. 

Ily such processes lime, magnesia, and other earths 
and metallic oxides, are first dissolved iu water, and 
afterwards separated from it. We find these processes, 
in the present order of Nature, chiefly concerned in pro- 
ducing calcareous marls and irregular accumulations of 
limestone, in lakes and in the course of certain streams 
and at the mouths of some rivers. So in more ancient 
times, the most abundant Chemical deposit from water 
was limestone. 

The Mechanical agency of w'nter is manifest at the pre- 
sent day in removing materials from one place and accu- 
mulating them in another. Thus pebbles and sand and 
clay are transported by the tides and by rivers, and ac- 
cumulated in low' situations in regular layers, miniature 
representations of those thicker strata of the same ingre- 
dients, which compose the crust of the Earth. And us 
at the present day some materials are transported further 
by water than others, and consequently more tomuled 
by attrition, so the materials of the interior strata are 
likewise more or icss worn and rounded, in proportion 
to the distance they have travelled and the friction they 
have su limed. 

In many situations Chemical and Mechanical pro- 
ducts are occasioned successively byitlie same waters, 
just as iu the older strata limestones and sandstones 
alternately prevail. We see, therefore, thut the an- 
cient deposits from water, which form layers several 
miles thick around a great part of the Globe, are not 
essentially different, except Su degree, from the lesser 
deposits now formed beneath the tides from the sea ami 
the streams from the land. 

The, Chemical stratified deposits are principally lime- 
stones, composed of carbonates offline and magnesia, and 
salt rocks characterised by muriate of soda. This ta not * 
t lie place to discuss points of Theory, and we s*ialj tWrc- 
fore speculate no further at present on the origin of these 
deposits than to say, that if by any means a I urge sup- 
ply of an alkaline carbonate, as carbonate of sodir, lor 
instance, was diffused through the sea, the effect would 
be a precipitation ot carbonate of llm^ind carbonate o» 
magnesia, which would be accumulaVeu info strata upon 
the bed of the sea in thickness proportioned to the quan- 
tity of the muriates decomposed, while the supernatant 
liquid would be found highly charged "with muriate of 
soda, or common salt, if the alkali were only locally 
diffused, the deposit would he contracted, if generally, 
the strata might be very extensive. 

The Mechanical deposits , p»r strata, composed of 
earthy materials, are distinguished by the coarseness i" \ 
fineness of the ingredients and by the nature of these 
ingredients. When the materials are of unequal fine- 
ness, and some of them are large, rounded pieces, the 
rock is called a conglomerate ; pieces not so large fcon- ° 
stitute a sandstone, very fine particles clajr. The foF 



GEOLOGY. 


< 545 



lowing Beale will convey some notion of the gradations 
of state in the ingredients of Mechanical deposits. 

Very fine particles generally con- , , , ... 

tai»ingi0to30 parts of aluminej 01 ^ mar1 ’ shale ' anJ “ late< 

Mixture of clay and sand Sandy clay. 

Band with some clay Argillaceous sandstone. 

Small fragments of hard sili-le , . . 

clous minerals } 8and * 8ftndHtone - 

Sandstone including jiel&les . . . Millstone grit. 

Large pebbles united by sand-1., , , . . 

stone or clay / Conglomerate, or puddingstone. 

Pebbles disunited (travel. 

• Stony fragments reunited ...... Breccia. 


Ingre- 
illentw of 

mecbailical 

strala. 


Wliole se- 
nes of 




t'onsideredjWith reference to the nature of the ingre- 
dients which compose them, Mechanical strala form 
another scale. 

Thus gneiss, one of the oldest of these strata, is a 
compound of the same ingredients as granite — quart/., 
felspar, and mica ; but these minerals, instead of being 
amalgamated (so to speak) together by crystallization, 
are accumulated in successive lamina* more o» less 
regular, Gneiss, therefore, differs from micaceous sand- 
stone much less than is commonly imagined, and often 
has no other permanent distinct uo character, than that 
presented by the peculiarity of its composition. 

Sandstone is generally an aggregate of small frag- 
ments, or worn crystals, of* quail/, with or without any 
argillaceous, or calcareous, or irony cement in the inter- 
stices, with or without any mica m the partings. Some- 
times K \ery evidently contains rolled and broken pieces 
of crystallized feUpnr, such as tills the Pyramids around 
Mont Plane, nr the granite of Cumbria and Scotland. 
There is, therefore* every reason to conclude, that coarse 
sandstones like the millstone grit, as well as gneiss, 
have been derived fiom the waste of ancient tracts of 
granite. 

Some beds of sandstone at Oban m A rgvleslore appear to 
bine been formed* bom the gramdai fragments of disinte- 
grated greenstones Sandstones sometimes extend oxer 
vast districts, and during the whole range are charac- 
terised by some remarkable mineral ingredient ; as for 
instance, the green sand of England, France, and Swis- 
serlnnd, which is distinguished by the presence ol a pe- 
culiar green mmeial. (( i laueointe.) 

Conglomerates, on the other hand, are generally con- 
stituted of fragments fiom the neighhom mg* mountains. 
Thus the red sandstone of the \ nsges mountains con- 
tains quartz pebbles derived from the slate rocks of the 
vi ; the old rerl conglomerate of England varies 
in its composition acconling to its locality; that of 
Herefordshire contains much quartz, that of Cumber- 
land is filled with pt-bbles of slate. 

The whole series of stratified rocks then consists of 
alternate depositJoWimestone, sandstone, and clay, with 
few layers oficoaT, Aicksalt. flint, iron ore, &c. The modes 
of alternation are different in different parts of the senes, 
and in different situations. Thus what is called the 
transition limestone is enclosed between beds of slate, 
the carboniferous limestone alternates with sandstone 
and fthale, the lias liiqestone lies in marly clays, the 
coralline oolite is enveloped in calcareous sandstone. 
Generally, the different strata are distinguishable by 
tfieir mineralogical characters; but dot always. When 
the circumstances of the deposit were nearly similar, 
as in the accumulation of the carboniferous limestone 
and some of the oolites, the strata are remarkably 
alike ; and often particular beds of one rock ure scarcely 
to distinguished from better of another rock. Thus 

voi*. VI. 


some beds of lias are scarcely to, be known from some theology 
calcareous layers connected with the Bath oolite, while ** 
other portions of the same rock strongly assimilate to the 
carboniferous limestone. The old red sandstone and 
the new red sandstone formations are very much alike; 
it would be difficult by mere minera logical methods to 
discriminate the clays which separate the oolites, and 
many sandstones of very different epochs ure almost 
(indistinguishable. Hence we may infer that nearly 0 
the whole series of strata is the result of many repe- 
t i lions of similar Mechanical and Chemical agencies 
opeiated by the same waters. • • 

When sets of strata are in contact, as for instance Alternation 
limestone lying upon sandstone, it often happens that 
while the limestone above, and the sandstone below, 
are tin mixed with other matter, there is a middle set of 
beds composed ol alien. ate layers of the samlstoneViid 
limestone. Thus let a be the coralline oolite oUEngland, 
and b calcareous sandstone beneath ; the middle beds 
a f a" b 1 I/' are alternately oolite and sandstone. See 
pi. i. iig. 10. 

In such a case, there I me, the two strata are said to 
exchange beds, or to be subject to alternation at their 
junction, and the phenomenon seems to ht*e been occa- 
sioned by temporary cessations of the deposit of sand- 
stone during the commencement and piogiess of the 
deposit of limestone. 

In other instances the two strata pass into one ano - Gradation 
ther by imperceptible gradation ; as for instance, the bed*. 
Oxford clay of the Yorkshire coast graduates into the * 

calcareous grit above so completely , that the bluish 
coloui of the crumbling shale below is shaded off with- 
out any hard line into the yellow solid beds of grit 
above. See pi. i. fig. 11. 

Jn either ease it seems quite evident that no con- 
siderable break or interval ot time happened between 
the d life i to it contiguous deposits, one bed was no 
sooner formed than another was laid upniMt ; un<l by 
careful study of these phenomena it appears Jthut, bed by 
bed, and lock ai'tei rock, the whole series of strata even 
to miles in thickness weie successively and almost unre- 
mitting!) accumulated, and buried the shells and other 
organic Beings, which weiefhen living* in the water, or 
drifted into it fiom the land; such are, therefore, the 
best witnesses of the lapse of tube, and of the changing 
condition of the land and water during the deposition 
of the strata. , • 

Assuming limestones to be Chemical, and sandstones, Propor- 
clavs, cSex*. to be Mechanical deposits, and putting for tl(,MS ot 
the present out of consideration the organic remains, 
which so much abound, especially in calcareous stiala, we c i, ttnlCil i » 
shall be able by comparison of the thickness of the seve- depcsits. 
raf rocks to present a tolerably accurate notion of the 1 
relative proportions of Chemical and Mechanical depo- 
sits. The greatest obstacles to accuracy exist amongst 
the primary strata, whose thickness is exceedingly un- 
certain, and indeed often hardly to be •determined at all. 

If we take our examples of these strata from the , 

Island of Great Britain, it may, perhaps, be found a 
sufficient approximation to the ratio now sought to say 
the Mechanical to the Chemical deposits of water are ' 

In the Primary Series, as 500 : 1 

Carboniferous System. ... 10 : 1 

Saliferous System 5 ; I 

Oolitic System 4 : l 

Cretaceous System 4:1 

Tertiary System. 10 • l 

4 c 
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GeMney. Mm this comparison it would appear that the 

Gh. I, r ^j 0 0 f Chemical to Mechanical strata is greatest 
amongst the secondary deposits, and least amongst 
those' of the primary periods; a circumstance on 
which depend principally the well-marked general cha- 
racters of the secondary series of rocks. It should, be- 
sides, be observed, that calcareous matter very finely 
divided exists in nearly all the sandstones and shales of 
that scries, and sometimes so abundantly as to chunge, 
locally, lias shale into argillaceous limestone, and cal- 
careous grit into arenaceous limestone, or coarse oolite. 
* In secondary strata, the great preponderance of lime- 
stones almost invariably attracts the attention and 
directs the classification, and thus it happens that while 
numerous layers of clay and sand pass nearly un- 
observed, or are merely noticed as mtcrjmhilvd brds\ 

* almost every calcareous bed has its characteristic local 
name. ^he almost universal diffusion of calcareous 
matter through the mechanical strata of this large class, 
combined with the greater regularity and persistence of 
the limestones, generally impresses oil the attentive 
observer a peculiar theoretical notion as to the cause. 

^ He soon learns to consider the operations by which, 
sandstones tfiid clays were accumulated as of short 
duration, and intermitting action, like the periodical 
floods of a river, or some less regular inundations ; 
while the production of limestone is icgarded as the 
result of one continuous and almost uninterrupted 
‘ series of Chemical changes. This opinion, strengthened 
by the curious gradations between the calcareous and 
the sandy or argillaceous laminae, and by the frequent 
alternation amongst even their thinnest portions, derives 
very plausible arguments from the distribution of or- 
ganic remains through the several strata. In some 
cases these teach us pi mily that sandstones, oven of 
great thickness, were the products of temporary and 
often of yery local floods, which swept down from the 
land the scattered spoils of the animals and plants then 
in existence; but, tried bv‘ the same tests, the calcareous 
rocks appear to have been of slower anil more equable 
production, in clearer and more tranqud waters. Is not 
this exactly in harmony with the present system of 
natural operations? 

Condition of Organic Remains. 

What or- The fossil remains of ancient plants and animals h:\\e 
game re- been the theme of «ad miration for the h arned and the 
,nd,ns . , vulgar in every Historical Age. The difficulty of under- 
Edrth* 11 * standing how the shells of the sea and the plants of the 
land could be inclosed in hard rocks, in prodigious 
i abundance and of exquisite beaut v, led Plot and LUvyd, 

and sjvcn partially Ray and Lister, together with some 
•continental writers of eminence, to adopt a most strange 
hyp^hc.iitL Plot advanced the extreme absmdily that 
these beautiful monuments of the ancient condition of 
the Earth hud in fact never been shells or plants, but 
were merely (usufi natura\ deceptive resemblances pru- 
t duced by some plastic power in the interior oi the Earth. 

* Swift well ridicules this notion of l us us nature m Jus 
Voyage to Brabdignag. 

This ridiculous fancy has long since bocomc obsolete, 
and the i: formed stones” dug out of the bowels of tin* 
Earth are now recognised as the original inhabitants 
of its primeval land and water. 

The differences of condition between them and ana- 
logous Irving objects, the mode of their conservation, the 
manner of their distribution in the Earth, the relative 


periods of their existence and destruction, constitute a 
vast, lucid field of research, through which many avenues 
are ulready traced toward the secret powers which pre~ 
sided over the formation of the Earth, 

Terrestrial Plants abound in certain strata, espe- 
cially in the coal districts, where the seams of coal are 
nothing but vast layers of vegetables swept down into 
estuaries or lakes, and there covered by suud and clay, 
and changed by Chemical depositions. 

ZooiMivrEs both stony and flexible, many of them 
belonging to genera now m existence, till our limestone 
rocks with their most delicate anti bountiful organiza- 
tion ; with them he abundantly column 1 .* of enuoidul 
animals, and crusts and spines of echini. 

Moi.lum'oi s Amvivlsui’o now t lie most numerous 
of all the tribes oi Beings winch overspread the l»ed of 
the sea, and their shelly envoi mgs are also the most 
abundant ol all (lie organic fossils. 

Of the Articulated Amaiai.k, the most abundant 
remains are lobsters and crabs, and oilier Crustacea, 
analogous to existing types; besides tnlobitcs and others 
lo which nothing similar lias yet been found in the 
modern ocean. Fos*< 1 insects me very rate; and 
confined to almost a lew comparatively recent deposits 
from fresh-water. 

No one acquainted with tile structure of the iu- 
verlebrnl Annuals previously mentioned, cun mow their 
crusts, shells, and other hard appendages in the fos- 
sil state without being struck on the one hand with 
the wonderful pctfec.iou of all their minutest orga- 
nization, ami on the other with the uniform and 
almost total absence of their soft parts. The bodies 
found “ petrified” m the rocks weie originally durable. 
Similar substances are now capable ol conservation in 
our cabinets: hut the softer animal parts which they 
protected — the muscles, the viscera, and even the liga- 
ments' -have almost uniformly disappented lienee it 
appears a just conclusion that the pVoca ss of petrifica- 
tion, the substitution of mineral for animal matter, was 
slow and gradual * 

'The same result follows a similar examination of the 
fossil reliqma* of vertebral A^umnls. For though we 
find m tolerable plenty the bones and teeth of fishes and 
reptiles, the skin and other softer parts aie usually defi- 
cient. The bones of birds a\'e excessively rare, and 
those of mammalia at,* 1 mostly confined lo the least an- 
cient of all the Neptunian deposits. « 

In consequence of this decay of the softer parts, 
many of the hard parts of Animals arc found disjointed 
and separate. Crusts of lobsters, bivalve shells, ver- 
tebral columns, originally bound together by perishable 
ligaments, are very generally found in detached por- 
tions, precisely as happens to siniilaV ok^cts at the pre- 
sent day ; and generally tins is all thS’mjufy they have 
sustained. The delicate strut*, sharp spines, and other 
ornaments, are usually so well preserved that no one 
can believe that they were ever removed far from their 
native haunts. They were, in fact, quietly buried on 
the bed of the sea ; living or dead, entire or decom- 
posed, just as such Beings are found at the present day, 
when by any method the bed of the sea can be examined. 

And just yis at the present day where currents r«i 
strongly in the sea, shells aie worn by friction in the 
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* The ligament of Curd mm truncation is preserved ia lDArlsinBe 
At Ko'wdmry and SlaithtH in Yorkshire, and inqirntsitmii tof the jtfrtns * 
of Cejdtu/ojiodtt are fuimu in the oolite of Franconia. 
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flffjwy* sand and by beating against one another, and trees 
. carried down by rivers are scattered i n fragments ; so 

in certain of the old struta we find similar proofs of 
► rapid currents from the land, and temporary turbulence 
iu the primeval ocean. 

All the accidents of imperfection and disunion of 
parts happened, of course, before the organic Ijodies were 
enveloped in the earthy deposits. 

Subsequent The changes by wnich they have been converted to 
changes of petrifactions did not, probably, commence till after they 

CO^BW W€ « lhua emW| . 

* These changes in the substance of the fossil reliquiie 
are different according to the original nature of these 
bodies, the kifld of matter in\vhich they are enveloped, 
and the other circumstances by winch they were sur- 
rounded. 

We shall make some remarks on the conservation of 
the principal classes of organic fossils in the different 
kinds of matter. 

In jdanta. Dried vegetable substances may be considered as 
compounds of carbon, oxygen, and hvdrogcn, # with 
small and variable proportions of other substances. 

Carbon 4tJ to 55 per cent. 

Oxygen ... .40 to f 50 
Hydrogen . . . about 5 

Of these uigiedieuts the most volatile parts, r/s., the 
ox j gen and hydiogvu. seem, m many eases, to have va- 
nished, but the carbon generally remains, and is cither 
almost pure, as in some kinds of coal ; mixed with 
bitumen, as m jet and most coals: mixed with carbonate 
of lime, as m the remains of coniferous wood in the lias 
and oolite; or blended with Hint or pyrites in th.'Sc and 
other strata, (leneiaily, as might be expected, the vege- 
table substance is most completely disguised by earthy 
admixtures in porous strata, such as oolite or sandstone ; 
and, on the other hand, the original carbonaceous 
skeleton of the plant is preserved with the least change 
in close, compact materials like clay, shale, or ironstone 
This is strikingly exemplified in the coul-distnets, wheie 
ferns mid other plants which he in the shales me 
changed to bright, inflammable coal, while the very 
same species in coarse grjf stone are represented only by 
a brown, ferruginous stain. Coal is most evidently a 
. product on a large scale, precisely identical with the 
thin filmy remains of terns and reeds vvhicli accompany 
it. A vast tfnc-'N of (dauts accumulated beneath the 
ancient sea, or in sea-like lakes,* was covered np and 
buried by successive deposits of sand and clay, and 
under this hea,\v pressure, and hermetically sealed, 
Chemical decomposition went on, and a new Chemical 
product, coal, was ^.duboiated ; which, upon analysis, is 
found to contain the usual ingredients of vegetables, in 
proportions no j>tly.*rwise different than was to be ex- 
pected frory tbetyss of some of the more volatile pfirt.s. 

In this respect, coal exhibits many variations. That of 
Kilkenny, for instance, has only four per cent of volatile 
mutter; Oanngl coal* bus about fifty per cent. ; th* Kil- 
kenny coal contains ninety-two per cent of carlnm, com- 
mon coal about seventy per cent, carbon, and thirty 
per cent, oxygen and hvdrogen. 

l " The interna] and external hard pants of in vertebral 

emits* .animals, zoophytes, mollusca, and #rt iculosa, are much 
t • * ^allied in composition. They generally contain the same 
durable and’ the same perishable parts ; carbonate of 
lime* alone or with a small admixture of phosphate of 
lime, gives them firmness, and the flexibility wllich some 
* of them possess is derived from gelatine. 


The process of petrification consists jn the loss and Geology, 
replacement by a different substance of one or other of Ch. k 
these ingredients. The first degree of. change tyhich 
these fossils have experienced, is when the coralline or 
shell retains not only its external figure and appearance, lou ** * Cl 
but even its interna! texture, and almost all its original 
substance. Such specimens look as if obtained from 
the sea-shore in a dead state, with no other apparent 
loss than $iat of colour and brilliancy* This state of 
conservation may be said almost to characterise the or- » 
ganic remains of the strata above the cttalk. 

The next step in the process of petrification is lllufr- Loss of 
trated by many shells which lie in the gault aVid other 
cluys ; they have lost their gelatinous portion, and are* 
ill consequence, become light ami triable, but have not , ‘ 

received into their pores any extraneous earth. 

The third variation is occasioned by the gradual Insinuation 
substitution of an extraneous substance, us flint or py- of new % % 
rites, into the pores left by the decay or wpste of the 
oiiginal body ; thus the fibres of wood and sponge, and 
the plates of corallines and shells, have been changed 
by little and little into a different substance, which often ? 
represents with most faithful accuracy the minutest 
structure of t fie original. It is evident, therefore, that » 
this great change was accomplished gradually, the new 
particles taking successively the place of those removed 
by decomposition. 

These processes of decomposition and substitution of Analogous 
new ingredients, which probably commenced at the ,norft ' rn 
periods when the several fossils were imbedded iu the** noceSM *' 
rocks, are to this du\ continued, and often exhibited > 

with remarkable energy. Those products of modern 
opcnuions of Nature which go under the vague name of 
recent petrifactions are so various in their charnctei, 
that a detailed study of them, in relation to their accom- 
panying cncuinstauces, could not fail to furnish data 
tor explaining some of the most remarkable stages in 
die process of mmcraliy.ation, to whicji organic 
bodies have been exposed in the Earth. In proof of this, 
we shall content ourselves at present with putting in 
comparison a well-known peculiarity in the mode of 
conservation of certain fossils, and an instance of the 
same singularity in recent petrifactions. It is often to 
be noticed that while the external cell of an ammonite, 
or the huger part oi tlu* spiral cavity of a melanin, is 
filled by the course matter of the enveloping rock, the 
closed chambers of the former, and the smallest volu- 
tions of the latter, are filled with lYystals of calcareous 
spar. The well-closed shells of products, tcrebratulft*, 

&c. are often lined internally with calcareous spar, quartz, 
or even galena, while this never happens, perhaps, to 
shells whose valves did not lit very exactly. In fossil 
woojfit happens very often that the external parts are 
merely jet or coal, while the central pot turns ar£ 
changed to carbonate of lime ; and, in geneadr alt these 
examples appear to ugree in proving that the mineral- 
izing substance was transferred to its repository in the 
innermost cells and smallest pores fw a, kind of secre- 
tion, quite through solid septa of shell, and 'considerable » 
thickness of even dense stone. The recent petrifac- 
tions of hazel- 1 wood and nuts, from the alluvium of 
Ferrybridge *in Yorkshire, (Phil. Mag. I82S,) prove 
that the same remarkable transfer of particles through 
other substances, with the same elective attraction for 
these particles possessed by the finest textures anti 
smallest cavities, accompany ihe ordinary modern aque- 
ous deposits of carbonate of lime. In the alluvium of 
4 o 2 
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thin place, a certain part of a large collection pf hazel- 
wood and nuts was found mineralized by a subterranean 
spring from the neighbouring limestone, and it was 
remarkable that the central woody core of a hazel- 
branch' or root was wholly converted to stone, while the 
burk and outer layers of wood "were unchanged, the 
kernel of the nut was petrified within its brown unal- 
tered rnembiane, and the internal fibres of the shell 
within the still woody surfaces. 

The fourth condition is exemplified in limestone and 
sandstone rocks, from which the whole of the substance 
o (f shells, corals, &c., has been dissolved and carried 
away by ‘water. In consequence, a cavity is left in the 
rock bearing the impression of the exterior of (he shell 
or coral, and in this cavity is a mould or cast of the 
interior. Thus the u screwstoues,” as they are called, have 
been past or moulded in the cavities of enuoida! columns. 

The most extreme case of mineralization or petrifica- 
tion is produced by a process in addition to that just de- 
scribed, when the cavity left by the removal of the shell 
or coral is again filled up with crystals of calcareous spar, 
deposited by water filtrating through the stone. Some- 
times, only a tew crystals connect the inner mould or 
cast to the exterior impression, but generally, the whole « 
cavity is filled by the spar, which thus represents truly 
the shape of the ongnul body, but displays no trace 
whatever of its internal texture. 

There is in general a certain accordance and relation 
between the condition oi organic fossils, and the nature 
of the rock which incloses them In the green sand 
almost all the shells an* sdieifird, in the oolitic rocks 
many are changed to calcareous spar, in the clays very 
slight changes have happened to any oi trie organic 


remains. , 

On the other hand, the original nature of the organic 
substance has very much influenced its mode of con- 
servation. Echintdal and crinoidal remains are almost 
invariably converted to a peculiar kind of opaque, cal- 
careous spar, m whatever strata they occur ; gryplura* 
and astra*ai retain their lamina?, inocerami and belem* 
mte stheir fibres. 

Remains of We come nmv to the vertebral division of Animals, 
vertebrata. Their so!t poitimis have perished, but their teeth, bones, 
and scales remain, either connected or separated in con- 
sequence of the decay of] he ligaments, cartilages, &c. 

'Hie hardening ingredient of hones is principally 
phosphate of lime, that of teeth is a mixture ot phos- 
phate and carbonate of" lime. It is generally the fact 
that then* gelatinous or membranous portion has been 
diminished, and their eat thy admixtiiie increased, by 
the suhtei raueati Chemistry to which they ha\e been 
* subjected, and. in consequence, their Specific Gravity is 

much* augmented. , 


«L ** • 

Distribution of Organic Jletuains. 

Number of The«res€arehcs qf modern Katin alists have been si n- 
qwcirtt. gularly successful in bringing to light a vast number of 
1 new species or supposed original types of organization. 

4 The catalogues of living plants and Animals have been 
enormously lengthened in consequence of more rigorous 
investigations among the smaller tribes. “ In like man- 
ner the number of known organic fossils has been of late 
sears so greatly augmented, that in some departments 
ihev nearly equal, and, in others, exceed the living ranks 
of Creation, |n GreiM Britain alone, 1500 species of 
organic remains have been well described and figured ; 


and it u probable that the numerous tribes of unde- 
scribed zoophyta, molluscn, Crustacea, and plants, will . 9"* 
swell the catalogue to 2500 species at least. An equal 
number of other kinds adorn the cabinets of Continental 
Europe. Generally speaking, the principal deficiencies 
in the catalogue of fossils, as compared with that of 
living organic forms, are found in the aerial and ter- 
restrial races. 

Insects, birds, land reptiles, ancl mammalia are the 
rarest of fossils. We are, however, not to conclude 
that the ancient land was uninhabited by those tribes* 
because we do not find their remains in the strata which* 
were formed on the bed of the ancient sea. Such remains 
are very rarely carried down and buried beneath modern 
lakes, and therefore were much less likely to be entombed 
beneath the deposits of the ocean. 

In the following Table, M. Adolphe Brongniart com- Plant*, 
pares the extinct flora of the Ancient World at four 
several periods with the vegetation which now covers 
the Earth. The ireneral proportion is about 100 living 
plant? to one fossil one. 


1. Adames 

2. Cryptogam#* 
CttlhlU'US#* 

3. Cryptogumen 
VUBClllairOB 

4. Phanerogames I 
gymnospennes J 

5. Pham»rogarnen ) 
monocotyledon#* f 

6. Pluuii*ruguim*s I 
dicotyledon#* j 
Ind6termint‘HH 


Premier# l)<Mi\u*me Troimionfi Ount)ii*im* Kpoqu# 
Period#. Piiiodr. Ptitotlt*. lVnoilt*. Adivllo. 

5 IS 13 7.000 

— — if 1.500 


} - 
| 222 

10 


204 


23 


31 

3> 

3 


H7 


6 1.700 

20 130 * 

25 ? 8 000 

100 y 32.000 


100 50.350 
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r riie immense disproportion between' the numbers of 
fossil and living vegetables will probably not justify the 
infetence that m ancient periods only a few sj»eries of 
])lants covered the surface of the Earth. Only a small 
proportion of the vegetable tribes now growing upon 
the Earth are swept down into tne sea, comparatively 
hut a very trifling number would he carried there by even - 
the most violent floods, and therefore the few hundred 
species of fossil plants are prokab’y only a very small 
selection from the lumbers that really covered the 
Earth. Neveitheless these few relics limy be reasonably 
supposed to have been amongst the most abundant of 
the plants then in existence, ami may he usefully em- 
ployed in characterising the several .periods of deposi- 
tion. 

Thus it appears that in the most (indent of the four 
perioMs defined l>v M. Ilrongiiinrl, e^crfcig , before the 
deposit of magnesian limestone, the most abundant fossil 
plants belong to the vascular ciyptogamie class, iiiclud- 
iug t he natural families, ferns, oquise/aceoi, lycopo- 
diucete, &c. ; that m the third period, which includes the 
oolitic and cretaceous rocks, eveadefe are especially mi 
me rou. s ; and in the fourth or ternary period the more 
complicated dicotyledonous plants ap|>e:ir, and thus 
gradually conduct m to the vegetation of the present, 
day. * * 

Zoophytes, the first tribe of Animals to which we shall Zoophyte* 
advert, are almost entirely marine , The flexible coral- 
lines, which contain the smallest portions of earthy In- 
gredients, are but rarely seen fossil, but the stony carafe 
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and tha hard echinodermnia are exceedingly abundant 
in nearly all the secondary deposits 

The following Table, from which Lamarck's ciliated 
polypi are excluded, will convey a good general notion 
of the relative proportions of recent and fossil zoophyta. 

IVBcvibed JlecniilS]n‘cie» 
Drittuh Spitcieft. U<*»rnlir*t 
liiTt-nt. Fossil, by Liimank. 


nude •. 

. 5 



' 18 

Celluliferous flexible . 

. 67 

— 

117 

slimy . . , 

. 21 

26 

61 

Lamellated 

3 

30 

134 

Gorficiierous 

. 12 

2 

132 

Car no Hu 

. 47 

25 

194 

• 

155 

83 

659 


The proportion of British species is as 2 recent to 1 fossil, 

Kudiatu Fistulida 11 — 4 1 

Stellei lilli ID * r > 76 

Echnnda A. 9 45 88 

Crinoulua 1 27 3 

40 77 21 1 

4 

The proportion of Bntish spec.es is as 1 recent to 2 fossil. 

It has often been thought, lhat<he remarkable con- 
trast in the proportions <>l the fossil and recent zoophytes 
ot Britain might be explained by supposing that the 
ancient climate was holier than at present; that, in 
fact, the former productions of our Northern Seas were 
of'Hi tropical chniactcr ; ami this conjecture agrees with 
the deductions which may be drawn iiom similar compa- 
risons in the otliei tribes of Animals. But the extreme 
ranlv of flexible coiallmcs is nol confined In the strata 
of Britain, it is recognised over all Europe, and seems, 
at least in part, owing to their more perishable nature. 

The contrast is equally striking among the radiaria; 
find it is especially worthv of remark, that the nnmeious 
group ol crinoidea, so charac teristic of the fossil races 
of a lormer World: belongs chiefly to the lower and more 
ancient members ofHhe > stratified rocks. 

Passing over the remuikable Animals included in 
Lamarck’s class tuuicata, which appear to connect the 
zouphyta with the mollusca and ot which, being 
mostly perishable, no fossil* species is yet recorded, we 
arrive at the class of uuichitera, or bivalve molluscous 
* Animals. 

t'lmchifera. Shells are the most jm melons ol all the organic 
treasures buried in the strata; a, circumstance which 
# might naturally have been expected from their durable 
constitution, their vast abundance in (he pieseut system of 
Nature, ami their aquatic existence When a lake is 
drained we find gieat quantities of shells in the silt 
whi£h has filled its bed, but the remains of fishes and 
insects, and 


l even of plants, are rarely met with. 

| I)i Sfi'lw'il It «•* i‘»iiSp.*c u*. 
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'Utichifera. 


Lumelliliranchiii. 

Phigyanyonn ‘ 180 

Mrsoinyonu .... 
Biachuipmla. 

Kijuivalvia 

lnequivulviu .... 
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Kfivut. 

Fo^il. 

ti) Lauuni'k 

, 186 

390 

800 

. 29 

196 

197 

! 5 

4 

159 

15 

259 

, 657 

1012 


The first thing which strikes us on cohipariiig the 
catalogues of British recent and fossil bivalves, is the 
greater absolute number of the extinct species. The 
» proportion is at present three to one, and wiien the 
strata shall have been as thoroughly explored as the 
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snores, the number of our fossil conch ifera will pobably Gteotopr* 

amount to a thousand, and be to the recent kinds as 

four to one. t >— V^' 

On more minute comparison, we learn that the most 
remarkable discrepancy in the proportions is found in 
that singular tribe the brachiopnda, of which above 150 
fossil species are already described, while the recent 
kinds do not exceed five. Perhaps these numbers on 
both sides will be changed by further discoveries. At 
least filly species of spinier®, product®, and terebra- » 
tube remain to be described from the lufter calcareous 
fetrulu of England. , 

We next arrive at the gasteropodous molluscfti with Gasttti*- 
simple univalve shells. poda. 

These we shall arrange in groups according to their 
places of residence. 

Described Jt.^entRpfoie# 

Hrifish tU*»cribcd g 

Kocent. Fossil, by Lamarck. * 

Marine 210 398 147/1 

Estuary — 21 22 

Fresh water 31 23 SO 

Terrestrial 53 21 ? 274 * 

294 403 1822 

Considerable difficulty is experienced m referring 
certain fossil shells to their respective recent analogues; 
and in consequence it is very probable that many of the 
species above, ranked us estuary and land shells, deserve 
a different arrangement, This is particularly the case 
with respect to l he helices, heheiiue, and nitlauite. • 

According to the ordinary notion ot their food, gas- 
teropodous mollusca with shells may be ranked thus: 

Hntlsh, Guunriil. 

Ucri'ut. Fossil. llecfnt, 

Phytiphttga 233 2f>3 7 86 

Zoophaga Cl 200 1030 

We are not aware that there are any fossil shells of the Ophalo* 
class ot pteropodnus mollusca, but the remains of the poda. 
cephalopoda are inconceivably numerous, trcwf furfur- 
pass the recent kinds in both variety and magnitude. 

liritidh 

Um»m. FoonU, 

Cephalopoda 46 308 

The fossil cephalopoda belong for the most part to 
genera not yet discovered in a living state. 

The fossil species of vertebrafed animals are compa- 
ratively very tew, and some of them, especially fishes, 
not so peifectly characterised as to udtnil of much accu- 
racy m their arrangement. * * 

The following summary is chiefly taken from Mr. S. 
Woodward’s Synoptical Table 

llritiiih fuKuil 

F/shc'S Fresh water. 1 f> ^v • 

, Marine . . . . j ** ' I , . . . * 

* Uej.tiU'S, Laml 1 J In v,muu “ » lrata ' 

Aquatic .../ i J 

Birds 6 Iu “ diluvium'* ttnil alluvium. 

Mammalia I In Stonesfield slute. 

28 la diluvium, alluvium, $c. 

Considered according to their situatitins of life, the British 

British organic remains present the following results: fbs«M spe- 
cies. ♦ 

In the itrtuta. 

[ Vti | 5 ** tables 90 and more. 

Terrestrial J Shulls 21 ? Mostly very duuhtful. 

113 j Reptiles (Ptemdacty ly) 1 

VMaamudia ....... I 

f Vegetables 5 or 6 

Fresh watcrj V1 ,„ 1K jn „ j The genu* Uiiiu requtrts, 

5fi j u ■ | reconwleration. 

V Fisher ii f 
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28 


Marine 

1139 


EurnpCan 
foHJSll SpC* 
' cies. 


{Shells 21? 

Fishes 

Reptiles (Crocodile, ) y 
Kmys, Trionyx). J 

f Vegetables 3 or 4 

Zoophyta 83 

I Radi aria 77 

Shells 909 

Crustacea 30 

Fishes 18 

Reptiles 19 

/« superficial alluvium , diluvium, fyc caves, Sfc. 

Birds. ........... 6 species. 

s Mammalia 29 

4 

Such are the numerical relations resulting from a 
comparison of the extinct British species of Animals and 
plants on the one hand, with the recent organic Beings 
of Britain, and universal living races of the Globe 
on the other. These relations would doubtless have 
been considerably modified, had we iound it possible to 
introduce accurately all the European species of fossils. 
But this task, owing to the still imperfect state of dis- 
covery on the subject, but far more to the unhappy con- 
fusion of synonyms, is at present hardly practicable. 
However, not wholly to neglect so important a dalum, 
we shall take advantage of the information conveyed to* 
us by Brongniart, Deshayes, Goldfuss, Dalman, and 
other writers, to compile a numerical statement of the 
most remarkable and ascertained European fossils, and 
to put them in comparison with a corresponding estimate 
# of the existing species. 

Rem aim of Animals . 


In tho strata. 

In KiipertfriiO 
accumulations 

Living 

f'btiniatpd. 

Mammalia 

. 35 

109 

1100 

Cetacea 

. 8 

— 

— 

Birds * 

. few 

few 

5000 

Reptiles 

. 71 

— 

2100 

Fishes 

. 183 

— 

5500 

Insects 

. 74 

— 

100000 

CtruHtafityt 

Ammlosa 

. 104 
. 104 

— 

500 

1000 

Cephalopoda \ 

. 788 

— 

100 

Pteropuda . 

. ft 

— 

50 ? 

Gasteropoda, Zoophag.i . . 

. 107 

r— 

1700 

Phytiphagu . 

. 773 

- 

1400 

ConchiCcM, Braehiopoda 

. 379 

— 

40 

Mcanmynna . 

. 515 

— 

3)0 

Plagymyoiia. 

. 1132 

— 

1 100 

Tmucata t . . 






Radmna 

. 278 


1000 

1000 

Polvparia 

. 470 

— 

* , 





0027 

109 

J 22 1 90 

Plants 

. 540 



52000 


i Distribution of Organic Remains. 

€ 

Number in . The animal and vegetable fossils are very miequaMy 
different distributed. For while some rocks are wholly filled 

rocks. with B hells, others are absolutely devoid of them. Thus 

the forest marble and coarse upper beds of Bath oolite 
are composed of little else than shells, while the sand- 
stones of a vhdle coal district may contain not one. This 
4 does not depend either on the absolute depth from the sur- 
* face of the Earth, at which any rock may be found, nor 
yet upon its relative depth in the series of strata, but it 
is a circumstance established by experience, and of which 
some of the causes remain to be determined. The follow- 
ing Table exhibits the proportionate number of species of 
fossils in all the principal strata of the Worth of Eng- 
v . and, arranged according to their order of superposition. 


Chalk 

Galt of Speeton 1 

Kimineridge clay J 

Upper calc grit ........... 

Coralline oolite 

Lower calc grit. 

Oxford clay 

KeJloway nick 

Cornbrauh 

Upper car bom fern uk series . 

Forest marble slate 1 

Bath oolite j 

Lower carboniferous series . 

Lower oolite 

Lias and marlstone 

New red sandstone 

Magnesian limestone 

Coal system 

Mountain limestone 

Old red sandstone 

Slate system 


Thick ne#B. 
50ft 

No. of foMil 

43 

Ratio. 

SjjOcieB. Fjpot. 

150 { 

%} 

\ 

to 

9 

00 

6 

1 

to 

12 

60 

125 

y 

to 

1 

80 

40 

l 

to 

2 

150 

36 

l 

to 

4 

40 

60 

3 

to 

2 

5 % 

37 

7 

to 

1 

200 

30 

1 

to 

6 

30 

62 

3 

to 

1 

500 

21 

1 

to 

24 * 

60 * 

91 

3 

to 

9, 

850 

115 «, 

1 

to 

7 

? 

none 




215 

30 

1 

to 

7 

3000 

100? 

1 

to 

30 

2500 

200 ? 

1 

to 

12 

? 

none 




6000 

20 

1 

to 300 


Granitic rocks devoid of fossils. 



It is necessary to remark, that the proportions derived 
from the preceding Tabic would apply only in a general 
way to the same strata in the South of England, for 
there the number of ofganic remains in the chalk is, at 1 

least, triple of that in the Table, the thickness remain- 
ing the same, while the mountain limestone is consider- 
ably less rich in fossils. Still less is such a Table to be 
viewed as a representative of the results of researches on 
the Continent, for there the reel sandstone formation con- 
tains a very large suitj^of organic remains, both vegetable 
and animal, while neither have yet been found in this 
rock in England. 

We shall now consider what tire the kinds o f fossils 8,1,< 

which are contained in these various strata: in other 
words, in what order of distribution the fossils are ar- pared, 
ranged in the Earth. 

A great difference between the present system of 
Nature, and that of w hich the relics* are preserved in 
the Earth, is obvious to any one, who considers the re- 
lative proportions of the different classes of each. But 
the most decisive proof of the enormous changes which 
have happened in this respect i.. found by a minute com- 
parison of the families, genera, and species. For except 
in the superficial and comparatively modern accumula-, 
lions from fresh-water lakes, floods, or tides, and in the 
most recent of ali the stiata, scarcely one specimen of 
all the thousands of existing kinds of plants or Animals 
is found buried in the Earth. * 

The Earth contains the records of an ancient system 
of living Nature, which in its great outlines was calcu- 
lated much like that which we now see in operation ; 
but of which all the details were different. TheuuAent 
sea nourished Sauriaus, but they ij[erc not our croco- 
diles; fishes which are generally unlikmthe finny tribes 
of the existing era; innumerable shells planned on the 
same general principles, hut executed to different pat- 
terns. The plants and the Animals of the ancient 
Continents performed the same relative functions as the 
vegetable and animal races of to-day, and formed part 
of a similar combination, but, as the circumstances of 
the Globe are qow not the same as then, the forms and 
structures of its plants and its Animals arc adapted to 
the difference V * 

But it must be obvious that to view the whole mul- Successive 
titude of mxiinct Animals and vegetables as the products 
of one $ncient era, to confound together all the various 8,1 
different strata which were successively the beds of the 1 
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ancient Reas, would be to destroy the meaning 1 of all the 
monuments which Nature has preserved of the long periods 
9 and «W!ce8si*e developements through which our Planet 
passed before the completion of its present beautiful ar- 
rangement. Each stratum was successively the bed of 
the ancient oceans or lakes, and the remains with which it 
is filled were the creatures then living in the waters or 
growing on the land. *Each stratum, therefore, belongs 
to a particular period ; it is the museum or repository in 
which Nature has preserved the plants and Animals of 
that period ; and the Geologist, no longer confined to the 
mere comparison of retent und extinct species, finds in 
the Earth the ptnofa of many successive creations and 
abstractions of life, tunny systems of Nature ; and by 
strict analogy and ample induction looks back through 
a long vista of revolutions, till the view is lost in the 
dimness ami distance which hide the remote epoch, of 
which no evidence remains To show that the Earth was 
then inhabited by living creatures. 

The organic monuments of ancient Nature are either 
of marine, of fresh water, or of terrestrial origin. The 
corals, and by fur the greater number of shells, are 
marine, certain Strata are filled with lacustrine reliquia?, 
and others with the spoils of the laud. 

There is in general the most remarkable and con- 
stant distinction and contrast between the rocks which 
are filled by marine remains, and those which enclose 
tefreMrkil productions. Calcareous strata generally are 
the most richly filled with l fit* spoils of the sea, zoo- 
phytic, molluscous, and \eitebrated Animals ; but they 
rarely contain terrestrial plants. Sandstones and shales, 
on the other hand, are almost the exclusive icpositories 
of terrestrial plants, but, unless they are calcareous, they 
more rarely contain marine cxuvicu. The reason seems to 
be that the \ aleareous strata were deposited slowly and in 
tranquillity beneath the waters of the sea, and thus en- 
veloped the dead* and decaying animals of the ocean; 
while, on the other Hand, the sandstones and shales were 
more rapidly aggregated, in water too agitated to favour 
the accumulation of marine reliquiae. When we find in 
them lew or no traces of land plants, we may perhaps 
presume that the currents to which they may owe 
jheir origin were marine, but when they are charged 
with terns, equiseta. and other terrestrial plants, it 
seems evident that violgnfc land-floods contributed to their 
accumulation. • 

The deposition df limestone by Chemical precipitation, 
would probably happen over a large portion of the bed 
of the sea, and be abundant in propoition to the depth 
of the water: hence ^ic strata ot limestone would thicken 
towSrd t he centre of the oceanic basin. They would 
also be more con&mjed, and of more uniform texture, 
and perhaps of pm-jr composition, in that direction ; *md 
since, from accurate observations of the habits of recent 
marine Animals, it appears that they do not multiply so 
much in the, durjtuess a>f very deep waters as nearer the 
shore, we may conclude thut fewer marine shells and 
corals, &c. should be found neur the central points of 
the basins of strata. 

How remarkably all these conditions agree in the 
limestones of the Alps, which appear to have been up- 
lifted from very deep water, needs only to bg mentioned. 
There, the rocks corresponding to our oolite, are vastly 
thicker, more dense; and’ incomparably poorer#u shells, 
than the same strata toward the borders of the European 
bating And if, m proceeding through Prance to the 
Alps, we atop to consider the Juru, we shall find its 


Oolites, in respect of thickness and baldness, and quautity Uwdotfy, 
of shells of an intermediate character. Cfc t 

On the other hand, sandstones and clays, being Me- Sm *** t +* 
chanical depositstfrora agitated water, should of cquree littoral d* 
be most abundant along the margins of the ancient 
sea, und at the mouths of ancient rivers, where the 
strongest movement of the waters happened. They * 
are essentially littoral formations, and should be found 
thickest, and most numerous, and most varied in cha- 
racter, toward the borders of the basin, where the lime- 
stones are the thinnest. And as the forces of tides and 
currents, however powerful, are irregular and limited/ 
the Mechanical aggregates which they occasion must be, * 
and in general are, more confined and irregular than the 
wide Chemical deposits of the deep sea. ^ 

This supposition likewise agrees perfectly with what * 

we observe in comparing the oolitic system of die JVa 
and the Alps with that ot Northern France and England ; 
tor the clays and varied sandstones which diversify this 
system in the latter Countries, and separate it into many 
distinct groups, are scarcely to lie traced in the Alps or 
the Jura. 

Another case in point is furnished by the carboni- 
ferous limestone series of England. This limestone in 
the South of England is so little div ded by Mechanical 
strata, that in the Mendip Hills, near Bristol, and 
around the Forest of Dean, it is commonly supposed to 
be one thick rock. 

In the North of England it is much and evidently * 
divided, and the number and thickness of the partings 
of shale and sandstone, and coal, increases continually 
North wards, while the totul thickness of the limestone beds 
grows less and less. At the sume time the organic re- 
mains seem to become, if not more numerous, (if point as 
yet difficult tobe determined, )certainly more varied inform. 

The oolitic system of England presents us with an- 
other valuable illustration of the same doctrines. 

The oolites of Somersetshire, (iloueestershrrT^and *1 Jn- 
colusliire form a long range of hills, and are only, and 
that not. universally, divided by partings of clay and 
marly limestone. But as we advance into Yorkshire we 
find these spaces augment, and the widening intervals 
filled up by thick deposits of sandstone, shale, plants 
and coal, which predominate so much in the section as 
almost to obliterate the separated, attenuated, and de- 
teriorated limestones. These, however, are filled even 
more than usually with marine eguviic. 

The concretionary or oolitic structure is, perhaps, 
more decided and constant toward the borders of the 
strata. It becomes irregular, and at length fails in pro- 
portion us the limestone is mixed with earthy impurities. 

At the Extreme Northern range of the degraded oolitic 
system m Sutherland this structure is nearly lost; it is- 
irregular in the impure limestones of York'Jjjjr^ be- 
comes perfect in the homogeneous strata of Gloucester- 
shire and Somersetshire, assumes more compactness m 
the Jura, and changes to dense limestone in the Alps. 

This is exactly what, d priori would be expected to # 
happen. Amidst the turbulence and admixture of the t 

littoral deposits, a process so similar to crystallization 
could happen but seldom and unequally, there would he 
a point at a certain distance from die shore nt which the 
disturbance would prevent regulur crystallization and 
yet would permit of concretion through the calcareous 
sediment, and still further the limestone would lie more 
compact and subcry statl roe. 

Coarse conglomerates, lor similar reasons, would lie 
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moat abundant toward the shores and more local than 
tbe finer sandstones and clays; which also would be 
' most likely to contain the remains of plants, as these 
might be long suspended in the unsettled water, and 
be transported along with the finer matter. 

The distinction here insisted on between conchij e- 
rous and phytiferous rocks , is so important, that we must, 
in speaking of the distribution of organic remains in the 
Earth, consider them apart ; and while from the former 
we deduce tin* ancient condition of the sea at several 
epochs, the latter will furnish us with analogous data 
v from which to reason on the state of the contempo- 
raneous dry laud. 

We shall commence with the Marine Fossils, and 
, investigate the manner of their distribution under two 
Jttwneral heads: 1st, their relation to the Chemical and 
Mineral ogical composition of the strata; 2dly, to their 
relative .a iniquity. 

If tlve marine fossils are distributed in the tocks 
according to their Chemical nature, wc shall find that 
similar nicks contain similar fossils. This is certainly 
the case with respect to the zoophytic animals, for these 
are almost confined to the calcareous stiaia. Corals, 
ami various Animals of the class radiaria, abound in 
the transition limestone, carboniferous limestone, oolites, 
and chalk. 

The remarkable brnchiopodons bivalves, as spiri- 
tera, produeta, pentainerus, terebratula, are also by far 
most abundant in the calcareous rocks. Gnpluese 
and smooth oysters are found in the argillaceous strata 
of the South of England, from the has upwards to the 
chalk. 


The organic remains of the different limestones of the 
oolitic formations have very remarkable general ana- 
logies. 'fbus the inferior oolite and the coralline oolite, 
the fuller's earth rock, and the cornbrash, hold very many 
closely analogous species. Hut it must be remembered 
tliufer I he Unctions of the oolitic system in England 
are in some degree local, and probably dependent on the 
littoral character of the deposits, and that in other parts 
all these subordinate sluita coalesce together into one 
hardly divisible mass of oolitic limestone. The resem- 
blance of fossils in these strata may, therefore, rather 
be the result of their neaily contemporaneous existence, 
than of the mere sinnlaiity of the Chcuncul composition 
of the rock. 


Thc-e are the n\ost remarkable instances of the asso- 
ciation of certain organic forms with certain Chemical 
compounds ; they aie important data to support the 
opinion that, generally, fossil remains lie uear the 
places where the Animals perished. But it is evident 
tha{ these few analogic-, by no mean* establish a general 
law. On the contrary, ^when we proceed to consider in 
this p^oint of view a large number of specie?, the resem- 
blance TTetweeu the organic contents of one limestone 
and fhose of another of considerably different age, is 
very flight and shadowy. And as no other strata than 
the ]jinefit/)n£s exhibit it in a striking degree, it is evi- 
dent that some other cause than the Chemical composi- 
tion of their repositories has regulated the inhumation 
offosaila. 


The mountain limestone of the North of England Gaekgy. 
contains, perhaps, 200 species of animal remains; the Gh*£ 
lias 115 ; and the chalk 43. Now of all the 358 specks 
contained in the mountain limestone, lias, and chalk, re- 
spectively, there is wot owe which is found in two of these 
rocks. Neither of these strata contains a single fossil which 
is found in either of the others. Between the era of the 
formation of the mountaiu limestone, and that of the 
lius, the whole animal population of the sea had been 
entirely changed ; and a similar complete renewal took 
place before the chalk was deposited. And in the 
Southern parts of England the ohalk is covered by other 
more recent strata filled with shells apd other marine 
Animals, entirely clitlerent from all those which lived and 
died before. 

Fuither investigation has demonstrated, that eonclu- Identical 
sions thu> druwn from local researches apply with con- foasiUin 
biddable accuracy in other Situations, even at great dis- rocks oft 
tances where the same strata occur. A catalogue of the samea K t 
corals, crinoidut remains, products, spirifeite, tcrebra- 
t ula', orthocei antes, and Lnlohitcs, of the mountain 
limestone in Yorkshire, may be employed for labelling 
the fossils collected fcom the same rocjt at Namur and 
Liege; ihc lias of VV hiiby contains many of the sume 
ammonites, and the same Sauuaii skeletons as the con - 
tempoi ancons beds ai Lyme, and in Westphalia and 
Wirtcmberg ; and the remarkable echini and belemnites 
of the English chalk accompany that lock through 
France ami Poland to the shoies of the Bakic. 

The same obset valious have been made on the other 
conchiferons strata of England. Each has been traced 
through the Island, and its organic tieasures have been 
e>: | doled at every point, and in this manner satisfactory 
proof has been collected, that along its whole course the 
fossils which it contains aie almost entirely the same. The 
researches of foreign Geologists have demonstrated the 
truth of this law tor the gieater portion of the European 
basin of strata. The figures and descriptions of the 
English fossils are refiured to by the Geologists ot 
France, Swisserlund, and Germany, and no doubt re- 
mains that each extended stratum is the repository of the 
Animals inhabiting the scaMt a ceituiu penod in the 
Earth's iormutiou, exactly as the caithy bed of the pre- 
sent sea now envelopes the remains of its present corals, 1 
shells, echini, and fishes. 

The general puncijde, therefore, which regulates the General 
distribution of oigantc remains in. the Earth may be principle 1 
thus expressed. They are associated according to the ® im * 
periods at which they existed ; and they are enclosed in • 
the rocks which were at those times deposited by the 
watci. And as in ancient times,* much more thun at 
present, the unurml remains over considerable breadths 
of the bed of the Northern .Sea vVtnV nearly identical, 
strata of the same age contain generally ihc same 

L 

because the inhabitants of the ocean were, in the 
course of time, completely changed, the old races having 
been extinguished and new ones brought forward to 
occupy their places, strata of different ages contain 
generally different fossils . 

These important propositions form the groundwork 



Different That cause is the subject of our next examination, of the history of the stratified rocks, and must be ©vfyr 
fossils in the relative antiquity of the strata. present in the mind of the modern Geologist. The 

strata of That a strict connection does really obtain between honour ^of tbeir discovery belongs to Mr. William 
Afferent t | je 0 f A a#J d the organic remains which it con- Smithean engineer of eminence, who, being employed 
. tat ns, is made evident by comparing a few wellascer- in 1790, and the following years, in surveying collieries, c 

tained facts. and planning and executing a canal in Somersetshire, 
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Geolpffy. established the English system of Geology upon the 
€h, 3. following propositions. 

** That the strata are laid upon one another in a certain 
definite order of succession or superposition, may be 
truced in continuity on the surface of the Earth, and may 
be discriminated when of different ages, and identified 
when of the same age,by their imbedded organic contents/' 
Gradual By comparing a sufficient number of fossils from all 
changes in the several strata wfth analogous living tribes, we dib- 
the races of cover thut those fossils which more nearly resemble the 
bemg. C living kinds belong to the strata which were deposited at 
the least ancient period ; as for example, the crag shells of 
Norfolk and Suffolk, the Loudon-clay shells ol Hampshire 
and Highgatc* which are all more recent than the chalk. 

In these situations we find the families, genera, and 
even species of shell-* so similar to recent kinds ex- 
isting somewhere or other in the Ocean, that though 
they are olten vers different from the productions of our 
neighbouring seas, we not the less perceive that they 
belong to u system very like that now established. 

On the other hand, those fossils which present the 
least resemblance to their successors in the modern sys- 
tem of Nature, belong to the older, and especially the 
oldest of all the conchiferous strata. It is in the transition , 
and carboniferous limestones that the singular brachio- 
podous bivalves, prod net a, spirifera, pentamerus, the 
remarkable genus orthocera, the zigzag ammonites, 
the still unexplained tribes of trilobites, the beautiful cri- 
noidea, chain corals, and f'avosites, compose u zoological 
suite, altogether unlike wlfut now exists, a strange and 
antique order of beings adapted to the primeval deep. 

If we estimate the relative periods which intervened 
between the deposition of any given rocks by the 
variety and thickness of marine strata which sepa- 
rate them, we shall find that in proportion to the dis- 
tance of the strata from each other, in proportion to the 
difference ot their ages, is the difference of their zoo- 
logical contents. Thus the fossils of the mountain 
limestone are more different from those of the lias than 
from those of the magnesian limestone. The lias fos- 
sils are wholly different from those in the chalk, but 
partially similar to those in the Bath oolites. 

M. Dee- The principle that the clifferencc of the forms of ancient 
hayes* re*^ organic life from those of existing nature is directly 
proportionate to the difference of the epochs of their exist- 
ence, has been put Jo & severe and curious test by one of 
the best conchologists of France *M. Deshnyes. Passing 
over the primary and secondary rocks, in which no plant 
or animal has yet been found identical with a living 
species, he analyzes the tertiary fossils according to their 
relative antiquity, jtnd obtains the remarkable result, that 
tfle lowest and oldest of the tertiary strata contain three 
and a quarter-pef cent, of species identical with living 
types : that a s&fnd and less ancient group of these strata 
holds eighteen per cent, of such analogues, a third more 
recent group forty-nine per cent ; and the most recent of 
all these deposits contains little else than modern species. 
When wc recollect that all these strata are of u date pro- 
bably anterior to the creation of man and the present races 
of quadrupeds, the results of M. Deshaycs’ investigation 
must be considered as highly valuable data towards 
forming a just notion of the great antiquity of the strati- 
0 • fied rocks, the long periods passed through in their 

production, and in the accompanying changes of organic 
life, the gradual nature of these changes, and the cor- 
respondence of the General System of Naijure at all 
* epochs, even amidst the greatest particular diversity. 

not. VI. 


m 

Some fossils appear to have been in existence only Gdulocy. 
during the deposit of one particular stratum, as for , 

example, certain product®, spiriferie, trilobites, in the 
mountain limestone ; axinusobscurus, in the magnesian iat | c 
limestone ; urnmonites Bueklandi, grypbma incu^va, in gi| B . 
the lias; ammonites callovicensis in the Kelloway rock ; 
ha mites of many kinds in the Gault; unanchytes, spatangi, 
belcmnites muemnatus, in the chalk; rostellaria macrop- 
tera in the London clay ; fusus con t ran us in the crag. 

These are said to be characteristic fossils of the strata, 
and, in general, very great importance is justly attached 
to their recognition ; but no Geologist should permit 
himself to trust to them exclusively, for they* are nSt 
always and invariably present, mid he may be oflen 
culled upon to fix the date of a rock by the help of 
other witnesses. Many fossils are found in more than 
one rock, and the number of these will probably, be 
much increased by further inquiry. Thus in the South 
of England, plagiostoma giganteum occujb in the 
lias and inferior oolite, terebrutula intermedia belongs 
to the great oolite and cornbrash, pecten lens is found 
in the cornbrash, Kelloway, and coralline oolite, astacus 
rostratus and spatangus oval is range through the 
Kelloway rock, calcareous grit and coralline oolite 
of Yorkshire; and mya literata appears in nearly the 
whole range of conchiferous strata from the marlstone to 
the coralline oolite inclusive. 

These tacts entirely overthrow the notion favoured by 
Home Geologists that each rock contains the relic9 of a 
distinct creation of animals. They prove, on the con» 
trarv, that the changes were not sudden but gradual ; # 

uml suggest the hope that hereafter, when the laws of 
the distribution and transference ot the existing marine 
races shall be better understood, and the history of the 
fossil species more complete, the phenomenon may lie 
satisfactorily explained in accordance with the recognised 
laws of Nature, 11 constant in her ceaseless change." 

It is generally observed that where the series of strata Gradation* 
is complete, they ure softened as it were"bfie into ano- of deposit* 
ther by an admixture or alternation of ingredients. Thus, 
for instance, in Somersetshire, the new red marl and 
lower lias clays are sometimes softened into one 
another; and in Yorkshire, the Kelloway rock, Oxford 
clay, lower calcareous grit, coralline oolite, upper cal- 
careous grit, and Kimmeridge clay are so blended at 
their junctions as to render it* difficult to draw any hard 
line of separation. In such cases it commonly happens 
that several fossils of the lowtyr rack are continued into 
the next above, and thus the zoological change is as 
gradual as the mineralogical one. On the contrary, 
when two strata are separated by a hard and decided 
line, as, for instance, the coralline oolite and Kirnme* 
ridjr£ clay near Oxford, we shall generally be justified 
In suspecting that the lower stratum is imperfect, in 
consequence of the removal of its upper b qfo ii^ ore the 
next stratum covered it. In this case the zoological 
contrast between the two rocks is as decided os the 
mineralogical one, and keeping if) vjew the Linn®au 
adage, Nalura non facit saltus, we should be on the f 
look out for some intermediate beds in other place*. 

Such are described near Weymouth, by Sedgwick ; and in 
Yorkshire, have been named the upper calcareous grit. 

The chalk in England contrasts so entirely with the 
tertiary formations above, that we naturally expect to 
find in some other Country beds of intermediate charac- 
ter to connect them. These are found at Maeetricht, 
where a sufocretaewuts, granular rock, intermediate in 
4 » 
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composition between chalk and caleaire grossier, con- 
tains many fossils of the chalk, and several which 
strongly resemble those of the tertiary group. 

Tne researches of Sedgwick and Murchison in the 
Eastern Alps# have brought to light the remarkable 
Gosati beds, which, by these Geologists, are thought to 
be of the same intermediate era. 

Probably more complete researches on this point will 
make known a greater number of such intermediate 
strata, soften the contrasts between contiguous rocks, and 
fill up all the blanks in the harmonious system of gra- 
dually changing marine deposits, characterised by cor- 
responding transformations of marine exuvise. 

The remains of Tkrrestkjal Animals embosomed 
in the Earth are very few, and those of plants bear so 
ipj plants, inconsiderable a proportion to the Flora of the present 
age of the World, as to give us much less information 
concerning the ancient state of the land, than the marine 
exuviae afford of the former condition of the sea. 

But as far as they go they confirm in the most satis- 
factory manner the conclusions drawn from the consider- 
ation of marine remains, of the succession of systems of 
organic nature. The plants which sometimes alternate 
with, and which overlie in immense variety and abundance 
the mountain limestone, are a group eminently distin- 
guishable from those which belong to the oolitic coal 
beds. In the former deposit, lepidodendra, sigillariae, 
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stigmari©; in the latter, cycodeae and samiae; and 
the pluuts of the strata above the chalk are still of a 
different type. 

It would thus appear that the same systems of calca- 
reous rocks which contain the mo9t remarkably different 
suites of zoological remrarma, likewise enclose in the alter* 
nating beds of sandstone and shale plants equally distinct. 

Ah amongst the marine, so amongst the terrestrial 
remains, those most decidedly unlite the modern produc- 
tions of Nature belong to the most ancient deposits. In 
the intermediate portion of strata the discrepance dimi- 
nishes, and in the most recent rocks, the plants strongly 
assimilate to the genera and even species which now 
cover the surface. 

We might 'here examine the conditions of the land 
and sea as to climate during the several epochs of organic 
existence, a subject of the greatest curiosity and in- 
terest, and for which an immense mass of materials is 
already collected ; but this investigation requires the 
statement of details which cannot be here with propriety 
introduced. We must, therefore, postpone the discus- 
sion till we come to treat of the strata and their con- 
tents in the order of their successive deposition. 

We shall then also enter into the history of the fresh- 
water formations which locally diversify the great mass 
of marine deposits, and contribute to elucidate the cha- 
racter of the ancient land and streams. 



CHAPTER II. 

DESCRIPTION OF THE SERIES OF AQUEOUS DEPOSITS WITH THEIR IMBEDDED ORGANIC REMAINS. 


Series of Aqueous Deposits. 

General Havino now stated general principles, useful alike to 
basw of the Geologist who investigates in Un- field, and to the 

r»ck* n * C fibulent who reads in his closet, wo proceed to describe 

the successive systems of aqueous deposits, beginning 
with the lowest of all, viz. those which rest upon granite 
and other crystallized and unstratified nocks. That 
there is such a basis of crystallized rocks beneath all the 
strata, in all Countries, cutting off and limiting our ob- 
servations, and hiding whatever wonders are concealed 
below, is now universally admitted. The subjacent posi- 
tion of granite is so fully established by observation* 
thut even when portions of it are clearly seen to be laid 
upon stratified rocks, no doubt is entertained of its 
« having been in every ca«e ejected from its true source 

below* all the strata. But the same observation^ 
Which so clearly establish this important law, as certainly 
overthrc.w*tkc dogma, once held incontrovertible, that 
granite is always the oldest of known rocks. They 
prove tq.a certainty that granite is of all ages, or, more 
properly speak ivg, that its production has re a fly no re- 
« lation of Ige* to the deposition of any particular set of 
t aqueous strata ; but that it has been produced by 
ageucies entirely independent of them, and only locally, 
and in one sense accidentally, brought into juxtaposition 
with them. This interesting discovery, from which wc 
learn that the production of granite below the stratified 
rocks ha^ been continued, perhaps without intermission, 
during thfe'Nvhole period of the accumulation of the 
strfeta, has greatly changed and improved owr concep- 


tions of the whole system of Geology, and is probably 
destined to clear still more the horizon of this Science. 

But we must be careful not to be allured by this new 
light too far from those inferences concerning the 
age of graiiile which it so propt rly qualifies. It does 
not follow, because some grahite is more recent than 
chalk, that therefore all granite is more recent than 
gneiss and mica slate. It. does not follow, because ' • 
when iti contact with granite veins gneiss may some- 
times assume perhaps more than even its usual granitoid 
aspect, that therefore 'granite is merejy Insect gneiss, * 
that gneiss and slate are incipient granite, and that 
common sandstone may in time become gneiss. 

But it does follow, as a matter of high probability, 
independent of further observation, thut because granite 
has been formed at several periods during the deposition 
of strata, by agencies excited far beneaVh kjid independent 
of them ; and because, in some instancls fragments, unci 
universally the disintegrated ingredients of granite, He 
in the oldest strata, that the production of this rock was 
in progress before any of the strata were deposited ; 
whether those strata now rest, upon that old granite or 
have been forced by subsequent convulsions into contact 
with newer portions of the same kind of rock. 

Whatever theory on the original formation of granite 
we choofce to adopt, it must be allowedThat the igneous r 
action to Which it owes its birth preceded the aqueous, 
which accumulated the lowest strata now observable. 

This b/tfng admitted, two points of f inquiry suggest primary 
themselves with respect to the age of the stfata which strata 
have been called primary. First, are those strata featly 
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theory, the altered deposits of one long period of aqueous action 
Ch. II. prior to all the secondary and tertiary strata, or have 
many repetitions of igneous action primarized, \o use 
Mr. Conybeare's remarkable expression, strata of all 
ages, secondary and tertiary, which happened to be the 
lowest at the points of action? Secondly, may we be- 
lieve, as the title of primary seems to imply, that these 
are the oldest of all tjjie strata, the first that were laid by 
water upon the consolidated igneous crust of the Globe? 
That these questious should be put at all will probably 
appear very surprising to those who have drawn all t heir 
notions on the subject from books of some date, without 
attending to # lhe rapid progress of geological opinions. 

On the first question we may remark, that it must be 
allowed that subterranean heat, operating chiefly by the 
ejection of melted Plutonic rocks, has iransfonncd to a 
certain degree and limited extent, strata of all ages which 
were exposed to this action, and thus made the lias shale 
of Savoy, for example, approximate to the character of 
clay slate hi such cases, lliete can be no objection, we 
conceive, on the part of nnv Geologist to apjidy the 
same term to this change of the rock, which we may 
think fit to employ when treating of the analogous change. 
presumed upon very good grounds to have affected i* 
more ancient times the strata called primary. We may, 
therefore, adopt at once Mr. Lyell's term of metarnor - 
phic , and designate by it all those parts of certain 
aqueous strata which have been transformed in structure 
or appearance by subterranean heat applied since their 
deposition. All strata then may become metarnor- 
phie under given conditions, and may assume, locally, 
some of those appearances which belong, pt.-haps uni- 
versally, to the primary strata ; but are we, therefore, to 
deny the antiquity of these latter? or to group all such 
metamorphic strata together as of indefinite age, and 
merely characterised by proximity to igneous rocks? 
Surelv nothing could be more in contradiction with the 
principle of classification of strata, the relative antiquity 
of their deposition.* We cannot, therefore, agree to the 

# term kypogpne of Mr. Lyell as applied both to granite 
and the strata usually called primary. When applied 
to granite it is sMionytgious with, and may perhaps he 
preferred to Plutonic ; when applied to stratified rocks 

. * its meaning is better conveyed by the term metamoiploe, 
which we shall apply to those portions of ull strata, with- 
out regard to thei# age, which are in the altered condi- 
# tiou implied. • 

but by their The true conclusion on the subject of the first inquiry 
position. then uppeurs.to be, flint we are not to assume strata to 
be of the primary age merely because they appear to 
tyave undergone certain changes, analogous to those 
which gneiss or clay slate have sustained ; blit we must 
determine tliapr *ige by the very same methods as we 
use in uqy olliilr case of stratified rocks, viz. by* exami- 
nation of their position relati\ely to other strata, their 
organic remains, and* their original mineral composi- 
tion and structure. Examined in this way, there can 
be no doubt, we conceive, that the use of the term pri- 
mary as applied to the gneiss, mica slate, and clay slate 
systems generally, defining them as a certain mass of 
strata anterior to the secondary anil tertiary rocks, is 
perfectly correct, because in all Countries where these 

# * rocks occur together, the inferiority of# their position is 

well proved ; and they have those general analogies of 
original composition, and those relations to organic re- 
mains# which would be satisfactory evidence in every 
* other case. Those who reject the term primary, and 



yet retain the use of secondary and tertiary, have con- 
structed a series wanting its first, term. 

The answer to the second inquiry Cannot, pejhaps, 1 
in the present state of knowledge on the subject, be maxyuttrt* 
given with the confidence of assured impartiality. I* theearlieat* 
certainly does not follow that because gneiss, for ex- deposite 
ample, is generally allowed to be the lowest of* the *»ter f 
St ratified groups which we can trace, that there fouy 
not h? other strata of a totally different nature below 
it, partiully or wholly concealed by Plutonic rocks, , 
still less is it evident that such strata, may not havu 
existed, and been subsequently absorbed into t^e 
general mass of igneous rocks below. Geologists of 
eminence appear to think that granite itself is a deriva- 
tive igneous, fi'orri an earlier stratified rock ; and that 
us gneiss is certainly in some respects to be compared 
to partially fused sundsoue, so it may be suppose j that, 
while, above, the mass of strata was augmented by addi- 
tions frotrl water, it was diminished, below, bf the trans- 
forming action of heat. 

Strange as this notion may appear we certainly are 
not at present iu possession of facts sufficient to wholly 
disprove it. But neither are there any facts to raise it above 
the rank of a general speculation grounded on particu- 
lar and local alterations of stratified rocks. It cannot, 
therefore, be admitted for want of sufficient evidence, 
and, perhaps, the following considerations will justify us 
in rejecting it. Many of the primary Rirata undoubtedly 
are derived from the disintegration of preexistent gra- 
nitic rocks. The character of the organic remains fo 
these strata is in general so remarkably contrasted with 
those which at present exist, that, joined to the diminu- 
tion and final extinction of their numbers as we descend 
in the series, and the almost perfect identity of their 
characters over immense geographical ureas, we seem 
really to behold iu them the first terms of organization, 
the earliest records of the establishment of life upon the 
consolidated crust which overspread thejuse^i mutter 
within the Globe. 

However, without plunging further into premature Condusiuw 
speculations of this nature, we shall content ourselves admitted, 
with the admitted conclusions. 

1. That there is u sequence of age to be traced 
through all the stratified rocks, which inav, thereto! e. 
be very justly grouped in any suitable number of suc- 
cessive divisions, as primary, secondary, and tertiary, 
and that these terms, if convenient, are not improper, 

2. That the series of stratffiefl deposits, whether we 
know their first terms or not, were laid upon a general 
basis or floor of Plutonic rocks. 

3. That the term primitive, whether applied to ig- 
neous or to aqueous deposits, must be abandoned, • 

affirming what is not, and perhaps cannot he 
proved. , 

4. The alteration of strata by general igs*e*i* agency, 

or by the locdl contact of melted rocks, being an effect 
wholly independent, both as to cause and pcripri, of th* 
deposition of strata, must be treated iq connection iviui 
the other effects of subterranean heat. • * 

Governed by these considerations, the succeeding part § 
of the Treatise will form two clearly marked division* : 

1st, the description of the products and operation* of 
water through all geological periods to the present time ; 
and 2d, a similar account of the products and operas 
tious of heat. 

Exceptions to this rule will occasionally occur where 
it is necessary to notice the changes produced by lgne- 
4 n 2 
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Geology, cuts agency in the condition of the bed of tin* sea, and 
€h, ll. other circumstances which indue need the character and 
extent of the aqueous deposits. 

Zo the follow mg description of strata, we shall retain 
the general titles of Primary, Secondary, and Tertiary 
Strata, and divide them iuto several systems according 
to certain properties, or in agreement with their elective 
associations. The reasons which have determined the 
mode of arrangement in each caseVill appear Jn the 
history of the several systems. 

x Primary Strata, 

r System of Gneiss and Mica Schist. 

These strata, derived probably from decomposed gra- 
nitic rocks, with several subordinate and associated 
strata, all devoid of organic remains, constitute, accord- 
ing to the concurring testimony of geological observers, 
the lowestigroup of the whole series of Neptunian de- 
posits. From the elFects of heut upon these rocks, 
their natural analogy to granite is sometimes so nfticlt 
heightened, us to cause some uncertainty in distinguish- 
ing between them. The rocks of this whole series 
might without impropriety be termed granitoid strata. 
They are usually called primary, sometimes primitive 
strata. We use the former term in the same sense 
nearly as that in which M. Ornalius d’Halloy employs 
the title primordial, and intend that it shall be under- 
stood to include the following system. 

System o f Argillaceous Stale. 

In this argillaceous series, which includes the whole 
mass of the slute rocks of England and Wales, lie the 
most ancient organic remains yet discovered. The cal- 
careous slitiesol Caermarthenshire, the black limestones 
of Norway, the shelly limestones of Shropshire, Dudley, 
and the Kyfel, belong to this division, which is geneially 
known by the teini of transition strata ; u title which is 
found t'OiitfnTtfcut, but considered by many modern 
writers too theoretical to In* often employed with pro- 
priety. We shall chiefly employ it to designate the lime- 
stones of this period. 

Secondary Strata 

as they occur in Europe. It is probable that other 
modes of arrangement will be found necessary for other 
regions. 

* Syslt7n of Carboniferous Strata. 

Containing a very large series of sandstones, lime- 
stones, shales, coal, and ironstone, with abundance of 
marine exuviae in I he calcareous portions, ami a profu- 
sion of terrestrial plants in connection with the coal. The 
lower part ot the system consists principally of red sand- 
stone, the middle of limestone, the upper of coal shales 
and sand&l£&?s. The limestone has been long known 
in Eitgiund by the name n( mountain limvstone. 

* System of Saliferous Strata. 

' 4 ¥ 

We have ckosen this title, because rock salt is exclu- 
sively found in these strata in England, and is espe- 
cially abundant therein throughout Europe. This re- 
markable mineral is,' however, found, though not iu 
Britain, in several other parfa of the series of secondary 
strata. 

Red and white sandstones with red, white, and blue 
clays gypsum and rock salt, constitute the mass of this 
system • and locally enclose two principal calcareous 


rocks, the lower one usually charged with carbonate of Ctadogy, 
magnesia, the upper one a shelly limestone not known Uh. ft 
to occur in England. * s ^*/***-' 

System of Oolitic Strata . 

Consisting in England of several distinct groups of cal- 
careous rocks, alternating with clays and sandstones which 
are often calcareous, the whole remarkably rich in marine 
exuvire, with local interpolations of terrestrial plants and 
coal deposits, and one estuary lormation. 

The lowest limestone group is usually argillaceous, 
the others are mostly nearly pure carbonate of lime, and 
very generally oolitic. On the Continent many of the 
minute distinctions of these rocks disappear. 

System o f Cretaceous Strata . 

Chalk with argillaceous marls and layers of nodular 
flint, form the most renuirkaWe part of this system, and 
it graduates below to green, grey, and ferruginous sands, 
with layers of nodular schist, rich in organic remains. 

i 

Tertiary Strata. 

These form, properly speaking, only one great and 
various system of sands, cltiy and coarse limestones, 
stored with great numbers ot marine exuviae always very 
analogous to, und iu the most recent group identical 
with existing species, loeullv interstratihed with fresh- 
water deposits of marls, limestones, und gypsum. 

\bove all these systems ot struta lies a \ariety of 
tumultuary deposits apparently pi od need by violent 
action of moving water during and subsequent to the 
elevation of tile tertiary strata, and enclosing iu abun- 
dance the remains of extinct qtiaduipeds. These are 
termed Diluvial Deposits. 

Lastly, we have the products of modem rivers, lakes, 
and tides, or general I), the deposits, whether chemical 
or mechanical, which have been effected by water acting 
as it now acts, and where it has acted, suue the last 
great revolutions by winch the relative level of land # 

and sea lias been changed. Tlu’se are called Alluvial 
Deposits. v 

Range of the Primary Strata. 

At all periods in the history of Geology, persona of study of 
enlarged views have passed over t,he limited areas of mountains, 
particular Islands and Kingdoms and have sought to , 

connect the results of their local inquiries with those 
drawn from similar researches elsewhere. t In this point 
of view the long chains and insulated groups of moun- 
tains become of the highest interest. .These lofty peal^p 
on which the snow rests for ever, whose rocks contain 
no vestiges of life, may be imagined h^ln^e stood up iu 
ancient times above the level ot the watlrs, dividing the 
primeval deep into seas very different from those which 
now brunch off from the Ocean. 1 And though this sup- 
position is probably inaccurate, though , modern re- 
searches render it extremely credible, that in fact the 
mountain ranges, fur from limiting the ancient sea, and 
altering the nature of its deposits, were really raised 
out of ite depths M periods comparatively recent, this 
does not diminish thejjr geological importance. For if 
by means of thig uplifting we are made acquainted with 4 
some of the materials which would otherwise have been 
concealed from the eye of Philosophy, these mountain 
ranges mult be studied as the basis ot the whole system 
of Geology, . ■ • 4 
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Gfloloffv. They form, so to speak, the skeleton of the Earth, and 
■ are the marking features of its topography ; their insu- 
lated groups characterise Kingdoms, their long connected 
chains divide the races of mankind, and define the 
geographical limits of the distribution of land animals, 
To the Geologist they have become still more interest- 
ing in consequence of a remarkable general law of their 
physical structure. For in all climates of the Earth, 
under every conceivable variation of external circum- 
stances, the principal ranges ot mountains are every- 
where composed of similar rocks, and those originally 
the lowest, and in partial least the oldest, with which we 
are acquainted. By what violence from below they 
have been uplifted to their present heights, so as to 
break through and rise from beneath the strata v\ hich 
were superimposed upon them in succession, is a capital 
question in Geology. 

These rocks are the primary strata of gneiss, mica 
schist, slate, and their many associated strata, the depo- 
sits of water, resting upon and often pierced by granite 
and other crystallized compounds from fusion. Aii out- 
line of the mountain groups and chains which diversify 
the face of our Planet, seems, therefore, the best Inunda- 
tion lor a systematic view of the strata which rest 
against these rocky barriers. 

1. 'elation* of It has long been the fashion to attempt to establish 

mountain certain geometrical relations among the chains of 
ranges and mountains, to refer them to particular parallels and pre- 
^Mnips. dominant directions, but this labour, unconnected with 
Geological researches, seeing to have been very fruitless. 
Perhaps it would be more correct to say the essence of 
the geographical relations amongst mountains U irregu- 
larity. For though we speak of* long-continued chains 
and belts of mountains, it is very certain, in fact, that 
10 be assembled in gioups is the real character of moun- 
tain association, and that the chains and belts are 
nothing but approximated groups. A Geological Map 
is in this respect a most valuable instructor; from it we 
see that, instead ot the •plains being insulated among the 
mountains, instead of the upper strata appearing in 
small contracted patches like oases in a desert, they 
spread wide, and flow rout^l the bases nl the mountains, 
us the Ocean encircles the islands and emit incuts. 
• •Among the tew general remarks on this subject we 
may observe, that the most insulated and many of the 
loftiest eminences on Wirt surface of the Earth are the 


• volcanic summits ; the most connected ranges of uni- 
lormly high ground are formed by the secondary lime- 
. stones. Finally* that the general outline of Countries 
is much influenced by the direction of their interior 
mountains. • 

kurojHsin The Scandinavian chum, commencing at the North 
lusiu. Cape, runs puraljpd *> the coast of Norway, and gi\es off 
branches to* the tfast which puss round the (iulY of 
Bothnia. The line of the Scandinavian chain may be 
imagined to cross the sea to Zetland, and troin thence 
to proceed by the Hel/ridiau Isles and the North-West- 
ern half of Scotland to ltclaud, where it is much 
broken into separate groups in the North, South-East, 
und South-West of the island. The Isle of Man, the 
South- Western part of Scotland, the Cumbrian group* 
the broken mountains of Wales, and those of Devon and 
Cornwall, are so many separate protube winces of the 
exterior rocks of the Earth, which, with Bretagne and 
the North of Spain, compose the interrupted Western 
f border of Europe. • 

* The Pyrenees, ranging to the East, may be considered 


as tarrying on the primary range toward the Alps* 6 ta»toiry. 
which hold so long a course from the shores of the Me- CK 
diterranean in a winding direction to the Danube,, and 
seein to prolong themselves in the inferior ridges of the 
Carpathians toward the Black Sea and the Caudbsua. 

If, now, we consider Caucasus as continuing the Alpine 
line round the Caspian Sea to the lofty Paropamisan and 
Gaur mountains, and from thence turn Northward 
along the summit of drainage including the Sea of 
Azof, we come to the Uralian chain, which leads us to 
Nova Zemblu, and thus we find nearly all Europe, 
and a considerable tract in Asia, enclosed within thi* 
irregular circle of primary mountain groups ; and it may 
often hereafter be convenient to speak of this space as 
the European Basin. It is within this region that the 
greatest variety of st tut ideation has been observed. 

W ithin this area are the primary elevations of. the 
centre of France, the Ardennes, the Vosges, the Black 
Forest, the Thuringcrwald, the Hartz, and trie Bohe- 
mian Circle ; South of it are the Sierras of the Spanish 
peninsula, Corsica, Sardinia, the Apennines, the Dal- 
matian ridges, und the mountains of Greece and Mount 
H ami ns. 

% The mountains of Africa are long, unconnected ranges. 

Allas borders the Northern shore, a range parallel to 
the Equator determines the course of the Niger, and, 
perhaps, the prolongation of it defines the drainage of 
the Nile. Tlufehigh land about the Cape runs in various 
directions. 

Another basin of about equal extent, but more per- \nuitic 
fectly defined m its boundaries, and more uniform in its buBin*. 
interior composition, is that greut Siberian tract which 
lies f o ttie East of the Uralian, and to the North of the 
Altaian, Yablonoy. Stanovoy, and Kamschatdaje moun 
tains. The vast Empire of China and Tartary lying to 
the South of the Siberian basiii, and to the North ol the 
Indian Empires, may be considered as a third great but 
divided basin between the Himala und Altiuivu-heigjits. 

The peninsular Indian regions, with their islands 
stretching toward New Holland, Persia, Arabia, derive 
their features from considerable primary mountains di- 
rected more parallel to the circles ot longitude ; the 
Southern part of Africa is similarly defined by the long 
ridges of mountains which run from Cupe Guard afui in 
the East, and above the sources of the Congo on the West, 
to converge about the Cape of Good Hope ; while the 
greatest breadth of this penmsuluted comment, frpm Cape 
Verde to Cape Guurdafui, is arfmTdent with the high 
mountains of Kong, Donga, and Southern Abyssinia, 
und the North-W estern projection is caused by the ele- 
vated Atlas. 

The .interrupted system of primary mountains which Principal ' 
extjentfs from the Pyrenees to Behring’s Straits m&y be lim * ul 
supposed to continue in the long and magnificent Cor- ' immnfttin * 
dillera parallel to the whole Western coasts oi*AWfc*ricu, 
while the North-Easter^ shore is parallel to the Alleghany 
and its Northern connections, and between these and 
the Western Cordillera, life vast basin oPtfie Mississippi 
pours its waters into the Gulf of Mexico. The Eu stei n * 
projections of the coast of South America, winch is in a • 
certain degree correspondent to that of Africa, arc owing 
to lateral extensions from the great Western Conlilieru. 

Though the above enumeration and classification of 
mountains he extremely imperfect and subject to many 
objections, U answers the purpose intended, which was 
to show that the leading features of our continents, their 
geographical extent and connection.!, are dependents 
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fhelinesof mountainous land, and as these are const!* 
t»Hed o( the lowest and oldest stratified resting on gra- 
ttittp rocks* it generally happens, as Mitchell foresaw, 
that in every (ountry the secondary strata are arranged 
With’ reference to the lines of mountains. 

An entirely new kind of interest has lately been given 
to this subject in consequence of the researches of an 
eminent foreign Geologist. Elie de Beaumont, from 
considerations of some observed accordances between 
dhe direction of mountain chains and the geological 
era of their uplifting, has advanced the hypothesis that 
these two circumstances are always mutually dependent; 
and, iti consequence, supposes that all ranges of moun- 
tains which were uplifted at the same period are parallel 
to one and the same great circle on the sphere. This is 
not the place to examine this curious question as fully as 
it deserves, and wc shall, therefore, only mention some 
of* the cases in which this ingenious Geologist supposes 
that the^Tuth of his doctrine may Ik.* recognised. 

If a greut circle be conceived to pass round the Earth 
through Natchez and the mouth of the Persian Gulf, 
and the directions of mountain chains be compared with 
it, it will appear that the Pyrenees, part of the Apen- 
nines, the Dalmatian and Croatian ranges, and part of 
the Carpathians, are parallel to it. Now m accordance 
with some researches of Geologists. M. <lc Beaumont 
supposes that all these mountain chains were thrown up 
at the same geological epoch. Nearly parallel to the 
same circle are the Alleghanies of North America, the 
Gants of India, and the Puropamisan heights; but further 
information must be acquired before we can be usked 
to admit that these mountains may have been thrown up 
at the same epoch. 

Another circle may be traced on the sphere parallel to 
the Alps, from the Valais toStvria, and to this svstem we 
may refer t he Atlas, the Caucasus, the Balkan, the 
Hi mala, &c. ; and, according to the hypothesis of M. 
de Beumaurt, these must have been all raised at so late 
a period us since the^deposit of the tertiary strata. 
This subject will again attract our attention. 


Gneiss and Mica Schist System. 

Principal This consists principally of the two following rocks : 

roc sot the a rock composed of the same mineral ingre- 

gneiss and , ' , , 

wuca schist a»ents as granite, but laminated and stratified; 

system Mica schist, composed generally of quartz and mica, 

in alternate layers. 

With these arc associated, and often intermixed, 

Quartz rock , generally appearing like a soini-crystul- 
line or imperfectly granular mass of quartz, variously 
modified by small interspersed quantities of mica, fel- 
spar, &c., sometimes more compact, and resembling the 
w quaftz of veins, in other examples mixed with clay shite. 

Crystallized limestone mostly granular. 

a magnesian rock generally distinguishable 
by its softness, smoothness, and bright mottled colours. 

Steatite, a still 4 softer and smoother rock than serpen* 
tine, generally of whiter colour. # 

PoUtone, a soft, often grey or greenish magnesian rock. 

4 . Hornblende schist, a laminated rock of hornblende, 

variously modified by felspar, mica, and chlorite, gene- 
rally In alternate lamina?. 

Chlorite whist, a roek almost precisely similar to 
mica schist, with the exception of the difference between 
chlorite andmica. It is subject to the same contortions 
4 as mica schist, and pastes like it by insensible gradations 
v ,. to gneiss end day slate. 


Talc schist , mentioned by M'Culloch, is another q£. ^eok»v. 
the fissile rocks which differ from mica schist only by , 
the substitution of one mineral for another. It is rare, 

With respect to the order in which they succeed one 
another, nothing very definite can be advanced. The 
greater number of observations concur in assigning to 
gneiss the lowest place in the system, a conclusion sup- 
ported by its evident analogy to granite, and in the 
same generul way we may, perhaps, place quartz rock 
and chlorite schist in the upper purt of this system, and 
next to the clay slate, with which, indeed, they are often 
associated. Limestone and serpentine are so irregular 
and peculiar in their occurrence, that though, perhaps, 
their era is more definite than that of any other of these 
rocks, they can scarcely be employed to mark a geo- 
logical dale In some district or other nearly ull these 
ancient rocks alternate with one another so variously 
and unequally, that what would be called the oldest rock 
in one region may be the youngest in another, and, 
therefore, if is no wonder if the attempts which have 
been made to divide the gneiss and mica schist system 
into several distinct formations, have wholly failed. It 
is not till zoological evidence is brought to bear on the 
subject that we are able to demonstrate completely tilt* 
relative age of strata, by distinguishing different deposits 
and different ages of the same kind of rock. 

That the materials of the mechanically aggregated Cluciw. 
gneiss rocks, of the whole senes of strata, in fact, except * tB 
the calcareous rocks, arc derived from the disintegration 
of more ancient granite and other crystallized compounds, 
is an opinion which is strongly impressed upon every 
Geologist while examining the composition of gneiss. 

The ingredients of gneiss and granite are the same, 
quartz, felspar, and mica ; they are mixed with the like 
accidents and permutations, and occasional admixture 
of other minerals, and are subject in both to the same 
extreme variation of size. But these rocks di tier in the 
most essential point of view uudei winch they can be 
compared, viz. the mode of arrangement among their 
constituent masses. The ingredients of granite are 
so connected together by contemporaneous, or uearly 
contemporaneous erystaili r 5ctiuii, that one substance 
penetrates and is united into another, and we are com- 
pelled to conclude that they were accumulated together . 
not in distinct pieces ready formed, but that they ac- 
tually never hmt a separate txietence as solids until 
their different properties were developed by crystalbza- * 
lion from a fused mass. 

On the contrary, gneiss well characterised shows evi- 
dently, by some degree of wearing of the edges and 
angles of the quartz and felspar, .* and much m or/? de- 
cidedly by the laminar arrangement of the mica, and 
consequent minute stratification liffghe rock, that its 
materials, ready made and crystalliziU, were brought to- 
gether and urranged by some mechanical agent, princi- 
pally influenced by gravitation, in fact by water. Could 
any doubt remain on this subject after a sufficient ex- 
amination of gneiss strata, in all their gradations from 
a rock resembling granite to a fine grained fissile mass, 
hardly distinguishable from day slute 9 it would be at 
once removed by comparing them with a suite of mum!*’ 
stones, many of which, like gneiss, ate composed of grb- / 

nilic debris* and strongly allied to it in structure, bdt 
most evidently aggregated by yratar* 

In \great majority of instances, gneiss rocks imme- 
diate! yfollow granite ; being then composed of the ma r 
termls of that rock which had Buffered the least degree' 
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ftt waste and abrasion, it is no wonder that on several 
occasions it should strongly resemble its parent. Andif 
we allow, what may probably be true, that the heat of the 
granitic nucleus was then sufficient in some places mate- 
rially to affect the consolidation of the strata on the bed 
of the sea, we shall perceive another cause why the most 
ancient mechanical strata approach in character to the 
Plutonic rocks. , 

Though the disintegrated materials of granite com- 
pose almost universally the substance of gneiss, frag- 
Meats of granite are most rarely discovered in it. This 
circumstance, combine^ with its numerous laminae and 
crystalline aspqft, seems to indicate that the aggregation 
of gneiss happened without any great degree of tur- 
bulence or lateral motion in the water. It may, perhaps, 
lead us to suppose that in those early periods the 
fluctuating temperature of the bed of the sea contributed 
sometimes to accelerate tlfe aqueous decomposition of 
the granite, and afterwards at intervals to harden its stra- 
tified materials into gneiss. 

Gneiss beds are of extremely various thickness* and 
the laminae of which they consist are subject to such 
extraordinary curvatures, that it ip often very difficult to 
trace them. 

Where other rocks alternate with gneiss, as hornblende 
slate or mica slate, the stratification is rendered very 
evident, but otherwise the beds are less regular, and are 
often discontinuous, as in micaceous sandstones and in 
argillaceous slates. 

The contortions of the laminre of gneiss are observed 
to be most numerous and surprising, where, a- fre- 
quently happens, veins of granite, quart/, or felspar 
divide this rock. These veins cioss the lamina* at 
various ungles, and generally cause some peculiar twists 
along their sides ; they not unfrequently insinuate them- 
selves between the lamina*, and in this case, when thick 
and extensive, nyiy he mistaken for alternating strata 
It is probable that .many eases of supposed alternation 
between gneiss and granite may be thus explained, and 
thut in other cases the rock called granite may be really 
a coarsely granular gneiss, whose particles have been 
very little moved by wateui or unusually affected by sub- 
sequent application of heat. 

Gneiss being one of the most extensive stratified 
rocks is a rich repository of minerals, both in the Now 
and the Old World. * Warnets frequently, zircon, beryl, 
disthene, epidote, tourmaline, rutile, oxide of tin, oxide of 
irniqsulphmct of molybdena, more rarely, are disseminated 
in its lamina*. • The veins of quartz, calcareous spar, 
carbonate of iron, and sulphate of barytes, which divide 
it,qpntuin the sulphu rets of lead, copper, and zinc, native 
silver, tin, &c. ( Brazil , Humboldt,) and many oilier 
minerals occur if tJle calcareous strata which alternate 
with or are enveloped by the strata of gneiss. 

Gneiss alternates with granite in the llcisengehirge 
and in Quito, and in sotfle cases graduates into the cha- 
racter of granite, as bn the Southern declivity of the 
Titlis and Jungfrau ; (Humboldt ;) more frequently it 
exchanges beds with mica schist, hornblende schist, and 
granular limestone and clay slate. r i hese rocks are 
sometimes in such small quantity as merely to mark 
lines of division ^n the mass of gneiss, hut at other 
\imes they swell out 16 great thickness. The limestone 
beds in particular are remarkably h»cal a ltd irregular in 
iheir occtmenee* and instead of extending, like j|he more 
recent calcareous strata, through large tracts of' Country, 
appear iu tlie iiwm of large lenticular masses, enveloped 


on every side by the predomhtalit rocks of gneiss. Tito* 
term subordinate , on n great scale, is not improperly 
applied to these lenticular rocks, though in local Otology, 
their occasional great extent and comparative regularity 
may entitle them to be classed under an itidepeAdent 
title. Thus Charpentier arranges the granular lime- 
stone of the Pyrenees, 

By the substitution of hornblende tor mica, gneiss 
gradually changes to hornblende schist; the loss of its 
felspar approximates it to mica schist, the diminution 
of its mica produces the resemblance of quartz reek. 

A finely granular state, with more evidence than usually 
appears of walery friction among the particles? almost 
transforms gneiss to sandstone; a more minute admixture 
of its ingredients, with a predominance of chlorite, 
gives it the aspect of argillaceous slate. Jn all these 
cases great caution is required, and its geological rela- 
tions should always be consulted before deciding on the 
name of this Protean lock. These gnulathnra happen 
most frequently at the junctions ami alternations of the 
several rocks. % 

Mica schist, like gneiss, appears to have derived its in- Mica schist 
gredients from the destruction of granitic rocks ; but it * tB °dgb>- 
^generally contains but little felspar. May we conjecture • 
that this mineral, which is easily ucted on by ordinary 
agents, was itsell decomposed during the disintegration 
of the granite, and mostly dissolved, leaving rile quartz 
uud the mica .to be urranged by the w afer in the alter- 
nate layers which render this rock so remarkable? 

The lamination of this rock is subject to much un-* 
evenness, in consequence of the irregular size and 
arrangement of the pieces of quartz, and the undula- 
tions thus occasioned on the micaceous surfaces, are often 
further modified by interspersed garnets. Brides thk 
minute inequality, the lamiuoe of mica slate are liable 
to the same contortions and curvatures as those ot 
gneiss; the same difficulty often occurs in tracing its 
beds, similar and \ery numerous veins uf.qMartx tra- 
\erse and mingle with its layers, and when in contact 
with granite it is locully penetrated by similar granite 
veins. 

Various minerals are similarly disseminated through Minerals, 
it, as garnet, emerald, beryl, disthene, tourmaline, felspar, 
epidote, hornblende, columbium, molybdena, rutile, oxide 
of tin, wolfram, oxide of iron, .grey cobalt, native gold. 

Its metallic veins are of the same nature as those iu 
gneiss; it alternates iu the same way with quartz rock 
and the other slates, and encloses similar deposits of 
limestones. It seems, therefore, almost superfluous to 
say, that the line of rigid distinction between the mica 
scliist and gneiss can only be drawn in the closet.' Yet, 
in faction a great scale the two rocks retain their tvpical 
clyir;*ters over large tracts of country, and must he 
considered apart. 

Quartz rock, in the greater number of instairCfe$T$eems Quart * 
a more recent deposit than mica schist and gneiss, ™ck. 
though indeed, by an easy change of % its composition, it 
becomes nearly ideu^cal with them. Tibs circumstance, 
combined with the internal evidence of textuie, seems * 
to decide the question of the origin of quartz rock, and • 
to prove that, however altered by subsequent igneous 
action, it is originally a Neptunian and mechanical de- 
posit. The degree of Compactness ‘which it exhibits 
varies through a large range, in some cases approaching 
the loose granular character of sandstone, in others 
the density of the quartz of veins. In this lat^ 4wa* it 
seems that the mass is composed of fragments so 'firmly, 
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Gsotogy unUCit ft* to suggest the idea of iheii having been fused 
Cfc» «: together since their deposition from water. Perhaps, 
'*t*S/*»*' ,<j3Nt»*jn some cases, what has been considered as quartz 
flick maybe really an expanded or overlying; vein. 
Mtafttslt* In' South America this rock is the repository of many 
rich ores and metals. Native gold is found in Brazil 
in a stratified rock of quartz, and micaceous iron ore, 
which is suspected by M. Eschwege to be the original 
repository of diamonds, and appears to be intimately re- 
4 lated to quartz jock* The flexible quartz of the same 
country is a granular rock with drusy cavities containing 
topaz and amethyst. (Brongniart.) 

Crystiiline Crystalline limestone is in general observed tobestra- 
* limestone, lifted, frequently to alternate with gneiss and mica schist, 
origin. an( j j s therefore a Neptunian deposit. Its frequent high 
State of granular or saccharoid crystallization may per- 
haps be due to changes operated since its deposition, and 
« partly occasioned by the action of subterranean heat, 

of course more sensible in the lower than in the upper 
calcareous deposits. 

i It is difficult to imagine that such a rock could be 

formed by crystallization from water, often in lamina 
exceedingly thin and regular, and alternating with evi- 
* dently mechanical deposits. That the calcareous matter* 
of many rocks, at first precipitated in sediment, has 
been since arranged in crystalline and concretionary 
masses, is certain. Thus the oolitic structure, thus the 
crystalline cement of the Lincolnshire oolites, has been 
^occasioned. These effects, it is now known from artifi- 
cial trials and from observations in Nature, are more de- 
cisive when heat and pressure operate upon the par- 
ticles. By this combination, the earthy sediment of 
chalk is condensed into crystalline limestone. 

The deposits of crystalline limestone, whether dis- 
tinctly stratified or not, are in gerteral detached and 
limited, and so entirely enveloped in the strata of gneiss 
and mica slate, as to compose but a subordinate memlier 
of tho&e eirtenvled formations. This fact appears to in- 
dicate that in the earliest* periods of Neptunian opera- 
tions, the precipitation of calcareous matter was occa- 
sioned by agencies of a more local and limited nature 
♦han those which produced the broad strata of lias, 
oolite, and chalk. 

May we imagine that the accumulation of these nu- 
cular or lenticular masses was determined by local 
developements of subterranean heat, which directly, by 
change of temperaluie, or by intermediate chemical 
agencies, might render the calcareous matter insoluble V 
However we may seek to explain it, the fact is un- 
doubted, that during the aggregation of the gneiss and 
mica slate systems, a large quantity of calcareous sedi- 
ment t was deposited, not in one uniformly extended 
Stratum, but at scattered points, and in unequal quantity. 

' And this i rregularity of deposition continues to be ob- 
served^m an inferior degree in the limestones of the 
, clay slate system, which are often lenticular, but above 
this poflnt, when tke influence of the internal heat must 
be supposed leks intense and more equally diffused, the 
4 calcareous strata become at once more abundant, more 
* regular, and more uniformly extensive. 

Minerals. Though primary limestone be, in fact, ,a simple rock, 
its aspect admits of many variations from the unequal 
admixture of other mineral substances. Of these the 
moat frequent are mica, talc, and steatite, the latter of 
which often eommtmicates a green or mottled colour to 
the whole rock. Orfitofo W aogite, (Time,) garnets, 
and felspar, (Col. de Bonhorame,) occur in it in some 


O G Y, 

places, and tremolite and argilluceotis state lie upon its Cfndoirv. 
ia mime. It sometimes assumes a brecciated Character, as tt 
if composed of limestone fragments, and more rarely 
contains fragments of rocks of the gneiss and mica 
slate system. 

It is the fruitful source of statuary and architectural 
marble, contains a great variety of minerals, and is 
locally traversed by veins of quartz, felspar, and granite, 
and by veins of cobalt, galena, iron. 

The limestone associated with gneiss and mica slate Contain* n« 
is usually, perhaps always, destitute of organic remains; or K #l f ie 
while part of that associated with clay slate almost in- remmiu* 
variably contains shells, trilobites, or Cora’s. The gneiss 
and mica system may therefore be considered as hypo - 
rote, or beneath the strata which contain reliquiae of 
life; while the clay slate system is clearly cpi 2 oic % or 
within the zoological era. But this distinction, when 
applied to such vast thicknesses of rock devoid of these 
remains, and variously alternating, is rather doctrinal 
than practical, and being founded solely on a comparison 
of the calcareous strata, we shall so restrict any use 
which we may find it convenient to make of these terms. 

They are besides theoretical terms; for if we suppose the 
crystalline limestones devoid of organic remains, to have 
derived their peculiar texture from changes subsequent 
to their deposition, under the influence of subterraneous 
heat, it is possible that the absence of organic remains 
may be often a consequence of this change. This is 
possible ; at the same time it must be owned, that cir- 
cumstances hereafter to be mentioned concerning the 
limestones of the slate system above, appear strongly 
confirmatory of the hypothesis which these terms in- 
volve. 

What observations lemain to be made on the other 
rocks associated with gneiss and mica slate will be found 
in the following section. 

Districts of the Gneiss and Mica Schist System . 

The extent of Countries occupied by gneiss and mica 
schist with their associated rocks is enormous ; and there 
are few districts of sufficient if.Ta where granite appears, 
without being followed by these deposits. But ttie 
order of their succession, and their relative thickness, • 
ore very uncertain. In some districts gneiss, in others 
mica slate, in others quartz rock, "make up the whole 
visible system, and are immediately succeeded by clay » 
slates. There are even cases where the whole system 
is wanting, and large areas of granite Sire immediately * 
invested by clay slates and limestones containing organic 
remains. In England, for example, gneiss and nrica 
schist, and primary limestone, and quartz rocks, are 
almost unknown; but in Ireland, anftjipecially in Scot- 
land, they are abundant, and include among them 
many gradations, chlorite slate, talc slate, hornblende 
slate, &c. 

In Cornwall and Wales the granitic rocks are almost 
universally succeeded by modifications of clay slat* ; and 
though in Cuml>erl»ml the granite of the river Caldew is 
indeed covered by rocks, having the character of gneiss* 
mica schist, and dark hornblende $late, (provincially 
called whintin,) thfcir area is inconsiderable, and the,, , 1 

latter rock sobn changes to clay Mate, At a place called 
Martiudale, at the Eastern foot of Caldbeck Pells, is a 
fine-grained variety of gneiss in very thin* straight la- 
nd me. 

Granite veins are rarely known to divide any of the 
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(Oology, racks of this region. Quartz rock occurs in the Lickey 
Ch* U- Hill wear Bromsgrove, and gneiss and quartz tuck were 
found by Mr, Homer bordering the granite of the Mal- 
vern Hills. * 

The general order of succession among the primary 
strata in Scotland may be represented in a diagram as 
in pi, i. fig. 12, but it must be remembered that all the 
terms of the scries, arc seldom coexistent in the same 
vicinity. 

GmtisB iu Gneiss is abundant in Scotland, particularly in the 
Scotland. Northern and Western parts, and being exceedingly 
variable in composition, is very often uudistingmshable 
from mica schist, und^r which head apparently M. Bone 
has preferred to class many of its varieties. 

Gneiss constitutes almost *the whole mass of Iona, 
Three, Coll, Rona^and the Hebrides, and enters largely 
into the composition of the Zetland Isles, which are 
in Rome measure to be viewed as a prolongation of 
the Hcbridinn group, as* the Orkneys appear to be 
an extension of the Eastern rocks of Caithness. 
Hotisa, Burra, Whalsny, Out Skerries, and Yell, and 
the Western parts of Fetlar and Unst, and part of 
the Mainland of Zetland, are gneiss. The remainder 
of the Mainland is principally <yica slate, and the two 
rocks are partially separated from each other by an in- * 
terrnpted deposit ot limestone. The gneiss is oiten 
pcirphyritic, as in Unst; at Jlagrasattervoo (Uibbcrt, 
Edm. Phil. Ji'itr. v>l. ji.) it appears to contain masses 
of granite as well as to be traversed by veins of sieuite 
amt talcuse granite. Kaolin is derived Imiti it iu the 
Mainland and in Fetlar. Gneiss exists likewise in the 
Orkneys around the granite of Slrornness. (Bou» : ) 

lu the Hebrides this rock changes often 1.0111 the 
typical mixture of quart/,, felspar, and mica, by I he 
substitution of falcose minerals and hornblende to* mica, 
by the omission of the quartz, and hv the inter lamina- 
tion of argillaceous schist. Some varieties are ex- 
tremely slaty, and suffer rapid decomposition ; others 
approach nearer to granite, and present mde and naked 
surfaces and precipitous faces, wilh few biooks and little 
alluvium. The direction of the strata in the Hebrides 
is North- East and South-West, but the declination is 
obscured by frequent contortions, which iu Maccul loch's 
opinion are most frequent in the viemitv ol the granitic 
veins which divide al! the gneiss locks, except those 
which are associated with clay slate ; and the drawing 
which he presents ofVI* contorted lamina* of gneiss and 
hornblende slate, in connection With ramifying granite 
veins, near Cape Wrath, seems to justify his views. The 
lamitun of gneiss arc often peculiarly bent, or apparently 
dislocated along the Hue of the veins ; and sometimes 
masses of this rock are curiously enveloped in their 
substance. 

The veins arcane* often filled with granite of the or- 
dinary kind. but with a compound rock, in which felspar 
highly predominates, so as to form in several places 
(Harris, South Uist, fttma, and Coll) a real graphic 
granite, which* in Ooll contains garnets. Veins of 
quartz, occasionally metalliferous, likewise traverse the 
gneiss of Coll and Tiree. Garnet, rose quartz, zircon, 
hornblende, epidotc, fluor spar, iron pyrites, and sub 
phuret of molybdena, occur in the gneiss. 

Mica schist i$*not abundant in the Hebrides, but in 
* •Rona, Coll* and Tiree, it alternates universally with 
the gneiss. 

Gneiss occurs in many places, as round the^gronitic 
mountains of Braemar and Lachin y gair, at Kincardine 
! , you yi, . „ , 


in Robs- eh ir#, and othei paints in the extreme North of GsoW 
Scotland ; but the most abundant and imerekting d^ 
posit adjoins to the granite of strontian. * : , 

It forms the beautiful and picturesque region around 
Loch S unart, which strongly resembles the Trosftchs , 
of Loch Katrine, being equally rich iu wood, and re- 
markable for intricate confusion of rugged surface. 

The curvatures to which its lamime are here subject 
are very numerous and extraordinary, veins of quartz* 
felspar, and granite are extremely common, garnets 
abound in it at certain points, nud the metalliferous 
veins with carbonate of btrontian, fiarmotome and 


remarkable calcareous spar ar$ highly interesting. On 
the Eastern side it is bounded by porphyritic masses* 


but in other directions appears to be overlaid by mica 
schist, to which its composition approximates. * 

But the principal part of the Highlands is occupied Mtca. schi«t\^ 
by the mica schist formation, whose strata, ranging with * n 
more or less regularity North-East and South-jjVest, not- • 

withstanding the interruption to their continuity by the 


unstratilied rocks of the Braemar mountains, and the 


groups of Ben Cruachan and Ben Nevis. 

The South-Eastern limit ot this vast deposit is the 
line of the foot of the Grampians from the Forth of 
Clyde to Stonehaven. Deposits of red sandstone, lias 
and a carboniferous part of the oolites border the East- 
ern coast from the River Spey to Duricansby head, and 
extend through the Orkneys j rocks of igneous origin, 
associated with the preceding, mostly occupy St. Kilda, 
Skye, Rum, Eigg, Mull, parts of Avdnarnurcliaii and 
Morvern. Within these, limits, and with the exception 
of irregular masses ot igneous rocks and of gneiss, the 
w hole ot the vast space belongs to the mica .slate system, 
wi.! its included quartz rocks, limestones, serpentines, 
potsLonrs, its associated hornblende and taleoue slates, 
and its overlying clay slates. 

The mountains of this system of , rocks are formed 
into little gioups separated by deep valleys and long 
lakes, and their bases being usually and thickly covered 
with birch, underwood, and j^metinries with forests of 


oak, while their summits rise often more than 3000 
feet above the lakes, the beauty of the scenery is admi- 
rable. Scenes, indeed, of an alpine character are very 
rare in Scotland, and, perhaps nowhere, occur except 
in the Cuchulhn mountains of Skye and the granite 
peaks of Arran ; but very grand, and imposing effects arc 
produced by the combination of narrow woody defiles* 
pieeipitmis slopes, and rocky crested summits. The 
general outline of the mountains? is pyramidal, but this 
form, elegant at a distance, is broken on a near survey 
by fantastic piojections. and bare cliffs, and by nunie 
runs channels, which after storms are changed into a 
multitude of waterfalls. The valleys destitute of lakes 
ary usually wild and barren, and covered with scattered 
rocks. 


Several of the most remarkable \ alleys in uieTIigh- 
lands follow the ranges of the strata, as for example, the 
extraordinary valley of lakes which pro united *by the 
Caledonian Canal w^ose highest summit *is but 90 feet 
above the sea, the valley of the Spey, Glen Tilt, Loch 
Tay, Loch Long, Loch Fyne, Loch Awe. M. BoutS 
observes, that the longitudinal valleys are remarkably 
narrow as if nfere slits in the country, while the nume- 
rous transverse valleys are in geueral more widely 
expanded. 

One of the roost interesting vaHeya in Scotland *3 
Glen Roy, rendered classical by' U accwltoefe'* dew»rbt% 
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Transactions, Two narrow, parallel, 

puoafc terraces, perfectly level and continuous along 


¥< r a wbOte length of the glen, mark the higher part of its 
’ itwMering slopes with a Singular and most, surprising 
'* fcharacter, the effect of ancient local operations of level 
Water; most probably an included lake, whose lofty barrier 
at first subsided a little, and then gave way altogether. 
It has been with less probability conjectured that these 
lines are the traces of the ancient margin of the sea, lett 
uninjured during a subsequent elevation of the whole 
country to the, extent, perhaps, of 1000 feet. By the 
natives of these wild regions they have been traditionally 
Supposed to be the warks of man in the fabulous 


Ages. 

As might be expected, the forms of the mountains, 
and especially the shape of their summits, is considerably 
characteristic of the kind of rock which constitutes them. 
Cofhpare, for instance, the irregular head and broken 
slopes ohfthe (.’ohler and other mountains of mica slate, 
with the smoother sides and less angulated chloride: top 
of Ben Lomond, ami the conical summits of quartz on 
Benan, Schehallion, and the Paps of Jura. 

Neither are the leatures of the valleys and waterfalls 
independent of the nature of the rocks which they tra- 
verse. The unequal hardness of mica slate, iu purlieu-* 
lar, is often evident in the rapid streams, by singular 
hollows and pits in their course, and deep cavities under 
the cascades. A waterfall near Loeli Kara Head exhi- 
bits this feature very remarkably. 

The most important point of view under which mica 
slate can be considered tnmerulogically, is the well- 
known variation and entire change of character to 
which it is subjected by alteration in the pinportions and 
pennutatum in the natuie of its ingredients. It cannot 
be thought surprising that a rock, constituted probably 
of the debris of many granitic aggregates, should he 
extremely various in its composition. M. Bone is of 
Opiniou, that we may observe on a great scale these 
vuriatfiumHodse dependent, on the general principle, that 


in proportion to its antiquity or prn\mnt\ to granite, 
mica schist becomes more Jelspathic and more quart/.ose, 
iu fact, more like gneiss ; and on t lie contrary, that in 
proportion ns it recedes from the hindamental rocks, it 
becomes more talcose, more chloritic, more argillaceous 
in fact, more like clav slate. 

Examples of gneiss-like mica slate are found iu Lien 
Tilt, Daln.icardoch, and many other points of the Blair 
Athol Country, near Tyndrum, and sparingly around the 
granite mountains of Arran. 

Iu some, specimens (Glen Hoy) it appears composed 
of little else than mica folded and twisted round garnet 
crystals, in other cases (Ben Nevis; the garnets form 
almost distinct layers. In some eases (Glen Hoy) the 
, white mica and quartz form very smooth and atfen/mted 
lamina*, iu others (Trosaehs, Loch Earn) the quartz is 
m thick "irregular plates, which mark one of the grada- 
tions to quartz rock. 

Quartz rocks gnd quartzose mica slates are seen, in 
the North of Scotland, in Moidart, along Loch Shiel 
and Loch Eil, and the Eastern side of Loch Linn he. 
Above the granite of Glen Tilt, quartz rocks abound in 
Ben y glo6» and several mountains round the granite of 
Brasmar, and may be well studied in the valley of the 
Brmr ne&r Blair. They reappear in Mount Alexander 
and on the aides of Loch Rannoch, constitute the py- 
ramidal summit, of Schehallion, and. on the borders of 
the granitic dt$tr( <rf Ran^pch Heath are traversed by 


granitic and porphyritic veins, Farther West the 
Island of Jura is distinguished by the obtusely conical v jjjM* , 
quartzose mountains called the Thxps af Jura, and tha.-- 
same rocks extend into lsla. Dr. Ilibberif has described 
the quartz rocks in Zetland.* 

Talcose and chloritic slates, bolding an intermediate Talcos© 
minera logical character between clay slates and mica jJ 0 *® 8 hi 
schists, also for the most part occupy the intermediate 8co ** w, “* 
geological position. They may be well studied on the 
banks of Loch Lomond and Locti Fyne, aud several 
points on the South slope of the Grampians, where they 
are often rich in quartz, and remarkable for minute un- 
dulations and greater contortions. t Chlorite slate is also 
found in the Long Island, and in Eetlar and Unst. 

The. mica schist of the Highlands very generally con- 
tains gurnets, which are ot various size and occur 
under diUercut circumstances. It seems difficult to 
explain the very common association of garnets with 
mica schist and gneiss, exci pt by admitting that, this 
mineral is one ol the effects of heat applied to those 
rocks since their deposition. 

Hornblende rocks, especially hornblende slate, occur Uomhlend 
in various combinations with mica slate. Hornblende shut* in 
is seen plentifully in (j^len Tilt, and is much traversed Scotland, 
by granite veins, on both sides of the Pass of Killicrnn- 
kie, South of Schchullion, North of Ben More, in the 
upper part of Loch Lomond, and under Ben Gruachau. 

Serpentine, a rock whose geological relations are very Seqientin# 
imperfectly understood, occurs in Scotland at many m 
places; accompanied generally with talc or steatite, and illK ‘ 
diallage rock. It is said by Hone to be most frequently 
placed among the upper beds of talcose slate, though 
occurrences of serpentine, in small quantities accom- 
pany the limestones of Iona, Glen 'fill, Harris, and 
Ttree. \\lamilloeh ) On the South M<ie of the Gram- 
pians it occurs only at Oort acini* on the North INlt. 
imt through the North of Scotland its localities me more 
scattered (Near Dnmnadroclnt, near Inverness.) The 
serpentine ot Poitsny, stud to he employed in some 
of the apartments at Versailles, hum- *‘ three vertical 
beds,” one of them enclosed between hornblende rocks, 
a not tier between hornblende rocks and pi unary lime- 
stone, and the third between,, q.utrtzose tale shite aud 
mica slate, whuh is coveie.i by beds ot limestone, horn- 
blende slate, and talc slate, aud the junction of all 
these rocks is softened by a mutual exchange ol ingre- 
dients. Iu Seal pa, an irregular, highly inclined bed, one 
bundled yards thick, of serpentine traverses the gneiss pro- 
montory of the lighthouse, and exhibits at its boundaries * 
against the gneiss abundance ol hornblende crystals, 
layers of talc slate, and a sublami tinted slimitunv It. 
contains steatite, asbestos, &c. The granite veins here 
observed traverse both the gneiss and its included Ser- 
pentine, and in the latter rock talc v s t^iperaddcd to the 
ingredients of the vein. 

Serpentine exists also in Lewis, and occurs in Zet- 
land in considerable abundance and beauty, both in the 
Mainland, in Fetlar, unci at Bnssa Sound in Unst, 
where it contains chromate of iron in sufficient abun- 
dance to be of considerable value in commerce, w 

Potstone is found in Glen Elg opposite to Skye, and 
in the serpentine of Scalpa. But the most remarkable rock 
of this kind is found at St* Catlmnu fs near Inverary* 
on the opposite side of Loch Fyne. It is imperfectly* • 

slaty, and has been employed in the erection of the iuaft+ 
sion of the Duke of Argyle. Bond also adds as locali- 
ties, tto$4i9trU$ts of Stmthearn and Breadalbuue* 
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Primary limestone. One of the most important of 
the subordinate or interrupted rooks which diversify the 
vast surfaces of gneiss and mica slate in Scotland re- 
primary mains to be noticed. So much has been before said on 
hmestoaa the composition ol this rock, that we shall here dwell 
u> C4> chnatty on the question of the relative apes of the differ- 
ent deposits In (he absence of organic remains, we can 
only examine the associated rocks, and the text me of the 
limestone itself. The white nun hies of Iona me found 
in a system of locks hj some lcferud to nma slate, but 
considered by Macculloch to be gneiss The variously 
coloured ramble ot r I iree with its imbedded augile and 
hornblende lies m n system of ulleruatiug gneiss and 
mica slate. Thatot Gl&n Tilt, c harac tensed l>y Us accom- 
panying tremotttcR, lies in a qflurt/ose mica slate, a* so 
crated with hornblende slate Notwithstanding the 
want ol agreement in character between the limestones, 
and the more important diflucnus between tin rocks 
which cm lose them, some ^eologi&ts think these lime- 
stones are of the same age 

llnuf, following up tin notice b of Macculloeh, traces 
the liu- ol tin Glen r Filf linn stones to the Ka«t and to 
the West (u tin Wc Kern dructioir tluv pinfeed from 
Gem’s bnd«e, uossmg the Inlb it Eude, tending to- 
waid tin South pa* ms through fin (Jjen of Frucastle 
arid across the \ dlt> of tin r Jnrnel It is conjectured 
th it limestone of the same range continue by Mount 
Alexander, and tin biM of Schchalhon, from whence it 
proceeds through tdcn Lyon to the side of Loth Taj, at 
tin foot of Hoa Lnuts lerppears in t rit n Lunch, at 
tin entry of fjfphth I Ml an to" the Wist of East Tin bet, 
in knapdalc, and the head of the \ alltv of CVot 

Eh tward from (ilin Tilt, this limestone is traced ill 
the <om si of the North ] sk, and in the v alley of the 
Die in ii lira m n iS,< 

Soi\tmsi\t a 1 mge of him stone rocks in thedrrec 
lion of the sti ita ol mandate, sterns, indeed, to rcquiu 
no addition d < udt net of it* bung throughout a con 
lunporamons (ie^nvut The linn stones on Loch Lag 
gnu and Loth l-.il In (uuint , and .it numcious other 
points m Muidecnshirt are rtinud b> Horn 1 to the 
same ua 

\ se ond r nitre of himstoms 1 \ mi* elmflv m aigil- 
* laceous and ihloiitu \ unties of mica ^Idt i- consi 
dtrod b\ tin same author to hi of nnne imul muni 
Tin points are mu Blurgovvru, at the fool ol Hen 
\ orlich on the Noitl. mcU of Loch Lan Balquhiddci, 
Invcraiy, kmtpddlc , and lorn ,pid the Imioloncs of 
BulahulSh, ( umaiow, and lJdmalk, as will as those 
which nm from Buharin to Bainti, an classed with 
these more ncuit lrmestoius 

Perhaps the relations betwu n # all these porn s nmy 
nof have been coudetk asti i tamed In every attempt to 
trace a cnnttmpwaytQu s Urn through the older strata 
devoid of organic# remains, nine h must la* tuntud to 
vague nnnlitgicK , but theie Moms excellent it ison for 
admitting that these cah n/enus locks, like* those which arc 
more peifectly ti<ufd,amoiig the newei strata, we j re the 
produce of a few definite ptuods, and not mere* irre- 
gular formations having no relation to each other in 
reaped of time. 

The granite of the Isle of Man u* followed by very 
little gnews, mica slate, and quartz rock. The mica 
•slate in traversed ^by veins of quartz and schorl, (Hen* 
slow, GeoL Trans ) 

The older strata of the North of Ireland may be con- 
sidered as m part a prolongation of those of Scotland 4 
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thus tbe extensive formation of mica slate iu London ofastey. 
derry and Donegal is on tbe line of the dbam of tbe m<T£ 
Grampians, continued through Jura and Islai and the 
clay slate ridges which border tbe Mourue motuUains, t 

run in the direction of the Mull of Galloway and the 
clay slate chain of the South of Scotland, while between 
these two systems of slates arc carboniferous limestone, 
red sandstone, and other strata of newer origin, COtfne** 
s ponding to those which separate the analogous chains hi 
Sc otland. 

The mica slate rocks arc principally of file talcoab 
varieties without garnets, but prodncnfg hornblende. 

Deposits of laminated primary limestone of different^ 
colours, containing talc, quart/, hornblende, or pyrites, 
with veins of quart/, chlorite, and 1 alcareous spar, occur 
in the mica slate, 111 many parts of Antrim and London- 
deiry Hornblende slate likewise forms distinct beds in 
the in if a slate of this region, and felspar porphyry is jle- 
scnlxd under the same circumstances (Berber, Geol 
Tram ) * 

In the South-Eastern pait of Ireland, granite ts ex- South 0* 
tensively seen, and imca blate forms two ranges along its Ireland 
Eastern and Western boundary, and wherever it occurs is 1 
m direct contact with the granite On the Eastern side of 
,<he granite it runs in a urn row course North-East and * 
South- West, dipping steeply South East, and consists of 
alternate layers ol mica and quart/ of extremely variable 
thickness On the Eastern brow of Rochdown Hill 
mica slate runs into n natuial hollow ot life granite, 
still retaining the North Last and South West direction 
f* ,4 s sti \ta On Manila IIill it is singularly and fun- * 

<«stwall) ' onloiUd on the mall scale There i> a pro- 
longation of the body of mica slate at the head ol (llen- 
inacanass, gradually narrowed in its Western piuiritss, 
and constituting awtdge-hke mass, inserted into tin 
body of the gidiutt, and enclosing a seeming be cl ot gra 
in tc *i\ to ten y mis m width, besides incgular misses 
of giamte incorporat'd with the slate In the same 
\iunuy greenish, siadt , talc ‘‘late lies imbedded in llu 
1111c \ slate, and is usul foi \ailom purposes of '“lire T ltec- 
tiiu and sculpture *"*■' * 

In (ik tun ilui occms a remarkable instance of decided 
alle 1 nation of granite and mica *luk mule r tin nnistanccs 
vtiv favourable for its display In a spue ol 
fitlmms no 1 c s th in five distinct alternations of gia- 
nit u bids with a<> many livers of mica slate, are 
ilc ark tiacal, jnd stverai of these beds me compound, 
or 1 e all v made up of similar alter nations of eianite and 
mica si it« , or quait? and mica ^slak* J he great musb 
ol giauite is L low , and the great mass ol nuca &late 
above c onsutnting the hill called Liigdulf Grenutite 
abound m ibis si \U 

SmuLi nlut nations occui ui other neighbouring 
pi u < • rnakin ta a total ihn k ness ot wie-third of aamle 
aiAl the w hole svstem range b North F]ast and South-West 
and dips South-East On the North-Kuat thev pr 4 bahh 
abut, and terminate against the granite The maa 
slate on the summit of Lugnaepullu m likewise inter 
stratified with granite, c'lav slate boynds it on the 
East, and at length eonnng into contact vvitk the granite » 
cuts oft its further progress to the South » 

On th^ Western side of the granite the nwa slate w 
still less extensive, Xt is found to enclose beds and 
elliptical masses of granite rn Glemsmaule , and it h 
mentioned that a granite vein* four to eight inches wide, 
tanging 2 b° North of West, cuts off the mass of aUei 
anting strata, without occasioning any displacement* In 
4*2 
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are two distinct beds of compact green* 
porphyry in the mica slate, one four feet wide* 

' the other two feet Andalusite abounds in the mica 
alate of this country, and greenstones of various kinds 
alternate with it. 

Tiie frequency of the phenomenon of alternation be- 
tween mica slate and granite is a singular feature in the 
Geology of this part of Ireland, for the full display of 
which we are indebted to Mr, Weaver. (GY ol. Trans. 
vol. v.) 

The tract of old rocks in the .North- Western part of 
France is oncsnf the most extensive in Europe, The 
granite, generally the most elevated, is separated from 
the secondary strata by a system of gneiss and mica 
slate, and by another system, into which they pass almost 
indefinitely, of clay slates. In the Departments ol Cal- 
vados and La Mancha these two systems appear as 
zones around the granite, the gneiss being within the 
clay slate, Quartz rocks of blue colour, and pegma- 
tites will tourmaline, are associated with them, and 
veins of quartz and granite traverse them. (I)e Cau- 
mout, Geot, du Calvados.) 

The granitic masses of the narrow chain of the Pyre- 
nees having been uplifted in much confusion, are very 
irregularly bordered , in several places they are overlaid 
Dy gneiss and mica slate, but generally by the clay slate 
scries. Charpcntier, a disciple of Werner, thinks the 
gneiss of the mountains which border the \ alley of 
Souhui, scr intimately connected by gradation and alter- 
nation with the subjacent granite, as to hr necessarily 
united therewith into one formation, in many instances 
gneiss and granite are described as alternating in ver) 
thin layers. In other eases vast blocks of micaceous 
gneiss of 100 cubic tat boms* bulk are buried ut inter- 
vals in granite, always preserving one constant relative 
position" or direction of strata. These are thought by 
Charpcntier to be of contemporaneous origin with the 
granite, which passes into them at the sides, and thus 
interlamimites the gneiss. 

Mika State 'lirihe same manner, is intercalated with 
granite ill It great rmmy^/hVces, and quartz and felspar 
bauds occur in the granite. In many places in the 
Pyrenees the “ granite*’ contains beds of stratified gra- 
nular limestone, (such as in other districts lies in the 
gneiss,) with graphite, talc flu or spar, mica, liorn- 
tdende, &c. 

The more modern view of these phenomena is that 
they are quite consistent with the doctnne that granite 
is an igneous, but gneiss and mica slate originally 
aqueous rocks, and that in some cases what is called 
granite, is in fact gneiss with the aspect of granite, de- 
rived from a more than usual condensation and greater 
effect ot heat, M. Hone, Dufrenoy, and other writers, 
have .proved beyond a doubt the powerful action of heat 
it long the Pyrenean chain, as evinced not only by the 
usual jsubcrvfitalliue character of the clay slates, but 
also by the metamorphism of the chalk into the characters 
of primary limestone, with abundance of metallic and 
gfnnititi veins -the line of junction of the altered 
stratified and the igneous rock. The age of the eruption 
of granite along this chain is, by observations of Du- 
frenoy, determined to be, at least in part, posterior to 
the chalk. 

It is extremely probable that the same kind of expla- 
nation wf II be found to apply equally to the alternation 
of granite and slates in Ireland and Cornwall, and to 
thi alternations pi porphyry" and slate in Cornwall 


N orth W ales, and C umbria. It is to be remembered, how- wWfe 
ever, that the igneous theory, as it has been termed, does w 
not by any means require that dll these beds of seaming 
granite should be pronounced to be altered gneiss, ribr 
that the beds of porphyry should be considered as 
altered clay slate. Alternating igneous and aqueous 
action is perfectly intelligible, and exemplified in modern 
operations of Naitire ; but certainly in many cases, both 
in Cornwall and Cumbria, it appears the more correct 
view to suppose a gradual and partial rearrangement of . 
the materials of the rock, through the long action of 
heat This would well agree with the indefinite bounds- , 
rics of the porphyries of Cornwall and Cumbria, which 
often pass by insensible modi.ications into ordinary 
slide. 

The great central plateau of old rocks in France from , central 
which the Loire, Vienne, Dordogne, &e. take their ^ rwlcti - 
source, is childly a granitic and porphyrilic tract, sur- 
rounded by oolitic and carboniferous rocks, but clay 
slates and gneiss rocks ap}>ear m the \ alley of the Vienne, 
and occupies a large part of the Southern boundary. 

Near Limoges are alternating beds of granite and 
gneiss, and some subordinate beds of 'pegmatite and horn- 
blende rock : the gneiss passes by one variation to granite, 
by another to mica, slate' The ranges of the strata near 
Limoges are North-East and South-West, and they are 
crossed by decomposing cl van courses to North North- 
East. Tin veins occur near Vanlry in gneiss as well 
as in granite. Towards the borders of the district the 
gneiss becomes less granitic, more assorirtpd with horn- 
blende slate, and encloses deposits of ^BJcaceous lime- 
stone. Serpentine lies in this gneiss in many places, and 
M. Cordier appears disposed to refer them all to one 
contemporaneous, though interrupted deposit. The peg- 
matites and kaolins, which have resulted from them by 
decomposition, of St. Yricux, form numerous veins and 
strings in the gneiss and hordfclende slates, which some- 
times intercalate themselves between the latnime. Quartz 
rock of bluish colour exists likewise in the. Blac^ Moun- 
tain and elsewhere. Oxidulated ,»ron abounds at many 
points m the gneiss; galena, phosphate of lead, carbonate 
of copper, antimony, and hematite, arc the products ol 
the veins. (Desnoyers.) 

The most remarkable alterations of secondary lime- * 
stones take place, according to Dnfrenoy, along the line . ^ 
of junction with the granitic and porphyritie masses. 

Thus the lias and oolite become, metamorplnc, and arc 
traversed by Metalliferous veins, as in Cornwall and # 
Brittany, where the slates arc metalliferous principally 
m the same situation. 

After these details of the circumstances attendant on Other Uy 
gneiss and mica slate ^it so many interesting points, we 
shall only add some general observations on the range " WS!U P®’ 
and extent ol this system of rocJs f jn other Coun- 
tries. Gneiss and mica slate in Hartal! quantity occur 
ill the Vosges, and gneiss more abundantly in the Black 
Forest. * 

The long irregular chain of the. Alps ^contains a vast 
quantity of gneiss and mica slate, variously extended 
around the talcose granite cores of Mont Blanc and 
St. Gothnrd, from the Mediterranean almost to the 
Danube.' * 

Deeply buried beneath the valley^ of the Danube! 
gneiss and mi(?a slate do not reappear around the granitic * 
origin of the Carpathians, Their place I« supplied in 
this* chain by a yast deposit of ofay slate. , ; , 

The primary mountains Which encircle Bohemia 
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Geology, on all the Southern half granite. Gneiss and n^ica 
Oh lb slate are superadded on the West, and the former rock 
in particular abounds in tfic Erzgebirge, The Ricaen- 
gebirge granite w bordered on the North by gneiss, on 
the South and Enst by rmca slate, and these rocks arc 
associated with granite m the range which divides the 
drainage of the Oder and the Elbe. 

These rocks are most extensively spread over the 
Northern parts of Europe, from Copenhagen round the 
Gulf of Bothnia, along, the Era ban chain toward the 
Caspian Sea and the Caucasus 

In In America, Humboldt describes gneiss as less abun- 

ix-i dant along the high chums of the Andes than along the 

inferior mountains of (.r\cas in Oionoko, ltra/il. New 
Spain It is occasion illy aurderpus and eontuns mica 
ctous, primary limestone Tin most consider able masses 
of mica slate mentioned by this distinguished true llu 
aie those of the Cordilletu of the shore of \en( 7 uil« 
This formation in the \ndcs is less iau in the North 
than m the South of the Ecpntor No whete ptihap^ 
is the total suppression of mu aside* formations more 
frequent than m the C ordillt ias ol \ltxuo and Suith 
Amenta f 

Tile Eastern prim try i injc of North \mcnei passes 
through the I uitid Sta < 1 from • *d Giwrence to f fit- 
Missis ippi m a dirt i non nc u ly p iwdh 1 to the c o isl, and 
generally 100 nulls d tun from it 

Gneiss is tin in extensive of the primary strata in 
the Northern Sun*, ul \mni< a, tilling huge tiacts in 
New Hmipshm, \I is> u bust tts Connecticut the High 
JiudsofNtvi \ oik IN nu \Iv una, V r irginm, Ac uid the 
Southern l niiutu It rttuns in general its place nc’t 
to tin grimlt and is i f t< n mm (ceded by hointluulc 
rock It c out mis d< po it of pnmir\ him done cal 
cireon, sindstonc,’ and m severd pints limmiUd 
plumbago ndiilrni zn on, nngnetic iron ok 

It is tiuuiscd by veins ot giuiute m Hud ] in lull o r 
Iwryl, s hoil and other muni d 

Mica slate is k*s extensively pit- a 1 uid octopus a 
unrimvei course nu M iss u huseits Cumccti ui 1 < 
Ilighl mds 

Tab use 'kites succeed audgimnlu In u ton u pc i 
in range*. above it in (onmctuut Ihnn \Knui mi 
Marylind It is often muaesiinoi doiountic m M om 
( bust tts and Connecticut 

Quart/ rock occurs in the Western t * l M i 
t husetts 

{fait Sj/s/ m , 

Inversely It may he taken is a ^cncrd rule tint l lit two sys 
projwrtional tetns of rocks which c omposi the p unity sti it » m 
ill!!'! inverHcly pioportnnml toe uh other t ouutrns win li 
feicaachwt a hot#nd with gneiss* and inn i kJiisI nc indeed seldom 
quite devoid of clay slate , but tiny iKo seldom contnu 
it m great quantify^ f On the uintraiv whcie 1 1 iy side 
is extremity auburnl nit, gneiss and mica dm nu It* c \ 
tensively developed This is at least very much tin i l'-e 
in the primary mouiUbinswhuh sun omul and diver-uly 
the baton of Europe * « 

In Scotland the Grampian ranges, mid, in t ict ill the 
Northern primary strata of that Kingdom, ait pnttn- 
paUjfc* Composed of mica schist and gneiss, while day 
slates prevail almost exclusively in the Sou them chain 
pf the Lammermujr and Galloway aanges As hefote 
observed, the mica slate system m Ireland indistinct from 
the clay slate tract. The Cumbrian granitic rocks ar 
surrounded by clay ftlaty$ ip great plenty and # \fcnrty F 





but there is little gneiss or tmea elate* The name w 
observed in the large primary tracts of Waletb Devon* 
and Cornwall* and it to a characteristic feature ip the 
Geology of the Harz. 

For the purpose of clearly unfolding the relatione pf k 

tlit* various argillaceous, calcareous, and cotoglotttCMjlc 
locks wind compose the vast and variable mafls of the 
clay slate system, it is desirable to fix our attention upon 
some district where the variety of the rocks is Consider* 
able, and the order of succession is perfectly known. 

Such is the district which overlooks the Northern Eng* 
hsh lakes. We shall, t harder e, describe it as a type of 
the clay slate system, and refer to it as a Constant term 
of comparison 

The granite of Skiddaw is covered by gneiss* and 
hornblende slates The* latter rock gradually changes 
to the dnastolite slate and other argillaceous slate of 
Skiddaw. The argillaceous slates here commencing 
form a series of three rnunbtrH, distinguished bv thop 
nuncralogical chniacters and a constant order of sue rot- * t 

sion Sec pi i IH. * 

The lowest late roAs of the system range to the Barkloweifc 
South West from Hiddaw and SichMelmck by (insdale * 

Pike to Dent Hill filling the vulliysot ])< ? vveutwatei and # 

( lufnmock w iter South Wes t of Butfcrmeu , they arc 
c met alt d by the elevated ranges of High Steel and Red % 

Piky but rcapitu in tin lowci parts of Fnncidale, and 
abut against the limestone border neai Egiemout 

The slate of this district is genenlly of a dark bluish 
colour, and of \tr\ uniform fixture, soft, fine giained, 
and verv fissile and has been employed m the vicinity 
of KcsvmlK and Iliskct N* w mar ktt foi roofing bouses, ♦ 
but f oi this use it is not urv suitable, tor it easily 
ptrshes in the itniosplure In consr epic nee nf its 
WHU of dur dnlity the mountains of this slate hive 
smoot he i coutoms more urnlorm slopes, and a jnoa 
ve id ml surl u e tlun those of the following set its 

In one ] omt on tin South W^sti rn edge ol Derwtnt- 
w it e i wc hive observed an undulated variety of this 
side of pdti colour md more* shining snrf ices, indi- 
c iting ui appioach to the natme tTr^ehlorue sidle 
t InistoliU is irnhc ddid in the lower p irt of the rock in 
Skidd iw and Bowst ilc l'ell Where tins slile bhows 
i*m It by the suit s ol the 1 ikes its 1 inmne appear to be 
gtmrilly vertical und often fhxuois \em«of quartz 
m fiiqmntly m e n pc netr ltmg and mte r laminating its 
m i sts In sever i\ place tin y ye A fllnind nice of load 
ore and in the district called Sftwlnnds, abundance of 
car m n ilc of eoppif, atrel some cobalt Mr Otley states 
(hit (he had vims mu North aivl ^outh, and those of 
r upper ] ast ind West Ste due is found in Borrow 
<1 ih , and mixed with the slate in Martmdale Two 
* ill pi mgs hive been deter ted in it near the upper end 
ot l)< l jvc nlw ih l . ’ 

r Jh,se rocks sloping io the South East and Netrth- *j^ f 
West tioru skiddaw and Saddleback, arc covcusd bv 
f hi middle system ot shtes These* are best deve 
loped ori the soulli Eastern slopes, and occupy a long 
riuge of inountains puraPel to the Skiddaw slates, »n 
tuose* highly jnclureHque and romantfV valleys wnerem 
the 1 ikes of Ulswater, Hr weswalei, Thirlmtict and Wast- » 
watt i, spread the*ir bcautdiil waten <* 

The lowest rock belonging to this system is a icd. 
argillaceous, fissile stratum, abundant in the I astern 
shores of Dervvcntwater, espctudlv about Bsnow nnd in 
St Johns Vale, in both localities resting upon ihe 4 

SLiddaw slate 
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; 'i^|^5very'«in^ul'flr rock, characterised universally by 
v ©foil* . 4tf colours, and apparently heterogeneous com* 

. / Its first aspect remhids us of an old red 

Bed toefo fcfmdstone conglomerate, but on closer inspection the 
/}.,■' ; ' t'7 fining certainty of its hrecciated character vanishes; 

,, j ’ Dm* seeming. fragments of which it is composed appear 
, ' v to be scarcely more than colour spots, and we leave the 

rock very undecided as to its origin. In some cases, 
however, it must be owned, the appearances of aggrega- 
tion are very difficult to withstand. It is distinctly stra- 
titled, with dip to the South-East, and is of considerable 
thickness. Its pervading tints vary from bright red to 
purple, and in proceeding up Borrowdale, rocks succeed 
A in tin^same geological position, at first blue, and after- 
wards greenish, while the seeming conglomerate aspect 
becomes less distinct, the spotting is smaller, the hard- 
ness greater, the rock splits vertically, and becomes, in 
fact, a coarse green slate. Amidst the numerous varie- 
ties which succeed, we perceive about the Bowder stone 
some remarkable laminated beds, with tulcose surfaces, 
and variegated with nodular concretions of calcareous 
spar, green earth, and differently coloured quartz or 
calcedony, having altogether very much the aspect of 
amygdaloid. This peculiar slate, which seems to indicate 
the united agency of water and greal heat, dips in the 
same direction as the red rock of Burrow, and thus helps 
to prove that in this tract the vertical cleavage of slate 
is transverse to the lines of deposition. Ji appears to 
harden and change c haracter m Wallow Crag. There 
are, perhaps, repetitions of this remarkable rock in other 
parts of the slate systems, since it occurs at the upper 
end of Ulswater, m Helm ( rag, Lnuglirigg, and oilier 
points about Grasmere and Elter Water, in lilplui, and 
other places. But it is possible that these may be the 
same beds; a conjectuie supported by the fact, that red 
rocks, like those of Barrow, lie beneath them at Gras- 
mere. And, indeed, in Helvellyn and other mountains 
we see the coarse slate rock vary through all appear- 
ances from uinygdaloidal slate to fragmentary grev- 
wacke, mi. I lt again assuming more regularity, re- 

semble clay porphyry, Tr«uv which its uncrystallme felspar 
and recurring fragmentary structure do not always 
clearly distinguish it. On the other hand, we see tfie 
coarse rocks of Borrowdale and J’altcrdale lose their 
spotted aspect, become more uniformly green, more re- 
gularly fissile, and change to the fine-grained green 
slates of Langdale arid # Conistou Fells, or the pale grey 
rocks around Grasmere, or the u ram spot” slate of White 
Moss. t 

Greenstone rocks afe variously associated with this 
system of slates, sometimes in the state, of dykes, some- 
times as overlying masses, particularly abouL Keswick. 
The siemtic rock of lied Pike, Sealeforce, and Wast- 
dale. which seems to come up through the lower slate, 
ramifies its masses through and over these rocks, t U*vd 
puiphyry dykes divide them on Armboth Fell; large 
massed of red and dark porphyry witjj garnets, lie cm 
their lower portions in St. John's Vale; and if the slate 
of High Pike belongs to this system, the felspaLhic (or 
cl van?) cour&ft there known, may be added to more 
massive accumulations of igneous products which border 
Thirlmere Lake. The siemtes and hypersthenes of Car- 
lock Fell, and the granitic tracts of Wastdale and Devock 
Lake, must probably be viewed as rising upwards from 
below the whole aeries, and spreading on the surface of 
the strata of slate. 

The minmhl Which this district yields are rather 
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numerous than valuable* . The veins are generally 
quartzose. A great variety of lead spars, sulphuret and 
carbonate of copper, with galena, pitchy iron ore, wolfram*, V "** v * w 
&c. are found in Caldbeck Fells, among the slaty and 
sienitic rocks. Galena has been worked in GrisdaK 
(Ulswater,) copper ores at Coniston and in the lower 
beds in Newlands, plumbago in Borrowdale, micaceous 
iron ore in Eskdale, & c. 

In consequence of its superior hardness, and its fre* 
quent association with igneous products, the greeri slate 
mountains assume bolder forms, present more lofty and 
rugged peaks, and more inaccessible precipices than the 
softer slates of Skidduvv. For the same reason, the 
streams instead of furrowing /the smooth slopes in 
straight courses are twisted about amoifg the unyielding 
rocks, and broken into admirable cascades. 

The region of green slate is rather indefinite toward Dark 
the South-East, where it is overlaid by the uppermost •tow. 
scries of greywucke slates. # Perhaps it may be best to 
adopt us t tie conterminous line, the narrow course of 
dark calcareous slate (* 4 transition limestone") which 
parses from Long Sleddale by Low Wood Inn and Win- 
dermere Head to Coniston Water Head and Broughton 
Mills. This rock contains organic remains, as caryo- 
phyllia, lriillepora, pidducta, spirifera, orbicula ; but ge- 
nerally in so imperfect a state of conservation that their 
specific characters are very obscure The calcareous 
layers alternate with layers of slate of the same colour, 
and are with difficulty distinguished from them. Their 
dip is usually very rapid. 

Above this regular hand of limestone lies a thick 
series of rocks, containing several varieties all capable 
of being ranked as greywackc. The lower locks, very 
dark in colour, arc frequently quarried for slate, { Brough- 
ton, Diversion*, &c.) occasionally for flagstones and 
tombstones, (near Hawkehtone, crooks oi lime, A.c.) 
which are sometimes paialUl to the strati tit ution. 

(Otlev , (Juitlr to the Lah< ) In the. lougaberrimt range 
of slate rock's beneath luglcborougis and Pemgutil, 

((real. Trans.) dark slide ol similar aspect reappears 
in Clapharn Dale and between Uihblcsdule, and tur- 
nishes enormous tables of slate wufi nodules sometimes 
formed round htuites, in the marly uuncal partings or 
cleavage. At Ingleton the greemsh slate seems rather 
referable to the middle slate system. 

Above the dark uniform slates previously described 
lies a system of more micaceous and more granular 
rocks, which extend to the South-Eastern border of the 
primary distnct. They aie ol two kinds : l. fissile with 
micaceous partings parallel to the stratification, some- 
times reddish, and appearing to resemble certain larni- * 
nated ted sandstones. 2. Granular, not fissile, with 
disseminated mica. These varieties may be observed 
frequently alternating in the countjy North of Kendal 
and phnnt Kirby Lonsdale, and present the most striking 
analogies to arenaceous freestone and miciiceous flag- 
stone. In the upper part, of tliis ^stem (near Kendal 
and near Kirby Lonsdale) lie layenrof shells, or ratlier 
casts and impressions of shells of the following genera: 
orthoeeras, patella, trigonia, plagjostoina, pecten, gry- 
pha?a, tumtaliu, melauia, sptniera, terebrutulu. (Cieol. * 

Tram.) , tit 

A very remarkable feature in the region of this upper Cleavage 
slate series, is derived from the uncommonly crystalline ♦ofsia*** 
aspect of the' rock on a large scale* The numerous 
joints intersecting one another at acute angles, and rang- 
ing with, admirable precision for a hundred yards or 
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Geology* ntow; divide the feces of the hilrs Into long ridges of 
t J h* It. smooth, rhomboidal rocks, alternating with parallel heathy 
or grassy hollows. This is probably the reason of the 
peculiarly rough and knotted uppearance of many hills 
’ of this tract. It is difficult to resist the belief that this 
is owing to a real crystallization, and that slate is a 
crystalline rock with definite angles and regular cleav- 
age. But on pursuing the inquiry it will be found that 
the parallelism of external joints and internal cleavage 
is a phenomenon of a different kind from geometrical 
crystallization, not produced in consequence of an origi- 
nal equilibrium amongst the particles, but from symme- 
trical consolidation of the mass, exactly as the cuboidal 
blocks of oolite, the rhombs of shale, and prisms of 
basalt have been formed. • 

Among the common appearances of cleavage is that 
represented in pi i. fig. xiv. when* different layers 
(strata) of slate are cleavable at different angles of inci- 
dence, % 

Scotland. - ft will be difficult to put the slates of Scotland in 
comparison with those of Cumberland, as they are defi- 
cient in limestone. In general terms it may be s;qd, 
that the dark pyritnus slates of Argyleshire and the 
West of Scotland seem analogous to those of the lower 
Cumberland group ; but those rfhicli constitute the 
Lammermuir and Dumfriesshire mountains have the 
characters of the greywm ko system. 

I, clunk Mr. Weaver describes the slate which borders the 

granitic tracts South of Dublin, as alternating with green- 
stone and greenstone porplmy, and enclosing clay slate 
Conglomerates. 

In W iudmill Hill, Air. Weaver describes several al- 
ternations of a gtamdivr felspathie rock with the clay 
slote. And in the mountain of C roghan Kinslnla, in 
the space, of fathom 4 -', arc eight principal beds of 
alternating granite and clay slate, besides several of 
gi unite am! Hay slate mixed, and tour of day slate and 
greenstone. 

Clay slate and quartz rock arc likewise seen in fre- 
quent alternation our the Eastern coast of Ireland, and 
thus remind us of the similar rocks in Anglesea. No 
"organic remains have been iound in these tracts ; but 
Mr. Weaver describes the occurrence of fossil plants per- 
fectly analogous to those of Abe carboniferous rocks m 
coal seams of t he South of Ireland, supposed to be in- 
‘eluded in the grevwaeke slates. 

hi,* of Man. lit the Isle of Man, Mr. Henslow is inclined to con- 
sider in one instance life eletrage uqd stratification coin- 
cident. Klvau dyfo*s and granite veins divide it. 

In Males, according to Prolessor Sedgwick and 
others, the slate System between the old led sandstone 
und the granite presents the following general charac- 
ters fti a descending cfriler, 

L Greyuacke cotUainuig, in a state of consuleiable 
develnpement, Severn! divisions, calcareous, arcuncccyie, 
arid fthaly, with organic remains, m considerable num- 
bers and variety. (Uuallt, Llanrblo.) The layers of 
the upper part of lhi*j rock conduct us by an easy 
transition into old red sandstone. 

2. The great slat** formation, containing in all its 
parts indications of mechanical origin. Detached de- 
posit* of limestone. 

3. A vast group, differing from the ordinary character 
of th© W T ei$h mountains, in containing a very large pro- 
portion of felspathose rocks of porphyritfc structure. 
Of this* the mountains of Snowdonia are probably the 
lowest portion i they contain organic remains. . 


4. A group of slaty rocks described by Henslow in 
Anglesea, consisting of chlorite and mica slates^ and 
quartz rock*' . , , : . 

Nearly all that is valuable in the Geology of the slate / . / 
system of Wales is due to Henslow’s description^* Aft* 
glesea, Sedgwick’s labours in Snowdonia, att# all its # 
intricate dependences,, and Murchison's recent and 
detailed investigation of the South-East portion of the 
district from Shrewsbury to the mouth of the Towy, 

The results of this friendly partition of labours have been 
eminently successful; while *|n the North-Western dis- 
trict the general inferiority of position o£ the chloride 
and micaceous schists to the whole clay slate system of J 
Wales is clearly proved ; the true place of the Snowdo- * 
nian shells fixed in the very lowest portion of the clay 
slate ; the extent and effects of subterranean convul- 
sion and intrusion of igneous rocks, very fully pointed 
out : these phenomena have been linked by discoveries 
on the other side of the region into a complete systeift 
of slaty deposits. The grcywack© series on the £outh* 

East border, described by Mr. Murchison, fortunately 
presents a series of phenomena, deficient or not clearly 
separated in the slate district ot Cumbria, — a vast, number 
of oiganic remains, lying in distinct groups, a series of 
distinct members of the greywacke, which these fossils 
appear to characterise, limestones of different ages 
which clear up the difficulty, always felt hitherto in 
fixing the true relations of the limestones of Dudley arid 
LInndilo ; and, finally, ancient Plutonic operations ac- 
companied by elevations and* alterations of the strata. 

We may now, upon sufficient data, uffirm that the Welsh 
and Cumbrian series ot slates presents a nearly com- 
plete record of all the principal deposits, with their 
characteristic oiganic remains from the gneiss and mica - 
schist upwards to the carboniferous system ; and, as these 
slates graduate below into the mica schist system, «*md 
above into t he old red sandstone, to show a continuity 
of marine operations in a part of the geological scale of 
periods where formerly was an utter blank? Mr. Mur- 
chison finds the greywacke series djy x 
groups, m the following descending order, all ranging 
Noi Lb-East and South-West. 

The first gioup, below the old red sandstone, is a Groups ie 
senes of tlim-bedded arenaceo- calcareous strata, lOOOthiMipper 
feet thick, abundant in the neighbourhood of Ludlow, ot 
ami stored with brachiopudous bivalves of the genera 
teubiatida, stiophomena, leptiepa, and orthoceras ; 
and miobites ol the genera homonolotns and caly- v 
inene 

The second group is limestone* lift) feet thick, in its 
upper putt intcriammated with the superior beds, and be- 
low resting on slnde. It is identical with the celebrated 
limestone of Dudley, contains nearly all its well- 
known fossil Is, and taiiges in a continuous escarpment 
tor ,ni|iny miles North-East and South-West, fait 
grows thinner continually to the South-West, so that 
in the prolongation of the strata parallel to the South 
Wales coal fields this inteiesling rock is nearly ex- 
tinct. # • 

The third group is the dye earth of 1 •Shropshire, 
which was once supposed to overlie the DuSley lime- f 
stone. It is, perhaps, 2000 feet thick, and is made up * 

of incoherent, greyish, argillaceous, sometimes micaceous 
schist*. The higher strata are in some places charged 
with many orlhocerata, Utnites, •saphus c&udatua, to 
Other beds are locally distinguished by concretions of 
argillaceous limestone formed around corals and other \ 
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organic bodies ; and toward the base of this deposit 
, y / ethin, calcareous zone is observed in Shropshire, con 

twining the pentumerus laevis, Sow . and a new species of 
; that bivalve, 

b ‘ The fourth group is an arenaceous Bandstone series 

, 0 / various colours* chiefly red and blue ; calcareous 
bands are associated with the sandy strata, almost made 
up of products*, leptflena?, and spirifene, with crinoidal 
remains, all of species peculiar to this group. Thickness 
15U0 or 1800 feet. 

The fifth group eonsi^pi principally of black shale 
enclosing hods of greywacke, flagstone, or calcareous 
slate, which, prolonged to the South-West, join them- 
selves to the trilobite beds of black limestone and cal- 
careous flagstone at Llandilo, and thus establish the 
distinctive relations of that rock to the Dudley lime- 
stone. The thickness of this group probably exceeds 
that of any of those mentioned above. 

The sixth group is a vast deposit several thousand 
feet ii thickness, consisting of red, coarse, ipiarlzosc 
conglomerates, schistose beds, and purple-coloured sand- 
stone. No organic remains have been yet observed in 
this group. 

Below all these comes the great slate formation with 
detached masses of limestone, also ranging North- Fast 
ami South-West, us about Bala lake. 

Chnniwood Til Charnwood Forest the sienitic rock-, are followed 
forest. by day slates of different kinds, compact and coarse, 
soft and siheious, green or dark coloured. 

Cornwall In Cornwall and Devon the order is, 
and Devon. Greywacke, with calcareous slaty beds sometime* 

containing organic remains, and detached deposits of 
limestone. 

2, In two places a serpentine formation, which, in 
the Lizard, contains diallage rock, talc slate, hornblende 
slate ,"and mica slate, appear to occur beneath the grey- 
wacko. Its relations are obscure, but it i 1 - superior in 
position to the following formation. 

3. The great formation of metallifcious slate (kilias) 
w ;f%TlYA iTJ k < i rd in a t e beds of greenstone, frlspatlnc 
slate, &c. It is trawrr.ed by granite veins, and is said 
to alternate with granite 

Dr. Boase, in his recent Work on the (ieoh)^y of 
Cornwall , arranges the schistose rocks of Cornwall in 
two groups, the upper of which is associated with black 
calcareous slates, and the lower much mterlaminated 
and mixed with porphyritic masses, eiuites, quartz 
veins, &c. At its junction with the granite, the kdlas 
is frequently intermixed with granite veins, and is altered 
in some respects so ns to lose in part its fissdity, 
anti to be described by the miners as M Elvanny Kil- 
las.” 

The general impression concerning the schistose rocks 
o( Cornwall is that their mineral composition *is a mix- 
ture of quartz, felspar, and mica; and so, probably, is 
that of most clays and shales. 

The extensive deposit of serpentine of the Lizard is 
seen in several places to rest upon and alternate with 
gnsteoslone and porphyry, in others to rest upon green 
t talc or clay “slate. At Coverach are rocks of various tex- 
ture, in some measure intermediate between serpentine 
# and dial) age rock, which suggest important reflections 

on th'J relation of this beautiful sock ; and, in the same 
place, the greenstone abounds with dial! age, and contains 
likewise titaniferous oxide of iron. Veins of Bteatite 
divide the eeitienfine, and are thought by Sir H. Davy 
to /be derived frdirf decomposed felspar. Dykes of 
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sienitc, and sa ussuri tic diallage rock pass through the Geology 
serpentine. Ch. u. 

The clay slate deposits of Brittany are said to resem* 
ble those of Cornwall* Very similar serpentine occurs 
there, and in addition ogygiae, calymene, euomphali r and 
posidonia*. <* 

Two-thirds of the area of the chain of the Pyrenees 
is composed of clay slate, which appears to exhibit 
varieties of texfure and aggregation like those described 
in the Cumbrian district, with the exception of the 
coarser kinds being dark green, micaceous, or granular, 
aluminous or silicious. Frequently these slates alters 
nate in very thin layers with limestone, in which case a 
number of calcareous fibres crossing the slate, but not 
the limestone, give the* mass ine peculiar appearance of 
schiste rubanne ; limestone abounds with this slate series, 
and is either compact, slaty, or granular. It contains 
crinoidal and zoophytie fossils, “ ammonites,” and a few 
other shells, and some yre found in the alternating 
slates. Anthracite in small quantities is mixed with the 
slates, quarizose, telspathic, and greenstone rocks alter- 
nate with them. Most of the metallic products of the 
Pyrenees are I mmd in the clay slate system. (Chnrpeu- 
tier.) 

The Ardennes mountains, which cover so vast a tract Ardennes, 
in France, Luxemburg!!, and the Rhenish Provinces, 
and which support the volcanic products of the Eyfel 
volcanos, are mostly composed of greywacke slate 
analogous to the upper part of the C umbrian system, 
flood roofing slate is not common in this tract Re- 
mains of ferns, like those of the eoal beds, of pimlucto* 
and encrinitcs occur in it. 

Organic remains are not very rare in this formation Rhine 
oil the banks of the Rhine. In the valley of Nieder- vul.i*). 
lanu.itein we found the gieywacke slyie rich in fossils, 
amoiiir which spirileia* were most numerous. The 
lower part of the slate series of the Rhine appears to he 
the most quarizose, and it will he found occasionally 
difficult to “say w hether a particular ro«k should be 
called greywacke, or quart/ rock. • 

The slates of the liar/, contain product*?, calymene Hm*, 
tristam, posidoiua'^iechen, &c. 

'Hie slate system of Scandinavia presents a general Seuwlaw- 
analogy with that of C'mhoerlmid. In its upper part via 
are black limestones in nodules or beds alternating with 
slate and containing trdobites of the genera paradoxitcilt 
and agnosias, and oi thoceratiles. 

The group of the Tn rent a ise," referred by MM. Bro- Turen^o.*. 
chart and Dc Buell to the age of,, transition rocks, is ” 
very dissimilar from the genera! character of the depo- 
sits of that period. Consisting of grtfuular and tnlcose * 
limestones, gneiss, and mica slate, it may be compared 
to the carhei primary rocks, wink* the organic rtfnains 
sometimes found in it, and the course greywaekes which 
belong to it. unite it to the latter peftod of the system. 
(Humboldt.) Similar remarks are applicable to the 
metamorplue strata of the Valorsine, and perhaps, in 
both cases, the peculiarity of aspect is much dependent 
on the local influence of heat derived from thjB neigh* 
bonring granitic masses and veins. 

Clay slate is tlm lowest rock in North America con* NoriW^ 
taining organic remains, which are always of marine America ^ 
origin, and it rests immediately qpon granular lime- * 

stone. These remains are extremely rare : brachiop,** , * 

pous bivalves and nrthoceratites are found at Troy. This 
rock may be traced over a space of two thousand square 
miJesJa the Counties of Sarutoga, Schcnutady, Albany, 
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, Rensselaer, and Columbia. It extends into the*W estcrn 
margin of Massachusetts, and there rests immediately 
on granular limestone. (Eaton.) Its laminae cross 
the planes of deposition as in the slates of England, and 
all the accidents to which the European slates are sub- 
ject are repeated in America. It is silicious about 
Hudson’s. Clay slate is not extensive in South Ame- 
rica. * 

Transition Limestone. 

The limestones associated wifch clay slates are almost 
universally known to Geologists by the name of Transi- 
tion Limestone, a tiVn which we think liable to little 
objection, even by those who reject the title of Trans- 
ition Strati^ as applied to tl.e whole or any consider- 
able part of the slate system. These limestones are 
usually, as in Norway and Cumbria, of a very dark 
colour, fetid when struck, and more or less associated 
by alternation and gradation of characters with the 
slate rocks ; or they are mere calcareous slate, as in 
some parts of South Wales; or they form considerable 
rocks, as in the Kifcl, at Dudley, in Shropshire, and He- 
refordshire. There are also in *Noi th Wales and Devon- 
shire portions of limestone more analogous in character 
to the primary limestone, and like that very limited in 
extent, appearing like huge ellipsoidal concretions 
wholly enveloped in slate. These latter, like primary 
limestone, are generally deficient iu organic rema ms ; 
they appear to range parallel to the original planes of 
stratification in the slate, and may thus eventually be 
found of great use in subdividing that thick system of 
deposits They may be considered as geneially, per- 
haps universally, more ancient than the more connected 
range of limestone and calcareous slate with organic 
remains. It is in the upper part of the slate series in 
South Wales, Herefordshire, and Cumberland, that the 
limestones witji organic remains are found. 

But even the. most connected portion of this upper 
transition limestone is liable to so great alteration of 
quality and variation of thickness as to present some 
points _>f analogy to the earlier calcareous deposits. 
From very tluu and unimportant traces ubo\e the Vale 
of Tovvy, the uppermost limestone swells out to a consi- 
derable thickness iu Ucrctoidshirc, Shropshire, and Dud- 
ley, and the number of organic remains varies iu the 
same proportion. # *\ bout Ludlow the thinner beds of 
this limestone occur principally in nodules muted with 
much shale, both containing orthoccralites, trilobites, 
&c. Even amongst the thicker beds of the limestone 
rock, Mr. Murchison lias recognised the same remark- 
able tendency to ellipsoidal concretions. 

The transition limestone of the Hurtz presents two 
considerable independent masses, enclosed between 
conformed strata of greywacke. Near Kuislau, East. of 
the Brocken, it abounds iu madrepores, which, however, 
are chiefly rendered 'visible by decomposition of the 
rock. This t' ha raster also obtains iu much of the dark 
limestone of Norwuy and of the Cumbrian lakes. The 
laminated limestones of South Wales and theEifel, are 
of a lighter colour, and generally associated with shales 
and grey or reddish sandstones, such as usually belong to 
the top ol the. slate series. The fossil remains of these 
situations are in consequeuce usually well exhibited on 
the surface of the tyedtj* when, either naturally or by 
chemical or mechanical means, these surfaces can be 
cleared/ (M.de Bonnard, in De h Beckys ^Memoiihi.) 
As on the one hand the irregularity and frequently 


nodular character of the limestones associated with slate, , %olvgy. 
present a curious analogy to the older calcareous rocks 
of the gneiss and mica slate system, sp the upper fbssili- 
ferous limestones of the slate, have often a special Analogous 
resemblance to the mountain limestone Of the succeed- a>thoo«wM 
ing epoch, both in mineralogicttl character and oiganic 
remains. Judging from specimens only, and from an M |o, W| 
imperfect view of the English and Belgian series of 
strata, many Continental Geologists have been unable to 
discriminate between our transition and carboniferous 9 
limestones. Their conclusions on Outpoint appear to 
have been sometimes influenced by the tact that trdo- 
bites and orthoccralites, as well as many encrinilfes, occtfr » 
in both these rocks. Nevertheless they are really and 
permanently distinct, and their organic remains belong * * 

undoubtedly for the most part to very different species, 
and present altogether perfectly characteristic groups. 

No English Geologist can tor a moment hesitate to but diirtlnc^ 
distinguish the fossils of the transition limestone of from both 
Malvern and Dudley, on the one hand, from those of j? 1 England, 
Derbyshire ami Flintshire oil the other, nor should * C * 
it be found difficult to separate in like manner the trails- • 
ition limestone of the Eilel from the carboniferous 
limestone of Namur. Both it is true arc contiguous to 
slate, nor do they occur superimposed in one section ; 
but the Namur. limestone ties on the greywacke of the 
Ardennes, that of the Eilel is enclosed in it, and forms 
really a part of the slate system, as much ns the lime- 
stone of Christiania, Cumbria, and Caermarthenslnre. 

One principal reason of the contusion among Continent 
tal Writers cm the subject of these calcareous deposits 
in England, is the almost universal deficiency of the true 
carboniferous limestone beneath all the coal fields of con- 
tinental Europe, except those of Mims, Numur^ Liege, 

Dusseldorf, &c. 

Finally, we must repeat the remark formerly made, 
that all the hard lines of distinction, which tor conve- 
nience we draw across the scale of strata, may be 
locally exact and defined, but^ttrovn "oil a* more ex- 
tended comparison of distant localities. The lime- 
stones of the slate system, generally, appear to connect 
the oldest calcareous rocks ol the gneiss with the com- 
paratively modern limestones of the coal measures. The 
greywacke slates which enclose them are also so much 
changed from the type of clay slate, as to assume very 
nearly the aspect of sandstones and shales, frequent iu 
the carboniferous system ; and thus, both by analogy of 
fossils and gradation of mimiiatogical characters, we 
are led without any startling chasm from the primary to 
the secondary strata. 

Moved by these considerations, some eminent 'English Th** whole 
Geologists appear disposed to unite together the carhom- 
ferous system and the transition limestone group^and in 8 j 8UMn . 
some cases this may be a very convenient mode of arrange- 
ment ; but tried by general comparisons it seems to 
offer no speciat advantage. For, by the same rule, we 
ought certainly to Ibrm but one class of rocks from the 
gneiss to the new red sandstone, fcingp it can be most 
clearly proved that, in all this vast series, alternations » 
and gradations prevail; but further, we should by rigor- # 
ous extension of this mode of classification, hove no 
division at all from the gneiss to the tertiary strata. In 
fact* it is already certain that the whole series of strata is 
a consequence of repeated actions of the same causes 
under modified circumstances, and the classification of 
the strata must be left in a great measure to the modera- 
tion and local convenience of the cultivators of Geology * 
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There is little doubt that the line here drawn between 
the elate system and the carboniferous system may be 
easily recognised throughout Europe ; and if in some 
ca^es the upper slates assume the aspect of sandstones 
and shales, and even contain traces of coal and plants, 
such as usually occur above, and the two sets of limestones 
thus divided resemble one another in certain mineral 
characters and organic remains, this ought not to sur- 
prise us, for it is a part of the general processor Nature. 

To these remarks wc shall only add a short connected 
view of the seqifbnce of limestones in the whole primary 
period, according to our notions of their affinity, placing 
them iif u descending order, with their alternating 
strata. 


a. Arenaceous, calcareous, ami argillaceous strata containing 
organic remains. 

. The limestone of Dudley, Ludlow, Herefordshire, full of 


organic remains. 

( lA* earth of Shropshire, containing organic remains and 

^ 1 calcareous concretions. 

j Arenaceous strata with organic remains and calcareous 
1* ban .Is. 

Z. Llunddo limestone, associated with black shales, both con- 
taining trilolntes and other fossils. 

c. Upper greywacke slates of Westmoreland, containing or- 

hicultr, orthocetata, and other organic remains. 

3. Black »daty limestone of \\ est morel. uid, with cyathophylla, 
millepora, orbicula. but hitherto no tnlobdes, Probably 
the limestone of Okehamplou in Devonshire, and that 
of Bala in North Wales. 

d. Slate rocks 

l. Detached limestones of North Devon and North Wales. 

e. Slate rocks, rarely containing a tew shells. 

f . Chloritic and micaceous schists of the Grampians. 

S. Crystalline limestone of Loch Earn, Iiiveruij, Dahn-illy, no 
organic remains, 
t Chloritic uud micaceous schists. 

| Mica schists and gneiss. 

fj. (Tfyfftalhzed limestone of Glen Tilt, Stuthfilhui, GluuCroe, 
no organic lemams. 

A. Gneiss, mica schist, Kx. 


of sandstones, and the prismatizing of shale by the ©eulogy, 
action of basalt, and by the heat of a furnace ; and it is 
certain from various facts that these characters were ac- 
quired by the primary struta before the formation of any 
member of the secondary rocks 

II. Possibly this great and continuous heat beneath the Organic r*. 
ancient beds of the Ocean, may be admitted as a reason mains ab- 
for the paucity of animal and vegetable life during the sent from 
primary epoch. The fact, however, is that among the th ® 
older of the primary strata the remains of plants and 
animals do not occur ; and it is probable that the living 
wonders of Nature were not then, in existence. It is, 
indeed, maintained that such remains wop Id be wholly 
destroyed in the rocks by the operation of such a heat, 

and this opinion may be supported by l^any strong 
analogies. But as marine organic remains do occur, 
though rarely, in the midst of the slate group, (Snow- 
don, Tintagel,) and become numerous in and near the 
calcareous hands of the upper portion of that series, it 
appears safer to admit that the heat., or some other nn- 
knowri condition of this early period, was unfavourable 
to organic existence in the sea. Jt seems almost de- 
monstrated that at this period there was very little dry 
•land raised to the surlace of the Globe ; for all the pre- 
sent Continents were certainly uplifted at subsequent and 
successive epochs, and thercloie land plants could not 
be abundant. 

III. But in proportion as the igneous agency found become fre- 
vent, in the same ratio as the mountains were uplifted, quent in the 
wc find the organic reliqmu* of the sea and of the land u Pl lyr * 
imbedded in greater abundance. The plants indeed 
imbedded in coal strata associated with the upper part 

of t ho slate series (if ically lielongiug to this system) 
are local deposits, and rot at all to be compared in 
quantity with several accumulations of later date ; but 
this is also m exact accordance with what is known of 
the relative extent of land at the different epochs. 


( r^murnL ns concerning Primary Strata. 

The general system o operations disclosed to us by 
un examination of the primary strata, presents the fol- 
lowing leading points. 

A general J. The lowest rocks which we cun trace, those upon 
i nwo mi whitdi t he vast accumulations of stratified rocks rest, 

nicks. are such ns from all their characters appear to have 
been produced bv igneohs agency. These granitic, 
hypersthenic, dr<\ rocks are crystallized like the products 
ot fire, composed of minerals like those observed to be 
generated by heat, and combined in a very similar man- 
ner. They show no action of water, either chemical or 
mechanical, nor contain the reliquiae of living beings, 
t The almost universal extent of these rocks, combined 

with tkc abundance of their disintegrated materials in 
the older strata, proves the great extent of' the igneous 
agency developed in the earliest eras definable by Geo- 
logists. « < 

Influence -of The same inference of a pervading and powerful de- 

heat on velopement of hpat tit those early periods, may be safely 
atrotu^ * drawn from a«cousideration of the generally high degree 
*>f solidification among the primary strata, and their 
frequent though imperfect crystallization. There is 
litt(e douht, or rather the Geologist of sufficient ob~ 
servation eoo^id^rs it a matter of certainty, that the crys- 
tallization of primary* limestone, tine conglutination of 
. gneiss nod quart and the rhomboidal fissures of 

m due to iite «a«ye cause a» thf eonvefskm of 
4 0halk into stteb ^nustoneiviha eemjfusioa 


It muv be objected by those who see in the ancient Objection* 
effects ol Nature nothing but the result of the present to this hy- 
ineasure of natural operations, that two-thirds ol the pathesis 
Globe arc now covered bv water, and that the depression consi ere ‘ ’ 
of tine large tract may have corresponded to the eleva- 
tion of a smaller, and that remains of plants and ani- 
mals may occur in the submerged portion of the crust w - 
of the Earth, of higher antiquity than any ol* our ele- 
vated strata 'Fills way be true ; and ?t may also be true, 
as some poisons suppose, that stratified rocks full of # 

organic remains occur beneath the granitic floor; but as 
neither of these hypotheses can be proved or even 
examined, they must remain as mere, speculation. 

But it may also be objected that. th« whole force of the 
argument as to the non-existence of organic beings in the 
earliest primary periods, goes upon tla^stopposihon that 
the primary strata of the same kind are all respectively of 
the same age, which de rounds the admission of utmost 
universal formations ; and this can never be allowed by 
those who adopt the existing measure of the effects of 
the natural agencies employed on the Globe, as a stan- 
dard for all past periods of time. ‘ ’•***, 

No formation now in progress has more than a very 
limited area and a local character; but ^his very fact is 
decisive against the doctrine of the uni tor m rate and „ 
constant t momentum of the several agencies of Nature ; 
for no one can consider the wide strata of the chalk and 
oolite, and # tbe still more expanded saliferous rocks, with- 
out being struck by the contrast between them and what 
we know of the varying bed of the actual seas. But v 
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those systems of strata, extensively as they are spread 
over the basin of Europe, appear, when contrasted with 
the primary strata, mere local deposits. Jf all the cha- 
racteristic mountain ranges of the World show them- 
selves composed of these strata, and furnish proof of 
the superior antiquity of these strata to those which 
surround the mouutuin slopes ; and contain, though 
rarely, organic remains which do not exist among supe- 
rior rocks ; if, in short, these latter have the characters 
of nearly contemporaneous and comparatively recent 
Origin, and the others of nearly coeval ancient date; why 
are we to reject the niton and obvious inferences from 
these facts, yi ordeijto embrace a narrow speculation, 
which, by fettering the mind to the results of observa- 
tion on diyided seas, low temperatures at the surface, 
and diminished heat within the Earth, refuses to con- 
sider tire results of operations in the wide Ocean, 
brought on by almost universal chemical and mechanical 
agencies of heat? 

in maintaining the uniform character of the natural 
terraqueous agencies, and the constancy of their mode 
of action, all Philosophers are agreed ; but, as in every 
other problem submitted to iu\«stigation, experiment, or 
observation, the conditions are to be determined before 
the rate and measure of Geological results edn be ex- 
pressed on a scale of magnitude or number. In a 
Science founded on observation, these conditions cannot 
be known beforehand, they are the very objects of which 
we are in quest, and our only mode of approaching them 
is by analyzing the effects which have been produced by 
the known laws ot Nature, operating under these, at 
first unknown, conditions. What is the object of an 
experimental investigation, in which first, the law' is 
given, and next the conditions are assumed, the result 
of their cumhinetl operation having been previously de- 
fined? 

A history qf the successive revolutions m the slate of 
li*ots of bent the Globe, musUiudeed be founded on a survey of the 
m the older chemical, mechanic*!!, ami vital phenomena now pro- 
'l mc a* duced by the atmosphere, rivers, the sea, and volcanos; 

and all conclusions concerning the intensity, duration, 
and extent of igneous* and aqueous agencies, in past 
Geological periods, must proceed upon an examination 
and estimate ot these agencies m the existing periods; 
but the ratio of then effects at different periods is to be 
determined by evf If nee, not assumed by conjecture. 

The results pt exanimation ftt the organic remains in 
the several strata, and of the character und condition of 
these strata •according to their relative antiquity, leave 
no doubt of the vastly greater and inoic general in- 
fluence which, iu tttie older Geological periods, I he proper 
heat of the Enjth had upon all the operations of 
Nature in thAya and on the land, an influence tar more 
equable os well as more intense than that exerted by the 
Solar rays, independent ot the Seasons, and coextensive 
with the Globe. t 

Surely, then, under these peculiar conditions, the laws 
— *of Nature which are concerned 111 the operation, them- 
selves invariable, must have operated on a greater scale, 
und perhaps with higher intensity, than that which now 
characterises t&eir effects. 

» All the results depending directly on the quantity of 
communicated heat,— 7ns, for instance, most ot the phe- 
nomena connected with the decomposition, reconstruc- 
tion,-— and consolidation of rocks, must have.been vastly 
increased in amount, and proportioned in ektent to*th<e 
universal diffusion of heft; while the arrangements of 


(1 mater ef- 


orgnnic life, which we know to be adjusted to a certain 
limited range of temperature, fmtfii have been propor- 
tionately affected. Until the mean temperature # of the 
sea was reduced to a certain standard, the Physical con- 
ditions to which organic life is restricted on ptir Globe were 
not established ; but during these period* the inorganic 
forces of Nature mus^ have been especially active, and 
on a very great scale. Hence the vast thickness, the 
great degree of consolidation, the Crystalline character, 
the almost universal extent of the primary strata ; hence 
the rarity of organic remains, until, by*the accumulation 
of considerable thicknesses of nonconducting earjjiy 
materials upon the bed of the Ocean, the communica- 
tion of heat from the interior of the Globe was retarded, 
so as to be counterbalanced by that constant radiation 
from its surface, which is one of the conditions whereto 
the organization of plants and animals is adjusted.* 

I 

Disturbances of the Primary Strata. 



Though during the accumulation of the slates be- During the 
neath the waters of the sea, considerable tranquillity and acciftmila- 
a repetition of similar circumstances prevailed, as may ® e 
be inferred from the correspondence of the stratification, %* 
yie rarity of conglomerates, and the general agreement 
of the organic remains at different points over immense 
surfaces, yet some remarkable exceptions occur, enough 
to show that, the subterranean forces to which our Con- 
tinents owe their present forms and elevations, were not 
wholly inactive. In the Cumbrian mountains, especially, 
wc may clearly perceive the effects of some considerable 
local disturbance in the conglomerate rock of St.. John’s 
\ .ile, Barrow, and Grasmere ; and the singular admix- 
ture and blending of porphyries, amygdajoyds, and 
greenstones, with the ordinary argillaceous slates, proves 
evidently a great and continued development of ig- 
neous agency during the deposition of the middle slate 
roc ks of the lakes. Similar effects appear tp Sjpve hap- 
pened in Snowdonia, and^hjjwrt?* remarkable eases of 
extensive disturbance have been ascertained along the 
Eastward border of the Welsh slate system. 

But immediately after the completion of the slate After tbo 
deposit, and before the commencement of the carboni- deposit of 
ferous system, a much more general and more violent * Iat0g ‘ 
succession of dislocations happened. At this period 
nearly all the primary ranges of the British Islands re- 
ceived their most remarkable features ; and it is deserving 
of notice that some of the most important of the lines of 
elevation and depression then produced by subterranean 
expansion, — for instance, the Grampians, the valley oft he 
Caledonian canal, the Lammermuir hills, and the pro- 
longation of these ranges in Ireland, the Cumbrian, 
,Siinwdonian, and Cornish chains, and the hill* of the 
Isle of Man, — run in the same direction from North-East 
to South West, This is the most striking example which 
the British Islands afford in favour of Elie de Beau- 
mont's hypothesis of the. accordance between the direc- * 
tion of the axis of a mountain group and the date of its 
elevation. Elie de Beaumont notices a* belonging to * 
the same period as the elevation of the Cumbrian and 9 
Cornish chains, the system of the Ilundsmck in West- 
phalia, the I'ounlry of the Eifel, and the mountains of 
Nassau, in all of which the principal ranges are Notfth- 
East by East, and South-West by West. Other exam- 
ples will hereafter be mentioned which seem irreconcd*- 
ble tor hi* views t in the mean time we may state that 
the eoirtcm jx>raoeou s elevAtion of the 

1 A - rt ... 
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«*ology. of the South or Ireland and Devonshire ranpes East and 
Ch. 11. West. Elie de Beaumont, indeed, distinguishes between 
the d^tesoflhcse Eastern and Western lines of elevation, 
find those previously traced in a North-Eastern and South- 
western direction, and refers them to a later period. The 
North-Eastern lines are considered to have been caused 
during the transition (slate) period, and the Eastern and 
Western, immediately after that period. This requires 
further examination. Professor Sedgwick attributes to 
the Cumbrian slates one great elevation anterior to the 
carboniferous system, and we may safely adopt this as a 
general view, though there appears good reason to doubt 
whether all the various Plutonic rocks mixed in so sin- 
f gular a manner among the conglomerate slates of Cuin- 

, bria, were injected at one period. 

Influence In consequence of these, elevations, the strata of slate 
on the thrown up towards a central ridge of Plutonic rocks 
tfcmof lrCC exhibit ami 1st many irregularities prevailing dips towards 
strata. the South-East and North-West, and have thus consi- 
derably influenced the mean bearing of all the subsequent 
deposits of British strata in winch a very general teml- 
* ency to the North-Eastern und South-Western direction 
has been tor a long time observed. 

Plutonic rocks are often visible along the axis of 
these ancient elevations. The Cumbrian chain encloses 
a line of nuclei of granite, syenite, and hypersthene rocks, 


besides various porphyries and greenstones in dykes, and Geolojy. 
overlying plateaux, of which the age is less certainly Ch* H. 
indicated. These have evidently been injected in a 
melted slate into fissures produced during the general 
movement of the stony masses ; but there is rarely any 
proof derived from veins, or from the appearances at the 
points of their contact with other rocks, that the central 
granitic masses were uplifted in i* melted state. But 
in Cornwall, in the North of Ireland, and still more 
generally in Scotland, the granitic rocks were evidently 
hi a state of fusion, since the deposit of the slates, and, 
accordingly, these latter rocks, uiyl the various strata 
associated with them, are pften penetrated by veins of 
granite, and materially altered at the surfaces of contact. 

Have the fissures occasioned by these intestine subterra- 
nean movements furnished the cavities which have since, 
by injection, sublimation, and segregation, been filled 
by various metallic and mineral substances ? 

These mineral veins are, upon tin* whole, more nu- Mineral 
morons in the primary strata than in any of the secondary v *‘ ns 
rocks * and the generally admitted tael that the\ aie not 
all of the same age m the same mining country, may 
lead us to suppose that * their production was not con- 
fined even to one great epoch in Geology, but was 
repeated at intervals during the whole period of the for- 
mation of the strata. 


Table of the Organic Remains of the Slate System. 

The mark * signifies that the species to whirli it is attached occurs in the cm bomferou* system also. 

Plants. 


Family. Naim*. 

Algo* Fucoides antiquus, Bgt. * 

Htrru, Bgt 

dent at us, Bgt 

circinutus, Bg . . . . . . 

Kquisetacca* Catamites radial us. Bgt 

Vultzii, Bgt . . . . 

Fibres *Sphrimptt*ris dissccta, Ugi , . . , . 

('\clopteri4 flahellata, Bgt. 

♦lY'coplens ospira, Bgt 

♦Sigillaii.i tesbcllata, Bgt. .......... 

Voltr.ii, Bgt 

Lycopndiaccflfi .... Lepidodeiulron. i several species. ^ . . . . 

♦Siigmana hcoules, Bgt 

Clans uncertain . . . Asterophyllites pygnm'ii, Bgt 

Fossil plants generally • . * 



This list, which is taken almost wholly from M. A. 
Brung mart’s Prodrome de I'lhstnire des Pc get ana: Fos- 
sil's, will be found remarkably analogous to the more 
extended catalogue of* t lit; plants of the carboniferous 
system of strata. The fourteen or more species of plants 
here recorded, belong to genera which occur likewise in 
the carboniferous strata above, and four of the species, 
marked by an asterisk, are found again in these ropks. 
Throe of the four occur at Berghaupteii, in coal mqa- # 
surfes which may be of the true carboniferous epoch. 
All the genera are, probably, extinct, though with respect 
to the Alices tills is difficult to prove, on account of the 


Ftm-itfU l.ucalitich, 

Christ ianu. 

Qu» heir. 

Ditto. 

B.ise of Kimiekulle, Sweden. 

Ihtschweiler. (U.mt llhin ) 

Zundsweiher. (Baden.) 

Berghaupteii. ( Baden . ) • 

Ditto. 

Ditto- 
Ditto. 

Zundswoiher 

Berghaupteii, Bitschweilo**. 

Bitsrhweilei. 

Beighauptln. 

Near Namur. 

almost total want of fructification in the fossils, and 
their generally fragmentary state.' Four species arc 
marine, two or* three probably belonged tp marshes, and 
seven or eight or more to drier situations. The marine 
plants are mostly found in limestone. Thfc number of 
species is too small to furnish, alone, any general infer- 
ences either as to the prevalent characAtfr of the Flora, or* 
the climate of this period ; yet taken ii^ connection with 
the carbpnife roils system, they appear to ivSrrant a belief 
that vascular crypt ogamic plants were in possession of the 
land, that this was very limited in extent, and that the 
climate was hot. 


Organic Remains of the Slate System . 




Polyp a at a. 



Family. 

Fibrosa 

Nntnp, 

, . • Achilleum canosum 

Manon crihrnmiin r . . . 

British Localities. 

Foreign Local Mas. 

. . , . Groningen, (loose specimen.) 
.... Kiftti. 


Scyphia conoidea 

turbinata 


i 

. v . Ditto. 

. , , . Ditto. 


cl at h rata 



... * Ditto 


• Cantata. 



.... Ditto, 

Corticifera . . . 

IVagO* acetabulum ...... 

. . , Gorgoaia euitiqua 


• 

. ♦ . . Ditto. » 

.... Eiftd, Ural, 
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_ . Funnily. Name. British Localities. Foroign Localities, 

Geology. Oorticifera Gorgonia infimdibuliformis % . Wipperf iirth, Kifel, Orat 

Cellulifera Stromatopora concentric** Kifel. 

polymorpha Ditto, Benbberg. 

Cellepora autiquu . , Glouc. Heref. Ditto. 

Retepora prisca Ditto. 

antiqua Ditto. 

undetermined Ditto. 

Millepora, several species Gottland. 

Coscmopera placenta Kifel. » 

Flustra huimdata Gottland. 

Cenopora aftinis Dudley Kdel. 

punctata Ditto Ditto. 

granulosa Ditto Ditto. 

oculata Ditto Ditto. 

dast ic ha Ditto Ditto. 

* fajosa . . . # Ditto Ditto. 

Glaucontyie disticha Ditto Ditto. 


J.amellileKi 


CWan,o,H.r»,fl.» Br0IIldll , Mitn N, 

r avosites, Dam. j 


(Monche.) 

trmicata, Raf. Kentucky. 

Kent ken his, Raf. Ditto. 

boletus, Mini. ( Ihristiuniu. 

alveolariH Kifel, Groningen. 

favosa Lake Huron. 

Gottlamlica Dougbutueai Dublin Gemlstcin, Lake Huron, Catskill Mountains. 

hasaltica Lake Krie, Kifel, Gottland. 

mt mull bill if era Kifel, Bensberg. 

•polymorpha » Ditto, Ditto, PfaflPrath. 

spongites Shropshno, Dudley Kifel, Sweden. 

fibrosa Niagara, Kentucky, Kifel, Bensberg. 

cervirornis* . Gottland. 

\tilopota aleetOj Lam serpens Kifel, Bensberg, Gottland, Christiania. 

tubadiiriniH Kifel. 

spicata Ditto, Bensberg. 

glomerata Bensberg. 

elegans . . . t Ditto. 

garment need Kifel. 

Catemporu escharoides, Lam,... Shropshire, HcicfouLhire,&c. Ditto, Christiania, Gottland, Lake Huron, Moscow* 

lahynnthicu Grouiiigen, Drummond Island. 

tubulosa, Lain Christiania. 

S\ nngopma verticillata .... Lake Huron. 

ranndosa Limburg, 

reticulata Ditto. 

rwHpilokn Pfaflruth near Coin. 

Hhfonnis Groningen. 

* undetermined Glouc. Shrop, kc. 

. \gancia lobata Kifel. 

Swiiubrmana Groningen. 

Lithodeudrim cspspitosnni , . Glouc. lleref., &c. Bensberg. 

’Yiithophylium denriculutuin Niagara. 

bicostatum Kifel. 

Cyathophj limn pbcatwm Kentucky 

dmuthus Kifel. 

rad leans . Ditto. 

marginatum Bensberg. 

explanation Ditto. # 

*tm bmutum . . ^ 

# hypocratenfonm Kifel. 

cc rat lies Ditto, Bensberg. 

. fiexnosum Kifel. 

vermicular* Ditto. 

secundum Ditto. 

* %amelbiHum . Ditto. 

/ placenf iforme Ditto. 

plicatnm . y . . . Sweden. 

quudrigeminum *. Kifel, Bensberg. 

ca'spitosum Kilel. 

hexqgnnum Ditto, Reimberg. 

helianthoides Kif«, Lake Huron. 

Stnrnihodes pentagonus Drummond Island. Lake Huron, 

Astrira ananas • Gottland. «* 

purnsa Glouc. Heref. Eifel, Bensberg. 

Columnnria alveolata Seneca Sea. (New York.) 

Sarcmuln punctata, Park Gloucestershire. 

orgnnum ... Gottland. 

angularity FI. . Dudley. 


*> 


Mnstrema peutagona, Raf. . . . v Kentucky. 

Pleurodictyum problematicum * Nassau, Hundsruck. 

Hvdnophnra Shropshire. 

CjXrCCi'ff Sir.::} •■■< 

In the above list the specific names are chiefly adopted from Goldfuts. # 
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Geology. . The great number and variety of the species of poly- 
Oh- II. pari a in strata ho near in position to those which contain 

no traces of living Beings, is remarkable, and sets in a 
st/ong light the error of those who suppose the paucity 
or deficiency of organic remains in the lower strata is 
owing merely to their antiquity ; while at the same 
time the almost exclusive limitation of these remains lo 
the calcareous beds of the slfite system shows that the 
true cause both of their rarity in the one case, and their 
plenty in the other, must be sought in the cundiimu of 
the sea at the**ditferent periods. It is especially worthy 
of notice, that though nearly all the species are peculiar 
* to the slate system, most of the genera are repeated m 
the carboniferous limestone above, and seveial exist in 
the present sea, as madreporu, astrsrn, oelJcpora, retepora, 
gorgonia. — Types of all the most remaikable living tribes 
of polyparia are pieserved in these ancient repositories ; 
the lamellifcr© bear the same large proportion to the 
other corals as now obtains in hot seas, and it is evi- 


dent that the general arrangements of Nature with respect 
to the life of marine animals were of the same kind as at 
present. 

With respect to the Geographical distribution of the 
species our Catalogued and our Collections appear to 
present a remarkable contrast ; for while the former 
seem to show that a very few species only have been 
recognised at more than one locality, the general im- 
pression derived from a view of the lutlcr is exactly the 
lev eise. The systematist is perhaps too easily led to 
multiply distinctions without necessity, while the eve of 
the ordinary observer is more easily imposed on by the 
analogy of kindred forms. Ajf all events, it is certain 
that the y.oophites of this limestone arJ eminently cha- 
racteristic ol it, and some of tne genera may almost be 
taken to represent it : such are lavosites, catcnipora, 
umplexus , and yet these all occur (less abundantly) in 
the Ccuboniferous limestone*. 




Organic Remains of thl Slate System. 


FuinlU. Nnmi* 

Crinoidua. . . .IVntrrmiU's {loreahs, G 

Gaiyomnu* 

Kugvmamnus mespihiomns, G. 

IVntjimiHis pnscus, G. 

Plai) cumin \cntnrosus, G 

*p«*ntaiigij)iins 

C\uthocrmu>* tubernil.ilw* 

*rugosuN 

geometric us. G 

pumntus, G 

pontagomis. Ci 

Actiuocrimis iiiuinhioiUiis 

*3ti-daelyluh . . . 

luvvis 

cingnlatus, G 

imnicatus, G 

uoduloKus, G 

_ uiomliitMiis, G 

JleI(* , t!V*^>hiero^lyj>hii*us, G. . . 

gihliOMJs. G 

♦Rhodocrmos verus 

gyrutus, (t 

5-fiiirixtias, G 

cuiKilicu lut its, G 

creiiatus, G . . 

CupiChSomilllN CliiNSUs, G 

graudi**, G 

tesserntns, G 

Euealyptoerinus rosace us, G . . . 

Echniuspk*a?iiU\s ponuiin, \Y 

uurantitun, \V. 

graiiatuui, W 

'VVuhltai bergii, K 

EncrimteH Guthlaiidicus, W 


Radiaria, 


Uiirk lintihli lArt'ulitii'a FoKign Loeahtire. 

Calcareous Mississippi. 

Noith \mericu. 

Ditto Kiiel. 

Ditto Ditto 

Ditto J>itto. 

Ditto ... ... Dudley, Dm vuwr. 

Ditto Dudley. 

Ditto Shropshire Ooland, Dalecarlu, Kiirl 

Ditto Kifrl. 

Ditto. 

(Groningen. 

Ditto Dudley. 


Life). 

Ditto 

Ditto 

Ditto. 

Ditto. 

Ditto. * 

Ditto 

Dil to. 

Dudley Ditto. 

Ditto. 

Ditto. 

Ditto 

Ditto, 

1 htto. 

Ditto. 

Ditto. t 4 '* 

Ditto/ 

(Viand, Kmiiekillltt, near'St. Petereburgh. 

Mossiihiirg, Westrogothio. 

Oelund, Dalecarlia. 

Gulf of Christiania, 

Gottland. * •* • 


I« the preceding list of radiaria, all the species named 
by other authors than Miller, have the initials of those 
authors, as Goldfuss, Wahlcnberg, Esmark. The thirty- 
four species here collected have all vanished from the pre- 
sent ranks of Creation, but we find at least four repeated 
in the carboniferous limestone. Six of the thirteen 
genera areudso continued into that limestone, and two, 


(eugeniacrinites and pentacrinites,) tjic latter of which is 
unknown in carboniferous limestone, are rather plentiful 
in the oolitic rocks. The crinoidea of the slate system 
are almost exclusively found 1 in limestone, and only 
locully distributed in that rock. x No 4rue echinida or 
stellerida have yet been described from these anejent 
rocks. 


Organic Remains of the Slate System . 

CONCHJFERA. 

Family. > Nunio. British Localities 

Plagymyooa ..... Trigouia sulcata, G. 

coocantrica, G. * a 

undetermined, Ph. ...... Wear Kirby Lonsdale. 

Cantina costellatum, MUn. .... ................... 




Foreign Localities 
Lindlar.' 

Ditto. 

Blberoeuth, league. 


t 
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Xjology. F,m{ly ' _ . Nntne. British Localities. Foreign Localities. 

Ch II. Wagymyon* Cardium hybridura, M. Klbemeuth. 

' , lineare, M. Ditto. 

priscum, M. Ditto, Prague. 

striatum, M Elbersrepth. 

*al«forme, Sow. ........ Plymouth, Newton Bushel . . Eifel. ‘ « 

costellatum, M El be rare nth. 

gracile, M. Ditto. 

plicatuin, M. Ditto. 

trinartitum, M. Ditto. ' 

fasciculaluin, G Kemmenau. (Ems.) 

, marginatum, G Ditto. 

curpomorphum, Dulm Sweden. 

Isocardia llumboldtii, H®n Wissenbach, near Dillenbnrg. # 

Veuenciinlium retroatnutum, v. j MarteuberR. (Wald**.) 

'Srassatell Jobsoletik, <4 Wipperfiirth. 

Lucina *p\acia, G ..... Eifel, Be ns berg. 

*hnefita, (1 Ditto. 

rugosa, G. Ditto. 

♦cincta, (J Ditto, 

Tellina obhqu% G Kemmenau. 

Cyprina nunuta Eifel. 

Corbula zonaria Jhtto. 

Cytherea Okem, M Kegnit/losau. 

infiatu, M t., Ditto. 

Ilisingeri, M Ditto. 

elongatn, M Ditto. 

Iiilobata M. . . f Ditto. 

suhcylinilrie.i, M Ditto. 

intermedia, M Ditto. 

Sangimiolaria gihbosa, S Altenahr. 

unduiata * S Siebengebirgc. 

conceutrieu, G Eifel. 

lamellosu, G. Ditto. 

dorsata, (i Ditto, Altenahr. 

fruiicata, G* Ditto. 

phaseohnu. G Ditto 

solenoides, G Siebengebirgo, Altenahr. 

Phnladomyu radiuU, G Eifel. 

Solen ^pelagiciiN, G Ditto. 

vet ust us, G Ditto. 

*Mega)odi»n cueullatwm, S Newton Bushel l’fafliath. 

Modiola Goldfussii, ll.l*n Eilel. 

uutiqua, G Kins. 

Gothlundnra, II is Gottland. 

M\tdu« vetusfus, G Dillenburg, Tjpprr Canada. 

Arca'pngca, G Kloster Bruck. (Sollmgen. j ^ (- 

Nticula aiitnjua, G ... llarz. Eins. ' 

•imhnoideH, G Ditto. 

for nieat a, G Olpe. 

HOcmi^rmis, G Ems. 

pmgius, G Ditto. 

Mesomyoua. Aptychus antiqmis, G Geistlithcr Berg. (Ilerborn.) 

* Isnvigutus, G Eilel. 

Avicula obsoleta, G Abend the ner. (Iltindsruck.) 

Jy>ida, G. Geistlicher Berg. 

Pterinea ventrieosa, G Kemmenau, Altenahr. 

f cost at a, G Ems, Siebengebirge. # 

lmeata, G. Kemmenau. * 

* lamellosa, G, Siegen, Harz. 

reticulata, G Iserlohn. 

radiata, G Ditto, Eifel. 

* jjarmata, G Pfaffendorf, (Coblenz,) Oneida, N. A. 

/plana, G * . - Kemmenau. 

• f trigono, G Ditto. # 

, Posiuonia Becheri, Bron * Geistlichcr Berg, Riinderoth, Frankenherg, Weitkn 

longitudiuulis, B \ Kdderbringhausen. (Frankenberg.) 

Pecten graudwvus, G. Geistlicker Berg. 

G . Harz. 

Neptuni, (J. Eifel. 

prinugemiiH, G Wissenbach. 

Milnsten Ditto. 

undetermined, Phil Near Kirby Lonsdale. 

Gryphaut undetermined, P Ditto. 

Pllgiostuina ? or pterinea nude-1 .-v .. 

. , termined, P. ..... | ‘ ‘ 

Brachiopcda ... | Leptlm^a , Dal S. . DudUy, Plymouth Eifel, Gottland, Lithuania. 

*BCot.ica, Q T EifoU 

^hemisphwrica, S Ditto, Cat skill Mountains, Allwiny, Lexington. 

rostrata, $ ... Mentberg. 

I ♦anlcata, CaUkUliMawtua** 

AnomulfL S _ Plimimith 


Gwl< 

c%. il 




Geology. 
Ch. II. 

S^w» y 


57 e> GEOLOG Y. 

y 

Family. Name. Hrltisdi [.ociilltief. Foreign LocaliUus. 

Bnehiopoda . . . f,"*' [narciuulata, G Eifel, Catikill Mountain*. 

lata, v. Buch . Sweden ? (found at Giistrow.) 

1 «ug!yj)ha, 1) • * . . * Eifel, Gottland. 


3ft?- 


rugosa, 


n i Ditto, Ditto, Catskil) Mountains, Oeland, Sclumeni 

* -J Dalecarlia. 

. n j Gottland, Oeland, 8chonen, Dalecarlia, East and 

transveTsaiis D { West Gottland. 

dettexa, D East Gottland. t 

SSStiLl 

couvolutu, G Eifel. 

lurcuta, G «... Ditto. 

capillata, G. 1 Ditto. 

striata, G Coblenz. / 

pectinate, G. Eifel, Coblenz/ KaisersvM hi * 

nuuuta, G Kitel <* 

♦scabrieulu, S Ditto. 

r . t Ditto, Borenshult, Fast and West Gottland, Cate- 

Ortlm, redn. U { kill Mountain., W.j.perf urth. 

*striatella, 1). Gottland, LithuuuKi. 

sonata, D Rorcnslmlt. 

callactes, D I1iik1»\ ijoel, Hlanda, West Gottland. 

rulligrama, D Skarp.lscn, East Gottland, Trentonl'nlls 

testudinarm, D 1 Bojcnshuit, iilankeiihcun, Trcntouf.ilK 

basalts, D Gottland. 

elegunlula, D. Ditto, 

deiuisKii, D Oeland. 

iiovcni rudiatu, D Ditto. 

radiat.i, 1) Eifel. 

costata, D. Kentucky. 

rugosa, Kaf. bake Huron. 

granulosa, G C atskill Mountains. 

faseiculata. G .. Kitel. 

undulata, U Albany. 

nodosa, G . Eifel, 

Deltlivris, D. | * ,, in i l 

gpirifcra, S. ( mul,ma - S Wanlosnhfiin. 

♦attenuate, S Eilel, Coblenz 

•obtusu, S )‘l\ month. 

♦rotundata, S Newton Riu*hcl. 

♦lmcata, S Dodb \ . 

dislaus, S . J’l\ mouth. 

♦reticulata, S Ditto 

pentagons, S Ditto. « 

cuspidate, S. | _ ...... Ditto Kitel, Bcnsherg, Coblenz. 

- eleVnta, 1). ) n 

S *‘ s w*fliabra, S Ditto. 

a) at a, S Cohlenx. 

♦ambigua, S Blankrnheitn. 

♦decuman*, S Newton Bushel. • 

♦distuns, S 1*1} mouth, 

♦uctophrata, S. ( 
crisjia, D. j 

exporreda, W Gottland. 

tfupczoiduhs, Ills Ditto, Kfufliath, Kifci. *■ * 

cyrtanu, D Gottland, Jftilel, Bensberg 

# subs ul eat a, D. . , Oeland. c 

^itychodos, D Ciottland. 

cardiospermiforiris Dudley Ditto 

ptiBio, II Ditto. 

psittacea, W Duleciulm. ( ♦ 

jugata, W Ditto. 

♦lavicoBta, G. •. Bensberg, Kitel, Coblenz. \, | 

microptera, (t Glouc^ lifref. , Kitel, Alleghany, SiolKingebitye,. /fee. 

trianguUns. S. 1 Hen»b,-r B . 

compress*, G. f * 

heteroclyta, C*. Eifel. * 

macroptem, G Catskill, Coblenz, Kins, XI. « 

leptoptera, G Kitel, Lindhtr. 

« paehyoptera. G Hudson. (New York.; 

carmhfera, G Benslaig 

canaliculate, G. Ditto. 

♦stnatula, G Ditto, Eifel, Christiania, Trentonfalls, Xc. 

Pentaroeru* Knightii <?/) v « . . * 

Aylesfordu, 8. J 1 W) lu] ^ I,uW “ lou » *“’• * * • E,feL • 

lwvis, S. . . * Near Ludlow. % • 

Gypidia conchidiunt, D C4ottia©d, Lithuania, 

cryphoides, G Pfafltath. 

fcvis, G, * Ditto. 

Strygocephalua Burtini, Defr Bensberg, EifeJ. 

itmttia, G. * * . . . Kifel 


Ditto Ciottland, Kifei. 
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Brachiopoda 


Kama. A Britiih Localities. 

‘TeX^'sow.} affini ‘* S - Dudley. Plymouth, Lfdbury. 

aspera, Schl 

canaliculate, D 

galeata, D. 

micella, J) 

craswirontris, 1) 

lenticulariq, 1) 

s cawmlea, 1) 

dorsata, Ilia 

prunmn, D 

tuinida, 1) 

tunmlula, His 

miciila, 1) 

mtida, G. 


^ 

* Tuivwatiila * lateral in, S 

\ * cnimena, S 

I* pnfT'*» » 

%k Mantifp, S 

\ acuminata, S 


Plymouth 


juJhecta, S Newton Bu.shel, 

* platylo'.m, S Plymouth. 

Tlcnnahiauu, S. ....... Ditto. 

gigantua, S Ditto 

rot vi ml at n, S Ditto* 

lachryma, S Ditto. 

triloba, G 

camihcwlnla, G 

ipimcpielatera, G 

tiichotnmn, G 

pcntagona, G ! 

Wahlvnbrrgu, G 

subglobusa, G 

bitnlu, G 

rUvate,~G 

amygdala, G 

(oiiccntnra, Brown 

lieterotypa, Brown , 

* phcatella, D Plymouth 

lucunosa, Wahl llcrefordshiio 

* thudonta, D 

cuneata, 1) 

hidvnt.il a, Ills 

imir^iuahs, 1) 

<hd)nM, 1) 

.r.divcla sandalirm, Lnn 

(.Miiia | •risen, ll.rn 

Orhicula roncvntrica. v. Bi.ch 

mgniu, Murchison Ilvntovdshnv, Ki’ln Lonsdale 

Lingula undetermined, Murchisn Ilereibulahin 1 


Foreign Localities. 

Eifel, Bensberg, Weat Gottland, Ac. 

Eifel, Bensl>erg, Gottland, Christiania. 
Oelund, Lithuania. 

Eifel, Gottland. 

East Gottland. 

West Gottland. 

Oeland, West Gottland, Andrarum. 

GottlamL 

() viand. 

Gottland. 

Ditto. 

Ditto. 

Sehonen, 

Lake Siincoe 
Eifel. 

Ditto, Lake Huron, Lirdl vr. 

Eifel. 

Ems. 

Eifel. 


Eifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

lJoionshuh, Hush) ijuc', Ihi>t Gntil&iuL 
Poragruinl, { »\oiwa ) .) 

Eiie’i, (»<>tlluud. 

(toltliind. 

Ditto, Djiipnken. 

Khnlcnerg, Gottlnml. 

(lotlbimL 

Kiiel. 

Ratingcii [in greywaeke^ .. 
Muitcnlnig ( Waldtcrt.) 


Goo 

'Ch, 


All the loading (lixismiiH of living cmiclufeni lire re- 
cognised in the shells of the shite system, hut there is a 
singular contrast between the present and the ancient 
systems, as to th ^ yelalive proportions of these divisions. 
• A short tabular eompaiison will render this very e\i- 

dent. • 

, Of 100 egnchifera now living 80 ate plngymyonous ; 

18 mesomyoiious ; 2 bracluopodous : belonging to the 
^slate system, 27 //c plagyimonous ; 11 lnesoinyonmis ; 
62 brachiopodoijJ Of 78 species belonging to plagy- 
myotm and i«cjfImvonn, 3 are repeated in carboniferous 
limestone, and JO of trie 1 1 genera which inchfde them 
are continued through a long range of secondary rocks. 

Nearly all the 15*11 era (as yet imperfectly under- 
stood) of the brfohiopodous bivalves are also found 
„ _ abundantly in carboniferous limestone. Of all these, 
*•** terebratnla is the only one now living, and it is very 

correct to say that the forms of these “ primary” spe 
cies recede m^ch more from the living te rebrat u lie than 
do those of the less ancient secondary strata. The mus- 
cular and ligameutul structure of these, animate, could it 
be well made out, Would surely afford very curious 
results. The shells are most frequent in the limestones, 
but not by any means confined to them. Of 129 spe- 
1 cies included in the preceding lists, 17 occur also in the 

Vlll Vf 


carboniferous limestone, and for the most part abun- 
dantly. The localities in which these shells are stated 
to occur in transition limestone are, Plymouth, Newton 
Bushel, anil Torquay in Devonshire, 10 species ; Isle 
of Man, 2 species ; Merborn, Blankenheim, and the 
C'atskill Mountains. We intyst ’leave it to future ob- 
servers to say, whether any other such coincidences 
occur at these and other places, and whether it is quite 
certain that the limestones of Devonshire really belong 
to the transition senes, a point on which we cannot 
avoid feeling some doubt. • 

# *The following eonehifera, chiefly collected by Mr. 
Weaver from limestone in the South of Ireland, are 
referred by M*. De la Beche to the transition limestone. 
We have found in comparing this list with that of fossils 
indubitably belonging to the carboniferous epoch, so 
extraordinary an identity, and on the other hand, when i 
compared to characteristic fiissils of transition limestone 
obtained from Countries in which its Geological rela- 
tions are certain, so marked a discordance, that we must 
tor the present keep the fossils from the South of Ireland 
separate. 

Isocordia *obUftiga. 

Spirifera 'cuspidate. 

'glabra. 

4 a 



GEOLOGY 


5 * 7 * 


Geology* 

Ch.lT 


Spirifera *obtu«u. 
•striata, 
•pinguis. 
reticulata. 

Terebratula •crumeno. 

•cordiforrois. 

•pugnue. 

•rostrata. 

+aftmis. 

♦laevigata, Sch. 

elunguta, Sch. 

•acuminata. 

« *lateralu». 


« Terebratula •renifurtma. 

Product* *Scotica. 

•Martini. 

•concmua. 

•lobuta. 

•punctata. 

•fimhriata. 

-(•depress*. 

anomala. 

Iu the above list the specie» marked * are commo:* 
fossils in the carboniferous limestone, those marked i 
are ttsual in transition limestone. 


€b, 


Gasteropoda 

British Liruhties. 


F.miiiv. NauiC. 

ulostoiuata Patella H cornea, W 

penmeostes, W. 

concent nca, W 

Ncptuni, G. 

pnmigona, G 

( Pileopsis *vetusta, S. Plymouth, near Ludlow. 

prism, G 

compressu, G 

Sigaretus ? rugosu.s. G \ . . . 

Nenta subcostata, G 

* spirata, S Ditto. 

DclpliinuU ? uMpnlnteru, W 

obvallata, W 

cornu arietis, W 

ill utii, W 

subculcata, His 

1'uomphalus angulosus, S Hcnthall Edge. 

discors, S Shropshire, Dudley. 

* nodosus ? S 

, rugosus, S Colebrook Dale, 

* cat ill us, S 

funatus, S. Shropshire, Ledbury, Dudley. 

Bpinnmift, G . . . 

* Ibbvis, G 

radiatus, G 

striatus, G 

articulatuM, G 

depressing G 

Delphiuuloides, G 

trigonalis, G 

" -^jmnatus, G. 

angfttatus, W 

Hubstriatns, His. 

centrifuguR, \V 

costatus, Ilis 

Cirrus * acutus, S Plymouth, Tutworth. 

exalt atus, G 

ellipticus, Ilis 

Turbo •tiara, S Plymouth. 

bicarinatuK, VV 

arm at us , G 

u idosus, G ’ 

Plcurotomaria striata, S 

cimformis, S Ditto. 

Turbo cmlatus, G 

purcatus, G 

ttotella hcdicinoBforinis, G 

, Turritella cingulata, II s * 

Inh neat a, (i . , . 

coronata, G. 

abbreviata, S Newton Bushel 

Hpinosa. 8 . Ditto, PLymouth 

striata, G 

* , ob sol eta, G 

Pliasiauella ventricosa, G 

buccinoiiles, G 

i uniform! m, G 

lolenustomata . . .Murex ? harpula, L. .......... Plymouth, Newton Bushel. 

Brccinum •acutum, S Plymouth ' 

imbricatum. S Plymouth, Newlon Bushel . 

breve, S Newton Bushel. , 

arc uatum, Schl 

Terebra *E(£mifthiaua ......... Plymouth. 


KinnekUllc. 

Ulauda. 
Mdsseberg. 
Ei lei, Olpe. 

Pfufli ath. 


Fomjpi D-hmIUio *. 1 




Eifel. 

Ditto. 

Ditto. 

Pfaffrath, Kms. 

Gottland, West Viottland. 
Dalcc.irliu, Oeland. 
Gottland. 

Ditto. 

Ditto. 


Eifel, Bensberg. 

Lake Erie. 

Benslierg. 

Ditto. 

Eifel. 

Ditto. 

Ditto. 

Ditto. 

Bensberg, Kite), Dillonherg. 
Bensberg, Eifel. 

Ditto, Ditto. 

Gottland. 

Ditto. 

Dnlecarlia, Wiknrby, Gottland. 
Gottland. 


E. lei. 

Dalecarha 

Wikarby, Dalecarha, Borensb i J % Ike. 
Eifel. * 

Ditto. 

Kms. 


Eifel. 

Bensberg. 

Ptailrath, Eifel. 

Gottland. 

Bensberg, Pfaffrath, Eifei. 
Pfaffrath, 

Bensberg. 

Eifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Bensberg, Pfaffrath. 
Bensberg. 


I 

V 


Ditto. 


) 
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family. Name. 

Mouothalanua, . . .Bellerophon *tenuifascia, 8. 

♦cornu arietta, 8. . . . 

♦apertus, S 

♦costatus, S. 

undulatus, G. 

stnatus, G. 

Hupachii, Def. 

« Caucaaicus, Fischer. . 

cicatrisatus. F 

hclieoidos, F 

nodulusus, G 

Polythahuma Conularia *quadnsulcata, S. 

♦teres 

f amidatu, llam. .. 

i ei Actum, S 

ulare, S 

uiatum, S 

alum, S. . 

anteum, S 

uudulatum, S 

acuanum, M 

refill are, Sch 

striate punctatum, M 

cingnlatum, M 

torquntuui, M 

♦Stemhaiyni, S 

curmatuin, M 

lineai e, M 

irrogularc, M 

commune, VV 

duplex, \V 

trochlcmu, Dal 

central**. J) 

tnrlunatimi, D 

gmeile, Blum 

rectum, Bose 

oxeentneurn, C i 

uoduluaum, (i 

im lineal mil, W 

ngulatum, \V 

lmeatum, II is . . . 
stm (latum, V. Meier . 

iiitiitum, (t 

. Cyrtoceras semilunar*', (i. , . 

, depressum, G. . . . , 


Polythaluna 


* compression, l». . 

oinatum. (i 

ainiulatmii, G. 
lineal um, (?. . 

. .Rpnula citiijneHsa, G ... 

nodosa. G. ... 
costal. i, G . . . . 
uuiiulal.t, G . 
car mat a, (i. 
dorsata (J. . . 
constricts, 'fi. , . 

* Nautilus divisus, M. 

intermedins. M 

ovatus, S. 

Liiuites perlectiin, \\ 

» | irnperlfctus, \\ 

J undescribed . . 

I /mmonites (Gomutit* s \ 
ft Cion, exnansus. v. 1* 


(#on. expaiisus. v. II 
ovexus, v. B . . 
Noeggciathi, G ... 
y^ulniautilimis, Silt. 

' prinumliftlis, Sch. . . 

Bechen, G 

pnscus, (i 

antiquus, (i 

Haminghuusii, v. B. 

Mtinsteri, v. B 

simplex, v. B 

inulliseptaluH.'v. B. 
inwquistriatiM, M . . ' 

, fiemistriutue . . .• 

•{MDcioSUH, M 

retrorsuw, v. B. .... 
Dalmanui, II is 


• Cephalopoda 

HrtUsh Localklei, Foreign Localities. 

, Newton Bushel. 

Catskill Mountains. 

Eifel, Plattaburg, 

Plymouth Lithuania, 

Blaukeiiheim. 

Ditto, Bensberg. 

Pfaffratli. • 

Moscow. 

Ditto, 

Ditto. 

Benuberg, liar/. . * 

Gloucestershire Canada. 

Lochport, Kifel 

May near Caen. 

Ilercfordshm*. 

Dudley, Hereford#. Plymouth. 

Salop Eifel. 

Malmoii, Christiania, New York 

Klbersreuth, Eifel. 

Tzarkos-zelo. (St. Petersburg.) 

Klheisrcuth. 

Oelainl. 

KlberMreuth. 

Ditto. 

Ditto, 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

In Sweden common. 

Kimieknlle, New York. 

Solleroe (Dalecarlia.) 

Ditto. 

Oelainl. 

(ieisthcher Berg, Wissenbach 

, K nchel. (Prague ) 

Beusberg, Gladbach. 

Eifel. 

Gottland. 

Ditto. 

Ditto. 

Geistlicher Berg, Frunkenberg. 

Ei tel, Gottlaud, Lake Huron. 

Bensherg. 

* Ei tel. 

Ditto. «*• 

Bonsberg. 

Eifel. 

Ditto. 

Kiliach. (Dillenbu^gv , ' 

Eifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Montmorency Falls. 

Geisthcher Berg. • * 

Ilof* Schliutz. 

Ditto. 

Mosseberg, Reval. 

Jungby. (Sweden.) 

Herefordshire, Y orks^ire, 

... i Gcistlicber Berg. 

Eifel. 

Ditto, Wiusenboeh. 

Wissenbach. 

Harz, Goslar. 

Dilleuburg. * k< 

Ditto* 

Ditto. 

Bensberg. 

Klbersreuth, 

Goslar. 

Eifel, 

. * Klbersreuth. 

Ditto, 

Ditto. 

1 * Martenberg. (WaJdeck.) 

Gottland. 
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The mollusca of the slate system range themselves 
under 16 gasteropodous and S cephalopodous genera. 
There are stated to he 64 species of the former and 
79 of ‘the latter. The gasteropodous genera are mostly 
thought to be identical with those now in existence ; 
excepting nautilus, all the cephalopoda are extinct gene- 
tically. All the species are extinct, though N. caurena, 
Lam., is (we suppose by mistake) quoted as found in 
America. 

The ammonites of this system are of the same generic 
types as those *in the carboniferous limestone, with 
waved or angulated, but not foliaceous suture^ 

'From 4 the South of Ireland we have, 

Melania constricta.* 

Pileopftis vetusta * 

Ncrita. 

Cirrus acutus * 

Euomphalus catilluu.* 

I Pleuromaria rirriformis. 

Bellerophon tcnuifascia * 
ovatiiM. 

Orthoceros striatum. 

puradoxicum. 

Nautilus globatus.* . 


, Nautilus multicarinatu*.* 
cariniferus.* 

(Kllipsolithes) funatus. 

compressus. 

ovatus. 

Ammonites. 

In which list the asterisks show analogy to the carbo- 
niferous limestone, while perhaps not a single fossil is 
characteristic of the transition series. 

Out of 143 species pf mollusca in this list, 16 are 
marked as also occurring (for the most part plenti- 
fully) in the carboniferous system. The localities which 
produce these shells are the Devonshire limestones 
before mentioned, Blankepheim* Lake Prie, Shrop» 
shire, and the country about ISIcA *York. Wc recom- 
mend the further consideration j»f this subject to the 
special attention of Geologists/ in connection with 
Mr. Murchison s recent discov^ies in the upper slate 
system of Wales, in which ail his researches appear to 
show a constant and complete difference between the 
fossils of the transition series and those of the carboni- 
ferous limestone, separated from it by four thousand 
feet of old red sandstone. 


Annulosa. 

Serpula epithoniu, G Bensberg. 

ammonia, (r Kifel. 

omphulodes, G Michel Dean, Gloucestershire Ditto, Betisherg. 

soaalis, G Ditto ditto. 


Family. 

Trilubites 


Crustacea. 

Ndnm. Urltish Lnriilltie*. Foreign Licnlitlch 

. Calymene Blutneiibuchii, Bt. .{ Jortworll,, Char- 1 Ohio, , Newport, Utica. Hcaniu, (MroguthM, (i.XtUnd, 

J \ field, Shropshire ..... J Ktfel.Jbc. 

macrupbthalma, Bt Dudley, Shropshire Dusseldorf, Dillenburg, United States. 

varmlariB, Bt 1 Dndiey, Wlmry, lierelutd- 

( shire, Shropshire. 

Trifttani Bt. J Kifel, Brenville, Fulaise, La Ilunnudiere. lie t me* 

* * \ Afl|;iT8 

bellatula, Dal Uiisbyijoel, (Ostrugoltl.wid ) 

ornata, D Ditto 

- verrucosa, D Varvin^, f West Gotland ) 

'TS&S J oma, D Ljung, ( V\ est Gnttlaml ) 

actmura. D Berg, ('(ktr.igo 1 timid. » 

schlerops, D . Furudal, (Palecuilia, j rkt.vjroMI.'iii'i. 

Schlottheimii, Broun Bljiukeuheim, Daun, Ge-olsVm, 

latifrons, Br Ditto ditto ditto 

concmna, 1) Gottl.md. 

protuberant D V\ estpluilia. 

punctata, Wahl Gottland. 

lmviguta, G Geruktein. 

arachnoid*)**, Q Ditto. ■ 

speciosa, Steiislmrg .* Oeland, Rhhman 

flwpadis, Meyer Dillcnhurg, Ilerborn. 

Asaphua cordatus, Bt Gottland. 

caudatus, Bt Dudley. Ledbury, Tortworth. 

cornigerus, Sch * ' St. Petersburg. 

Ilausmanni, Ht Ambresbury, Nehuu, Prague, { tliskill Mountain*. 

De Buchii, Bt. Llamlilp, Bualt Eifel, C!\er. f N or wav ) 

mucronatus, Bt Mbsseberg, (West Gottland.) 

expan&us, Wahl Dudle) /. . * . Sweden, Norway. 

granulates, Bt Varying, Olleburg, ( West Gottlund,) FuriidaL 

extenuatus, W Ilusbyt joel, Hedu. (Ostrogottland.) 

Brongniarti, D KitVl, May, Nehou. \ 

angustifrons, 1) Ilusbyfjoel. ' 

Heron, D Kumekidle, Wikarby. 

platynotUB, I) West (Gottland. 

frontalis, D Ljung. 

lwviceps, D Himby fjoel. 

palpebrosiw, D Ditto. 

crassicauda, W • Ditto, Christiania. Tzarkos-ieio. 

dilatatus, D, .... Norway, 

auriculatui, D. KarMeni, 

Bucephalus, G Eifel. * 

amfctuz, G Ditto. 

fkhroeteri, SchL ... * .! Reval. 

velatui, SchL ......... Ditto. 


, 4 rfiskill 
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Funll) 


Nitrne. British Ixxalltioi. 

Aiutphug, myu|f», Kaeni^ DudlryV 

pushilatiw, Schl. , 

liZi’nli. I “ ,nt#nn “' D 

tviitrofiw, D 

hiticuuria. 1) 

cnt«KK*AU(la, I) 

11 

gfotnmmiB, D. . . . * 



Ogygui, Gur.rtanh, lit 

lit 

WahlrnlnTgu, lit 

• SilfiiiMui 

I’arudoxitf hk, Bt. ) », .. ... 

,vV Slidnni. Bt 

Oleuus, D.*. J 

Sul An, Bt 

hpuiAusim, Bt 

gihlmNis, Bt 

- sicaruboitlus, Kl 

lloftii, G 

Bucephalus, Wahl 

niiieruCephalus, (i * 

tl.ibelhlei , (i 

Agnostus pj silo i urn, 1) 


Foreign Local! a?». 


Gottland. 

Otland, 

H unbyfjuel. 

Osintmdsberp. ( Dalecarlm ) 

IluHhyljcad, Christiania, Tzarko-Melo. 

Ilusbyfjoel, Skurpanan Scania, Ac. 
lliihhyfjoel. 

Ditto, Slouputmn, Varying. 

Angers. .* 

Ditto, GeroUteui. 

DlMo. 

Mount Schnectiuly. (North Anietica.) 

Olstorp, ( West Gottltuuh) Gme/, (Bolieimu.) 
(iimz. 

Amharnm, Scania, West Gottland. 
Kumekiiile. 

Faikopiug, (O.strogottlamk j West Gotthuni. ^ 
Gmez. 

( lUtorp 
Kit’ei. 

Ditto. 

Kmiieku'ile, Mosschcig. 


i 


The greater part of these Crustacea are peculiar to 
the slate system, and are distributed extensively along; 
its range, generally in the upper slates and calcareous 
beds. No trilohilc has yet been found in tlujse strata 
in .Scotland, Cumbnn, Cornwall, or Ireland, but many 
species occur at Dudley, in Shropshire, Here lord shire, 
and South Wales, as well as in Sweden, Norway, about 
St. Petersburg*, the Harz, the Eiftd, at Angers, and in 
North America. Several species* yet undescribed belong 
to the carboniferous limestones of England, which ap- 
pear different trout those of the transition limestone. 

Fisiti-s. 

Traces of fishes have been found at Dudley, Tort- 
worth, and in the tjilel. 

(i I'NKKAI. iSl?JLIMAtt\. 

There are 5!)3 species of organic remains, of which 49 
are aKo found in l lie carboniferous limestone 7worc alum- 
( tantly . f rhe principal localities for these species in the 

* slate system are Devonshire and the banks of the 
Rhine. If we include the shells of the South of J reland, 
the repetitions of spj^jes amount to (i:£. 

• Plants .... 14 species, of’ which 4 ate muruu*, 10 terieslrial. 

1’olypuria . 87 • . . lU>ri'K.i 7, coiticiler.i 2, cellulifem 4 1, 

laimdhtera .M. 

Raih.irin . . I T 

Conchifeia. -0f> .. plagynnomi 5 r >, mesuniyona 2.5 tmi- 

# , i chiopoila 1 '1H 

Mullusca .. 143 . jf gasteiopoda (it, cephalopoda 7'>. of 

j which 11 am monuthal hiim. 

Aimulosa.. 4 ^ • 

GrusUct.i .» 05 

553 sj>ecies.^i[l marine, except a few plants 

Fishes 

* - Secondary Strata 

- * * 

Ca rbott ifrnms System . 

Physical At the commei|mnent of the second great period in 
geography the deposition of the stratified crust, of the Earth, that 
nod * flurin tf which the seconduiy strata were ^deposited, the 

ruK ‘ surface of the Globe, as far ns thin ctyt he known from 

observations so long posterior, wiis*ln a very different 
state from that which has been inferred to have I been its 
* condition before the deposit of the primary strata, Then 


it is probable that little drv land existed, and perhaps 
most of the mechanical aggregates of the primary senes 
were* produced hy agitations of the comparatively shallow 
waters of the Ocean ; but non many mountain ranges 
and groups may be traced dividing the Ocean into seas and 
gulfs of various depths and unequal area, within which 
materials swept forcibly by inundations from the land 
were mingled with chemical precipitations from the water. 
Thus the primary ranges of Scotland, England, Wales, 
and T relaud, the South ol Fiance, and the North of Her 
many, are in many parts enveloped in (luck strata oi 
conglomerate sandstones, shales, coal, and limestone ; 
and these deposits begin to assume more local charac- 
ters, dependent on tire varying Physical conditions ol the 
particular case. 

The shales and sandstones, which are evidently the 
result of the mechanical action of water, contain the 
rchqtme of plants in great abundance, and the coal 
seams are wholly lormed from the matter of terrestrial 
vegetables: but the limestones are full of marine shells 
corals, and ludiated animals. From the lot met we learn 
the condition of the land, from the latter that ol the sea 
The high temperature during the deposition of the pri- 
mary strata, indicated by the remarkable consolidation 
of the rocks befoie the carbonifejout* era, may likewise 
be inferred from the tropical character of the plants 
associated with (lie coal seams, and the coralline and 
other zoophvtic animals embedded in the limestones ol 
the ctirboiiilei ous epoch To this period likewise belong 
many mineral veins, many eruptions of basaltic wicks, 
anil other effects of internal heat * 

The cat bo in fe rotis deposits are generally very distin- 
guishable Iron) those or the primary group ; most re 
markably so, where, as is generally the case. I heir 
accumulation was preceded by a greqt elevation of 
the slate mountains : but in several instance* the change 
from the older slates to the shales and sandstones of the 
superior group is very gradual, (Hetefordshuv,) and un- 
accompanied by violence, and the organic remains are 
mostly congenerous. It is not then a new Creation, nor 
even anew System of Nature, that we are called upon to 
examine, but another step in the scale of periodical 
operations, whereby the vacant Planet was replenished 
with life, and fitted for the residence of Man. 
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In England th** carboniferous system, when fully ex- 
panded, admits of di\ isiou into three series: 

'Hie old red sandstone, 

* fhe carboniferous limestone, 

r The coal formation ; 

mid in many parts, (Somersetshire, Monmouthshire, 
Derbyshire, Ac.) these are not only distinguishable 
but even strongly contrasted ; the first by its red sand- 
stones, and conglomerates derived from the neighbour- 
ing primary mountains ; the second by its almost un- 
divided mass <nf limestone full of marine exuviae ; the 
last by its shales and argillaceous sandstones, bands 
T»f ironstone, and beds of coal. Hut, in Yorkshire, 
the limestone series begins to he intermingled with 
coal, sandstones, ami shales; in the Northern parts of 
Northumberland these two senes are intimately blended ; 
and in I lie Island of Arran the diminished deposits of 
coal and mount am limestone are included, and almost 
lost in one vast mass ot led sandstone, with no clays and 
conglomerates. 

There is nothing peculiar in tins- we shall find ex* 
actl> similar phenomena among the superior formations. 
In fact, it is certain that among all the formations pos- 
terior to the slates, the distinctions of strata are mostly 
local, mid even the formations themselves, however ex- 
tensive, are limited within the circuit of the anciently 
c evated pi unary mountains. Nevertheless, the red con- 
glomerates when present usually appear at the base of 
the carboniferous system, and the coal deposits ure most 
plentiful at the top. Tins appears a natural consequence 
of the state of the Earth's surface when the formation 
begun. The conglomerates should be most abundant 
in the oldest deposits, because they are evidently the 
result of the transient v iolence attending the elevation of 
the primary strata which they surround ; then, in the sea, 
the period ot succeeding tranquillity is marked by the 
most decided accumulation of marine spoils ; and these, 
according as they took place in deep water or near the 
shore, retain a pure ■ qpeame character, or are mingled 
with the spoils of the land, which, increasing in quan- 
tity, finally buried them under the vast muss of coal 
incasuies 

In describing (bis series we shall confine ourselves 
principally Jo die Hntish Isles. 


Old Red Sandstone Formation. 

Oo^m ui In most eases the production of this rock is evidently 
this tumia- the effect of general cquvulsive movements. The slate 
* lon ' rocks ot Cumbria, exposed upon their recent elevation 

to enormous waste and degradation, were rolled to 
pebbles, which were collected into hollows or rude val- 
' levs, and reunited by a basis of red sandstone or red 

marl nto vast, irregular beds of coarse conglomerate. 

• The mountains of Scotland are in the same wnj burn 
dered by enormous accumulations of the same character ; 
and those of North and South Wales are flanked by 
extensive deposits of pebbly led sandstone. 

This lowest, member of the carboniferous system, 
though varymg in character m every different cliff and 
district, and irregularly distributed, is an extensive and 
important mass of strata. 

In thcCmn- The limited tract of old red sandstone adjoining to 
hriaii ills- the slate district of Cumberland and Westmoreland, lies 
ira-t. principally cm the Eastern side, where it appears in 
patches, in MelMell* at Dacre Castle, Sedbergh, and 
Kirby Lonsdale, and near Kendal. In all these siiua- 
tions it is a very coarse congininerate, with a basis of red 


sandstone or red marl, filled with fragmented masses, Ctaokig 
almost entirely derived from the neighbouring slate Ch. II, 
hills. Some of these fragments are quurtz veinstone 
with micaceous iron ore. Each little patch of conglo- 
merate is nearly confined to a particular vulley, and 
seems, in fact, to have been accumulated by currents 
whiih in the ancient times of disturbance passed down 
that hollow. No organic remains have ever been found 
in this rock around the district of the Lakes. In some 
place*, the quantity of pebbles is diminished, and the 
red sandstone forms separate beds ; (Shupwells ;) in other 
places the red clay, alternating with blue and white 
lavers, (as at Kirby Lonsdale,) so closely resembles the 
new red marl, that nothing bujf«the Geological relations 
could determine the difieren^e of the deposits. As 
might be expected in such a h *terogeneous mixture, the 
beds and joints ot the conglomerate beds are irregular, 
audit deserves attention that hit he i to no mineral veins 
have been found 10 traverse it. Veins ol calcareous spar 
occasional I v divide it, and, vvliat is remarkable, the peb- 
bles are often split by these veins, as they are in the 
contemporaneous conglomerate of Oban in Argyleshire, 
and the more lecent N ngelflue ol Swisserlantl. 

It appears from iliese circumstances, that during the 
period of turbulence which succeeded the deposit of the 
slates in Cumberland, the waters of the sea had a par- 
ticular tendency to deposit, near the shores, materials 
charged with red oxide of non, and that the compara- 
tively quiet process by winch sandstones and clays were 
thus produced was liable to violent interruptions, and 
the pioducts in consequence mixed with avast quantity 
of fiagmcutsof the preconsolidated rocks, probably urged 
downwards to the sea along the lines of dislocated strata 
which had already begun to be excavated into valleys. 

Along the South- Eastern and Southern border of the In Wdl«**. 
slate district of Wales, through Hcrefordshue, Mon- 
mouthshire, Glamorganshire, and Pemhiokcshire, I lie 
old red sandstone formation is much more 1 11 ] I y de- 
veloped than m the lake district of the North. It is 
vastl) thicker, more extensively spread out, composed of 
various definite parts, and consequently more regularly 
traceable through the country. Its boundary on the 
West is b\ C’aennart fieri, Brecon, and Leominster, On 
the East it runs from near ( urdiff* by the high district 
of Wentwood, 'I rehvli, and C raig y Dorth, and by the 
Forest of Dean, which it encircles with a high boun- 
dary edge to near Li omi lister, where it seems to end • 
abmptly Its thickness mi Monmouthshire mid Brecon- 
shire can hardly be estimated at less than 2000 feel; • 
but its lower edge is not always dearly distinguishable 
from the greywacke slates beneath^ * 

One of the best sections ot the* >ld red sandstone is Monmouth 
afforded in the neighbourhood of ni.iouth, beginning nhire,&(.. 
w ith iheKyiniu il ill, which is part of the lofty boundary 
of Dean Forest. 

Here we perceive that the thi.’k conglomerate rocks, 
full of quartz pebbles, remarkably analogous to some 
varieties of millstone grit, form the very cap of tb?. t 
whole system, and crown fhe hills witli magnificent pre- * 
ci pices and solitary crags. Below is a series of red sand- 
stone rocks, productive of excellent flag? tone, with one, or 
perhaps two, beds of a singular limestone, mottled with 
red, blpe, green, and yellow, sometimes much mixed 
with clays, and always irregular. Though of argilla- 
ceous aspect, it is so nearly pure as to be burned to 
lime ; uwl though apparently fragmentary, Is really a very 
hard stone, fit for the roads. It contains no organic 1 
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Geology. remains. The lowest part of the section exhihfcs an 
Ch. ft. extreme abundance of* red marls with white and green 
bands, undistinguishable from those of the new red 
marl. 

These characters accompany the range of the old red 
sandstone through the lower parts of Monmouthshire, 
and through Herefordshire, and port of Worcestershire, 
where the upper conglomerates are used as cyder mill- 
stones, and the limestone (called cornstone) is often 
employed on the roads. 

This limestone, indeed, notwithstanding its apparently 
irregular and fragmentary character, is one of the must 
persistent layers that we are acquainted with, for it ac- 
companies and efiaracter^es the old red sandstone along 
nearly its whole course, tin Caermartheiislnrc it is par- 
ticularly remarkable in tlqj cliffs near Laugharne, from 
which specimens may be Attained not distinguishable 
from the “ gooseberry” stone of Monmouth. 

Scotland The old red sandstone is largely developed in Scot- 
land, especially along the South-Eastern edge of the 
(Grampian mountains, and cm the North-Western side 
of the slate ranges of Lammcrnmir, as fully described by 
M. Boiuf. As before observed, i f » forms in Arran the 
lower portion of one vast red samKtone series, the 
upper portion of winch, not very different in any of its 
characters, is taken by Murchison and Sedgwick for 
the representative of the new red sandstone of England. 

On the Western side of Scotland the old red sand- 
stone is found at many scattered points in bays and hol- 
lows of the mountains, and has received very good 
illustration from Maeculloch and the Geologists above 
named. Along the Caledonian (’anal and in Caith- 
ness, strata of this age abound, and the Orkneys appear 
to consist chiefly of the same group of rocks. 

Almost universally this red sandstone system, how 
various soever in thickness and in cpiahty of composi- 
tion, consists in all the lower portion, which rests upon 
‘he slate system, of # a coarse conglomerate sandstone, 
generally tinged red, full of fragments large and small, 
and rounded by attrition in water. This rock does not, 
like that of Cumberland, to which it is stronglv analo- 
gous in composition, lie entirely m local hollows, but 
forms a continuous belt round neuily the whole primary 
district, where the border of tins is distinctly seen, and 
rises into hills of considerable altitude, winch are in this 
manner wholly cotnpo^d of the nuns of the interior and 
• still higher primary mountains. Tln*eontemplationof tins 
remarkable rock iu*thc vicinity of the beautiful Lakes in 
. the South West yart of the Grampians, can hardly fail to 
impress upon the attentive observer two propositions of 
the lygbest importance m Geology. 1st. That the accu- 
mulation of these morula incuts ruins of earlier rocks was 
caused by the violtsif.,? of water, put into activity by the 
elevation of t|ic primary rocks, and favoured in opera- 
tion by the fractures which this operation produced in 
them. 2d. That, since alUihese effects, the whole region 
of primary and derivative rocks has been again elevated, 
perhaps by a more insensible process, so as to raise the 
. * Conglomerates to the height of 1000 feet or more above 
the level of that sea in which they were formed 

According to ihc% nature of the primary rocks in its 
vicinity, as remarked by M. Bout 1 , tjie red sandstone 
conglomerate varies in composition. The degree of attri- 
tion to which the fragmentary masses wjiich it includes 
have been exposed, is here different in different places; 
without doubt according to the degree and contiiJuity of 
the aqueous action accompanying the disruption of the 


primary strata. Thus on the bank* of Lochness, at Geology 
the Fall of Foyers, we find it a sort of granitoid breccia, *'h* H* 
with fragments slightly rolled of quartz, mica slate, red K 
granites, primary limestones, &c. W$ might easily 
admit that this granitoid breccia is in some degree rne- 
tamorphic , like certain breccias of Plutonic aspect in 
the slate district of Cumberland. The brecciated cha- 
racter, so remarkable at the Fall of Foyers, is speedily 
changed at a small distance into the usual aspect of a 
decided conglomerate. 

Along the South-Eastern edge of the Grampians, the 
composition of the conglomerate appears dependent in a 
high degree on the nature of the primary series on 
which it reposes. Near the granitic and porphyritic re- 
gion of Aberdeenshire, quartz, felspar, porphyry, "granite, 
with garnets, sienite, hornblende, compact felspar, are 
mentioned by Rnu£, with gneiss, mica slate, mid clay slate. 

But in the district of Loch Katrine, where Plulnflic rocks 
are less abundant in the slate system, the fragments consist 
almost wholly of nuca and chlorite slate. In Oban we 
have observed that the rock contains not only masses of 
trap rocks, but that its base is in pluccs almost wholly 
composed of the substance of those rocks reduced to 
sand Along the Lammenmnr langes, which are com- 
posed of clay slate and trap rocks, the conglomerates 
contain almost wholly slate fragments and boulders, and 
lie in hollows of the chain, very much as the contem- 
poianeous deposits border the similar slates of Cumbria. 

The inclination of the conglomerate strata is depen- 
dent on the configuration of the primary mountains, • 
and there is no doubt, that the stratification is for great 
lengths of country in irregular accordance with that of 
the filler rocks; yet this dependence is chiefly observed 
along the line** parallel to the axis of elevation of* the 
Grampians, and is even there liable to great exceptions. 

In the vicinity of Loch Lomond it succeeds cluy slate ; 
generally along the Grampians it rests on mica slate or 
chlorite slate; but along the Lammenmnr hills on grey- 
wacke slate. 

Receding from the border of the mountains, the 
upper strata of red sandstone are found nearly free from 
pebbles, composed of lamina* of various quality, sandy 
or argillaceous; and sometimes, as m Perthshire, va- 
riously coloured. The greater part of the sandstones 
of Caithness, which are usually a^enbed to this era, are 
dark, carbonaceous, flagstone rocks, in a few places con- 
taining bet we n their layers very interesting specimens 
of fishes, which have been conjectured to belong to fresh- 
water tribes Laminated sandstones abound in the Ork- 
neys. Red sandstones accompany the coal of Dumfries- 
shire, and m this part of Scotland we believe that the red 
sandstone series is, like that of Arran, a great continuous 
deposit, in w hich the carboniferous limestone and Coal 
seams form merely the parting, not always traceable, 
between the old red and the new red sandstone systems. 

A natural classification, in all the Southern parts of 
Scotland, made without reference to other parts of the 
Island, would, we think, include the cnYbijmferous and 
saliferous systems in one general term, the red* sandstone 
system having, as subordinate groups, the mountain 
limestone and coal strata. 

Tins should diminish the anxiety sometimes felt about 
universal agreement in ciassijicatum , and encourage 
topographical Geologists to employ for the country they 
describe the arrangement of strata* most suitable to de- 
velope the true local relations of the rocks. 

Metallic veins are rare in the old red sandstone rocks, 



584 


G E O L O G V 


Gwiiogy. but veins of crystallized earthy substances occur fre- 
Ch. IL (juently. Carbonate of lime traverses it at Kirby Lons- 
*-*»*/mm* . Hulpliatc of barytes near Monmouth and South 

Saunox in Arran ; sulphate of strontian occurs in it near 
InVerness ; and asbestos in Kincardineshire. (Bniu'O 
The joints in it are very irregular 

InlrtiUmd. The mountain limestone, which underlays all the coal 
fields of Ireland, generally rests on old red sandstone, 
which is unconfurmable to the subjacent slates. 

** Mounlauu or Carboniferous Limestone Formation. 

The carbonife rous limestone is a rock of winch the 

* history must principally be studied within the limits of 
the British Islands, for it is no where else so much or so 
variously developed. Its romantic rocks border many of 
the most bem it 1 1 u l valleys of the South-West of Scotland, 
Northern and Central England, and encircle the wide 
primary regions of Wales. In Ireland, as Mr. Weaver 
observes, this limestone is the prevalent and characteristic 
rock in most of the Counties, except Derr), Antrim, and 
Wicklow. 

The romantic channel of the Meuse runs for a con- 
siderable distance about Namur and Liege in a very 
remarkable range of carboniferous limestone, along the 
Northern side of the primary slates of the Ardennes, 
ami is prolonged Eastward to the Herman side of the 
Rhine, near Dusseldorf, and continued Westward (be- 
neath a wide deposit nt chalk) to the neighbourhood of 
Boulogne. The coal deposits of Poland are based upon 
dark limestones of the same age as the carboniferous 
limestone of England, but in general the coal fields of 
the centre and South of France, of Saarhruck, of 
Saxony, Silesia, &c. appear to he devoid of this rock ; 
butJVlr. Murchison mentions its occurrence in thoNuith- 
East of Bavaria and in Bohemia, it abounds in North 
America, accompanying coal and anthracite. 

It has been before remarked, that the carboniferous 
limestone presents itself' with a very different aspect in 
the Northern and Southern Counties of England Jn 
Somersetshire. Gloucestershire, Shropshire, South Wales, 
North Wales, Derbyshire, and Leicestershire, this rock 
appears an immense, nearly undivided, calcareous mass, 
perfectly defined below by a hard conti ast with (he old 
red sandstone or greywaeke slate which supports it, mid 
as distinct above by the abrupt covering of sandstones 
and shales which accompany the coni. 

Very rarely indeed in the Southern Counties, as in the 
rocky valley of the Avon at Clifton near Bristol, are any 
beds of red sandstone interpolated among the lowest 
strata ofluncstoiie ; and it is only by a few unimportant 
partings of shale that the upper portion is at all assimi- 
lated to the incumbent series. The toadstones which 
irregularly inteilamiuate the thick limestones of Derby- 

• shire are of igneous origin, and it is not, in proceeding 
Northward, till we arrive in the valley of the Ribble, 
that any decided alternation of mechanical deposits 
breaks into distinct groups the strata of carboniferous 
limestone. " From this point Northward, almost in the 
ratio of distance, to the banks of the Tweed, the limc- 
gtone becomes more and more divided by beds of sand- 
stone and shale, accompanied by ironstone, fossil plants, 
and coal; and thus, under Ingleboropgh we have a 
nearly undivided calcareous mass 400 or 500 feet thick ; 
but at Aldstone Moor no less than twenty different lime- 
stones, amounting altogether to 470 feet, obscured by 
the interposition of no less than 1686 feet of sedimentary 
strata. 


Farther North these mechanical admixtures increase 
in amount, while the calcareous strata diminish, atid at 
length, in the Northern parts of Northumberland, the 
limestone district has become a valuable coal field. 

To embrace the subject in its most interesting point 
of view, we shall commence our account of the carbo- 
nilerous limestone with a description of its characters in 
the “ Pennine Alps,” which border the Western parts of 
Yorkshire and Durham, and the Eastern parts of Cum- 
berland and Westmoreland, and we shall connect there- 
with the analogous arches of limestone, which begird the 
primary district of the Cumbrian lakes. Taking this as 
a type of the formation, we shall he able to compare with 
it the other localities in the Briish Isles and on the Con- 
tinent nl Europe. f 

This tract of country has been, for different objects, 
partially described by Pnjipssor Sedgwick and other 
Geologists, and their views, whether published or not, 
will be recognised in the following summary. The 
Cumbrian slates are surrounded fur three-quarters of a 
eirt-le, from Egremont to Diversion, by a belt of limestone, 
which reposes indiscriminately upon the lower slate 
near Loweswatcr, the middle slates near Ulswater, the 
upper slates from Simp to Ulverston, and the old red 
conglomerate nt the seveial points of Dam*, Sedburgli, 
Barboti, Kirby Lonsdale, and III verst on. 

The South-Eastern \ art of this circular belt forms 
part of a long range of limestone cliffs facing t lie West 
from Ingleborough to Tindal Fell, defined by one conti- 
nuous line of elevation nearly 1 00(1 yards in height Pro- 
digious transverse dislocations occur at these points, that 
at the Northern end ranges East and West, and causes 
an immense depression to the Noith, alter which the 
limestones range North-East through Northumberland; 
that at the Southern end ranges West South-West and 
East South-East, and causes an equally striking de- 
pression to the South, after which the limestones show 
themselves locally, and m much disturuauce, as far South 
as PI i them. 

From the high Western escarpment before mentioned, 
the strata sink with a \erv legular inclination Euslwtud 


or South-Eastward, and ;uo # ,e\ posed in the valleys of the 
South Tyne, Derwent, Wear, 'fees, Greta, Swale, Yore, 
Ribble, Whaile, Nid, and Aire, bordering those streams 
with some of the boldest and most picturesque rock 
scenery in England. 

The grand natural section of Ingleborough ami 
IViiygant presents us with the following series of rocks 
belonging to the carboniferous limestone. 


Feet. 


1. Group above the lime 
stone, commonly cul- 1 


) Alternations of sundstone ami shale 
with bud ou Pcny giuit 
led millstone grit mi* f Millstone grfkof ingleborough , . . . 

nes * Alternations of^vit/idstoue and shale 

f Thin limestone . 8 left ) 
lime-J Shale 10 \ 


Upper belt of 

stone | Main 

' Great 


|liN^Hlonc(>0 


100 

(10 

100 

78 


3. Alternations principally of shales and sanlUtones, some of 

them flagstones, with thin limestones ^JJOO 

4. Great scar hinc itones with calcareous conglomerate beds at % . 

bottom 400 


This series rests on slate rocks. & 

Proceeding Northward from Ingleborough we arriye 
in Wfrmleyrtule or Yoredale. and find the section modi 
fied as under : « 


» 


i 



G E O L O Ci \ , 


a Flagstone system. , 


Geology* /Coarse on<! Hne sandstones, shale". 

Oh. II. and coai 

Millstone grit series. ( Course, tine, and slaty sandstones, U^q 

1. Above the limestone. shales, cherty beds, and coal • . • 
MillNtone grit of lnglebo rough, 

■ shales, cherts, and co a 

/Thin limestone, sandstone, shale.. , . \ 

»• i%„ ,-*» «. “» 

v* set limestone J 

I Alternations of flagstones of various ^ 
quality, in great abundance, with 
shales, coai., hard gritstones, and I 
three or four strata of limestone, ^500 
from 0 to 30 feet thick. The black | 
.marble a) f Dent is nearly at the 
'^hase of this group ' 

4. Scar limcatonea J Lactone, of P™at *h.ck»««K, withl 5()0 

\ partings principally ol shale ) 

The series is incoirq'ihtc, other limestones existing 
below. 

Here it will be perceived the group No. 4. has be- 
come divided into distinct parts; and the calcareous 
portions of No. 3. are also more defined and mort^ im- 
portant. No. 2. has assumed that character of a decid- 
edly double hell, which henceforward distinguishes it lor 
I great disuuice to the Northward. 

Our next station will tie taken in Swaledale. 

Feet. 

/Coarse gritstones, shales, finer i 
I sandstones, shales, and coai.. ((>00 . 

I. HilUhm, grit J w, * bt *77 ol ' th..k.httl, ' 800 


i \r:u ♦ . I \ unable senes ol thick shales, \ 

1. MiH-to.ii' grit aerie*../ w) , h ttM( , W1A1 .. ]o, l0 f 

I ami local interp'iLdions of / 
l innesUme and chorl ........ j 

i Limestone 3 1 

shale, &e *63 

2. Upper limestone belt , Main or twelve fathom lime. . . « • 72 v252 

j Gut, chert, shale, and eou 96 j 

1 l oiler set lime 18 J 

j Variable alternations ot giusioiie,! 

3. l'Wsto.K* system .... J l “K st ? n, ‘- «*+- w ‘ ,h ''V™ " Ufl 

” J j tour lnnesuncfe tiom t> to 30 teef j 

• [ duck ) 


3. Flagstone xyster 


4. Scar limestones ex|x;sed m the boitom ol Swale-) 

l dale ) 

The group* 1 and 3 have now become more compli- 
cated, and require (urihersdi vision as compared will) the 
1 ugleborough section, ami thus wt are gradually con- 
ducted to the still more developed senes ol AUlstone 
Moor, as described by Forster. 

ChIc ireoiiH Olhevde 

IxmIs pools. 

1 mU. Ii.iii. yiih. k. in. 

I AlteMlntiouN of sandstone, (course 

and fine; and shale 25 J 0 

1. Fell top lime 1 ) 0 

Alternations of laminated and 
other j sauiUtones, shales, iron- 
stone, Vjlul coai 10H 2 8 

r 2. Limestone 3 0 0 

AltAa'dions, plale, &c with coal V> *2 0 

2. Upper , Limestone 21 0 0 

linifHione 3. Parting 1000 

belt, 4. Limestone . j. 0 1 6 

Sandstone <ind shale and coal. . 23 1 0 

5. Underset limestone 8 0 0 

, » , SundfiUme and shale (Naitrisr 

I Gill Haile) 1700 


| Of great thickness, but only partially 
exixm'd m the holtom ol Swale- 


L Mill- 
stone grit 
series. 


2. Upper 

limestone 

belt. 


6. Limestone 


Sa mbit out) and shale .... 


7. Limestone (5 yards) .... 


Sandstone and shale .... 

t 

8, Scar limestone 


Thin alternations ....... 


9, Cockle-shell limestone. . . 


Alternations. 


10. Limestone (single post) . 


Alternations * 



Calcarswios Other da- 

beds. po»liS. r L 

yd*, ft. to. yd*, ft, In. L ‘ n 

11. Tyne bottom limestone 8 0 0 

Alternations in the upper part of I 

which the ^ Whin sill M ( igneous) * I 

occurs, (20 to 40 yards thick) . . 24 2 6 

12. Jew hmu $ 0 0 

Alternations 826 

13. Little lime...'. 6 0 0 

Alternations 30 0 6 

a 14. Snmldy lune 10 1 6 

T. ’ Sandstone 400 

, m J 15. Limestone % 8 1 6 

• Ime Alternations. 706 

s one. |g^ ii^^iiuson’s lime 700 • J* 

AlternationR 4 0 0 

17. Great limestone, Mehnerby scar.. 44 0 0 

Alternations and coal 800 

18. Limestone 4 0 0 

Alternations 55 0 0 

19. Limestone ‘2 1 (j^ " 

Alternations and coai 73 2 0 

20. Limestone 6 0 0 

Alternu ions 78 0 0 

TmTTo 562 0 2 

It is probable that even this section does not show us 
the hill depth of the series. 

We have for some tune been occupied in endeavours 
to ‘ascertain exactly the line which in the Aldstone 
section separates the groups 3 and 4 of Yorkshire, and 
the above result is very near the truth. 

Combining together the preceding statements, t we 
have the following results in total thickness : * 

Group. \\ entity. Aldstone 

l’enygaut. dale. Swuledale, Moor. 

L Millstone grit series 

(mcoinpl le series) 260 + 700 800 409 

2. Upper limestone belt. 80 200 250 ,247 

3. Alternations, or flag- 

stone system 300 400 250 304 

4. Scar limestone;* 400 250 + 120 + 1196 

In the following tuble tlie relative proportions of the 
eulcartous and the other deposits jire estimated*! 


L>nygaut. 

W en»l»y- 
<iale. 

S wuletl ale. 

Aldstone 

Moor. 

260 + 

700 

800 

409 

81) 

200 

250 

,247 

300 

400 

250 

304 

400 

250 + 

120 + 

I19t> 


0. 

ppnvff-tnt. 

Wumlpydale, 

Swaledale. 

Aldstone Moor. 

sr 

£ 

Lime* 

OiIihi tie- 

Lillie. Uthei ile- 

lame- Ollier d«s 

Lime* 

Other de* 

o 

sUtnt'H. 

pOsitti. 

Stones. 

posits. 

■tones, posits. 

stones, 

, m posits. 

1. 

? 

260 

P 

700 

10 790 

4 

405 

2. 

70 

10 

100 

100 

93 157 

97 

150 

3. 

30 

270 

50 

350 

40 210 

54 

250 

4. 

400 


150 + 

-100 

80+ — 40 

313 

883 


500 

540 

300+ 

1250 + 

'223+ U97 + 

Tei 

II 


Wt* must remark that this comparison is imperfect, 
because the sections are not in tmeir case defined above 
or below by the same beds: in order to obtain a fairer 
numerical comparison, we rnay omit altogether the beds 
above the upper limestone belt, and, on account of its 
incompleteness, the fourth group in Wensley Dale and 
Swaleilule. * 

*Wd shall then have the following corrected scale ; 

re^aut. “ y - 

Upper limestone belt , . . , . 70 10 100 100 93 157 97 150 

Flagstone Nydeui 30 270 50 350 40 210) *>4 250 

Scar limestones. • ....... .400 *— — — J — j 3 13 883 

*?00 280 * "464 )283 

Had we, instead of Penygant chosen Great Whcrnside 
for our sectigo, we should have iiad the limestone of 
these groups about 100 feet, and the other deposits less 
than 200 feet ; and if we had taken a section in North- 
umberland, instead of Aldstone^ Moor, the limestones 
would have been less than 200 feet, and the other de* 
posits probably nearer 1000 feet. The principal changes, 
as we proceed Northward, appear to happen in the 
l a 
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Gsotogy. owe*: of the limestone group, which loses its incli- 

Ch. II. vitality by admitting between its beds a constantly 
increasing quantity of mechanical admixtures, and at 
iengtfi becomes a subordinate feature in a country which 
hgs ihe characters of a coal field. We shall now truce 
the course of the carboniferous limestone round the 
Cumbrian mountains, and through oilier parts of Eng- 
land. 

Range of The lower, oras we shall name it “ scar limestone" group, 
the maun- passes Westward from Ingleborough by Kirby Lons- 
•tone. mt " dale, Burton, and Cartmell to Ulverstone and Dal- 
ton; extending Northward to Kendal. (See Smith, 
Ckofogital County Maps.) This group every where 
possesses the almost wholly calcareous diameter which 
it bears in Ingleborough. On the South of Ulverstone, 
it is covered by the intermediate grit and plate series 
with traces of coal, and a more extensive deposit of this 
kin A Soujh of Kirby Lonsdule, yielding useful coal and 
flagstone, is again overlaid by the upper belt ol limestone 
and afterwards by the millstone grit series towards Lan- 
caster. 

Under Wild Boar Fell, on the borders of Yorkshire 
and Westmoreland, the scar limestones begin to exhibit* 
in consequence of dislocations, a double escarpment, the 
Western branch pusses offby Ashl’ell, Orton, Shap, and 
J owther, to the Eamont,and continues by Greystoke Park, 
Hesket, Jreby, and Cockermouth to Egreinont. These 
limestones alternate in their lower parts with red sand- 
stone, by some Geologists referred to the old red, and 
f diminish in thickness Westward. They are overlaid by 
deposits of the grit and shale series near Shap, Hesket, 
Newmarket, and Bolton, but from Workington to 
Whitehaven the thick and abundant coal seams probably 
belong to the ordinary coal series above the millstone 
grit. V riieie is, perhaps, unconformity here between the 
coal measures and the limestone, a ease very rarely ob- 
served in England. 

Agreeably to what has been said before the scar lime- 
stones, iirpussing through Northumberland, become con- 
tinually more and more subdivided by interpolations of 
sandstone, shale, and coal, till on the sea-coast North of 
Belforfl, a part of this series contains no Je«»s than thir- 
teen bands of limestone, (121 feet in total thickness,) 
separated by many times their thickness of sandstone and 
shale, and under the whole lie workable seams of coal. 
The character of the surface of all the Western and 
North-Western part of Northumberland corresponds to 
this change of the component strata, instead of the 
beautiful green pastures which delight our eyes amidst 
the calcareous dales of Derbyshire and Yorkshire, wide, 
heathy, and boggy moorlands overspread the surface of 
sandstones and shales, and wc seem to wander in a region 
of barren coal measures rather than on the range* of the 
thickest carboniferous limestones. This may serve U> 
explain the seeming anomaly in Mr. (i reenough’s Map, 
where this unquestionably carhmnfctoii^ tract is repre- 
sented as distinct from any of the strata in the British 
section* Mr. Smith colours the whole space as a coal 
/ tract. . * . 

On the contrary, in proceeding South ward along the; 
Ribble, we find the lower scar limestones in great force 
about Clithero, surmounted by a considerable mass of 
shales wijtb sandstones, corresponding to the sbulc and. 
grit series of Jnglcborough ; above these, in Pendle Hill, 
appears the diminished upper licit of limestone, and, over 
oil, the millstone grit seYie#. here also occasionally yield- 
ing coal. Hence to Derbyshire the sear limestones lie 


too deep to be seen, and the upper belt of limestone Geology 
appears to be extinguished; so that this part of the. Ch. flu 
Western boundary of Yorkshire is occupied by a vast 
thickness of the millstone grit series and the flagstone 
series, without any disclosure of the subjacent limestones, 
even in the deeply excavated valley of Todmorden. 

In Derbyshire, putting out of tin* question the irre- 
gular interpolations of igneous rocks, called toadstone, 
we have the scar limestones more 4 than 750 feet thick, 
surmounted by shale with their alternations of sand- 
stone, limestone , ironstone, &c. 500 feet, and the hills 
arc crowned by bold ranges of millstone grit, and its 
accompanying sandstones, 3(j() feel in thickness. 

See pi. i. fig. 15. winch expresses in •gcnerul terms 
t he method of variation of the/aihoiiileious limestone 
and millstone grit series of the grand IVnine chain. 

South of Derby shite we liavufno longer the same rc- 
maikublc mass of stiata interposed between the scar 
limestones and the proper carboniferous sandstones and 
shales. 'I lie limestone, wherever it occurs in North 
Walts,, Shropshire, the Forest of Dean, Mendip, and 
round the coal field of South W r alcs, refers itself to the 
type of the scar innestopes of Derbyshire, and it is only 
by a veiy imported repiesentolive in Shropshire and 
the Forest of Dean, and on the Northern bolder of the 
coal field of South Wales, that the millstone grit series 
can be recognised. 

The limestone Pact along the Meuse is evidently of 
the same era as the limestone of Derbyshire and Mon- 
inouthshne, arid continuullv recalls to t fie delighted 
voyager the beauties ol the Dei went and the Wye, but 
the strain above it are with difficulty compared with those 
of any part ol the English basins. 

Having thus compared in the most general point of 
view r the component groups of the carboniferous lime- 
stone and millstone grit series in different localities, 
and ascertained the method of van uion which it observe**, 
we shall endeavour to describe some *d the ptincipal 
characters of these several groups. 

Srar Limestones. 

The carboniferous limestone, though by no means of Gt*ner«! 
one uniform aspect or chemictfi composition, possesses, characters 
nevertheless, a certain range of mineralogical characters HiC 
which are scarcely to be recognised in any of the other 
secondary calcareous deposits. It is usually a nearly pure 
carbonate of lime, ot a greyish or eTdi very blue tint, of 
considerable baldness, and imperfect eoiiflioidal fracture. 

Some of the varieties are very dark coloured, and even 
quite black, (Swansea, Abergavenny, Kilkenny, Derby- 
shire, Yoikslnre,) but tin* latter commonly contain a 
minute admixture of argillaceous ant! •bituminous matti r. 

Many varieties exhale a fetid odourVn being rubbed oi 
bruise,d. in Derbysbiie, and genera IK filong the York* 
shire and Westmoreland ranges, the scar (limestones 
contain considerable beds of a granular and even brec- 
ciated limestone capable of hefrg employed as good 
freestone, and some layers in Derbyshire and Westmore- 
land appear almost wholly composed of crystalline grainy 
and contain magnesia. A crystalline variety in Derby- 
shire is mixed with red oxide of iron. In the country 
about Burton in Kendal, and Ulitton, tiear Bristol, the 
stone is often decidedly oolitic, and even exhibits const- • 
derable«varietyrin this respect. The lower layers which 
rest upon the slute*>n the Graven .mount aims, at Kendal, 
and near |Penrith, are filled with large ami small boulders 
of the slate, so ns. to become a real conglomerate. 
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But the most decided characters of these rbcks are 
the organic remains, all of which are different from 
those of the strata above. The prodigious abundance 
of prodiicup, hpiriferae, terebratulac, and other shells, of 
lamellated corals, and above all, of crinoidal remains, 
will almost always enable even the tyro to pronounce on 
the identity of the mountain limestone. Crinoidal re- 
mains, in particular, are so excessively abundant in 
certain parts us to constitute fully three-fourths of the 
mass of the rock. 

A remarkable character is imparted to vertical sections 
of this rock in the JVlendip hills, in several parts of Der- 
byshire, and ^he neighbourhood of Clitiiom, by nodules 
of chert imbedded ill the limestone, often at regular 
distances, like the tlu'fts in chalk. A very striking sec- 
tion of this kind is set n in Valins Bottom, near Wells. 
This chert is usually \f a dark grey, or even black 
colour, but occasionally it is wlnte, and in general 
its colour corresponds to that of the limestone beds 
which contain it. It rarely contains any organic nucleus, 
and thus differs from a large proportion of the flint 
nodules in chalk, with which, in (he manner of its pro- 
duction, and m its relations Uf the calcareous rocks, it 
seems otherwise very analogous. The cherty layers in 
green sand and coralline oolite are also analogous in- 
stances and we have hereafter to notice a similar cha- 
racter m a certain portion of the magnesian limestone. 
Proceeding Northward, as the limestones are divided, 
these chert nodules are less plentiful, though in (’over- 
dale, in Yorkslme, they abound, and at (ilenvvhelt, on 
the Homan wall, shells of the genus BrUerophon have 
been detected in a very dark chert imbedded in ilic lime- 
stone there. 

The curious circumstance of conversion, as the miners 
say, or rather substitution of beds of chert tor beds ol 
limestone, generally at the top of the rock, is noticed in 
most parts of tjie limestone tract in England and Wales; 
and very often it. happens, as in Westmoreland, that the 
corals are converted* to silicious matter m the midst of a 
block of limestone. If is probable that the substance 
resembling rottenstone of Dentdale, Swalodale, and 
Aldstone Moor, may be Occasioned by decomposition of 
this chert, but Mr. Farcy flunks the rottenstone of Derby- 
shire is owing to a decomposition or change of the shale 
limestone near the surface A specimen collected by the 
author at AldstonctoMoor m 1S20, which as to substance 
is a kind of rottenstone, is evidently decomposed chert, 
and contains several fossils o( the limestone series, es- 
pecially h vwy small species of trilobites. Similar facts 
are common in the Vorkshiie dales. 

• Bitumen in solql masses lies very frequently in the 
beds of the scar ’imeslone, and enters the cavities of 
producin', ortlrticirata, &e. ; as at C’astleton, and near 
Clithero. • In a liquid as well as solid state it will be 
noticed under the next division of the carboniferous stiata. 

The suiface of thi/country which is occupied by tins 
rock in Engfand is remarkably characteristic. Having 
been exposed to many repeated convulsions, it is thrown 
up to considerable altitudes, and placed in a great va- 
riety of positions favourable for the exhibition of the 
changes wrought on it by the atmosphere and streams. It 
is principally to the hardness and comparative durability 
of this rock, conjoined with its stratification and,extensive 
system of joints, that we owe the grand ranges of vertical 
eacarptneuts, which begird with a perpetual fortifi- 
cation the sides of the dales of Yorkshire and Derby- 
shire. Often, indeed, the wasting effect of the ele- 


ments is sufficient to excavate vertical rents and to 
insulate the great prisms of the rock which, especially 
in Dovedale and other parts of Derbyshire, give the most rSm 
romantic features to the valleys, while the same Affects 
upon the high scars in Yorkshire and Westmoreland 
show like towers and bastions projecting from the wall 
of rocks or among the green herbage which has spread 
around them. 

Frequently upon broad surfaces of limestone, especially 
where it alternates with shale, we find ourselves suddenly • 
stopped by a deep vertical pit in the rocks, worked by 
some little rill, or even by the mere gathering of rains, 
an effect more frequently observed in the course of * 
streams, which, like the Calder in Cumberland, traverse 
tin* ranges of this rock. These “ swallow holes,*' as they Swallow* 
are justly called, often serve to mark out uninterruptedly holes, 
for miles the lines of limestones, whose actual edgesunay 
be obscured by the sliding of other matter ovc4 them. 

These swallow holes sometimes communicate down- 
wards with internal caverns, which ore nowhere so 
abundant as in the lower or scar limestones. It is to 
them we must refer the numerous caverns of Mendip 
hills, in Somersetshire, the rocks of Chiton, the Forest 
of Dean, the celebrated caverns of Staffordshire and 
Derbyshire, and those beneath Ingleborough and Peny- 
ganl, in Yorkshire. Further North, along the Penine 
chain, where these limestones grow thinner, the caverns 
become less liurnei oils, and in the same proportion the 
phenomenon of underground streams is rarely observed. 

This remaikable phenomenon is evidently dependent oA 
the thickness, as well as on the open joints and absorbent 
surface of the rock, and examples of the same kind oc- 
cm !n various other thick calcareous strata of England, 
as the oolites and chalk, as well as in the Jura limestone 
or oolite of Germany and France. It is to the Baine 
causes that we must ascribe the extraordinary strength 
ol the springs which issue as clear as crystal from the 
openings of this rock ; but, being highly charged with 
carbonate of lime, soon depourl along their channel 
abundance of tufa. The herbage upon this limestone is 
usually short, elastic, and nutritious, and of a lovely 
green, which contrasts strongly with the bluish aspect 
of the moist surfaces of the shales, ami the brown tints 
of the heath) moorlands of millstone grit. 

Flagstone* Series. 

The shale and grit, or flagstone series above the scar In Derby* 
limestones, is called in Derby.diifc the limestone shale. 

It is about 500 feet thick, and consists principally of 
black oi brown rather durable shale, forming a very wet 
soil, and causing land slips of great extent beneath the 
millsj-one grit summits. Mam Tor, the “ Shivering 
JMounlaiu,” near Gustletnn, exhibits these chdracters 
verjr decidedly. The shale, however, is interstratified 
to a great extent, and with a considerable regularity, with 
thick rocks of fine-grained micaceous gritstone, of excel- 
lent quality for building, and, as we have observed, 
generally at the bottom of this rockj vwth good durable ^ 
micaceous flagstone, very similar to tlutf in the more 
recent coal strata. Some less regular sandstone beds, * 
called “ Cankstone,” approach very nearly to the nature 
of the gauisler or calliard rocks of the coal strata. Mr. 

Farey, who considers these interpolations as anomalia , 
calls by the same name the very characteristic beds of 
black argillaceous limestone which lie in this shale, at 
Ashford, near Bakewell, and near Ashborne, and pro- 
duce lime fit for water cement. The frequent con tor- 
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Otology, tioiii of the limestone and shale are noticed by Mr 
Oh. II Farey as very remarkable. Ironstone balls lie in 
band* in this shale, a few impressions of fossil plants 
havefjbeen collected, and very thin coal seams observed, 
not worth the expense of the fruitless trials in search of 
them. Liquid bitumen is mentioned at several points 
in connection with the limestone^ in this shale. 

In York* This description of the Derbyshire limestone shale 
would apply with scarcely a varying sentence to the 
broad argillaceous strata which cover the thick lime- 
stones of CraV'en. The same abundance of shale, 
occasional interpolations of sandstone, ironstone, and 

* laminated beds of dark limestone, the same traces of 
coal and liquid bitumen, the same contortions, may be 
traced in Craveu and in Wharfdale. More divided by 
sandstones and limestones, the same shale is recognised 

( in Pendle Hill, Ingleborotigh, and Penygant. The 
, locality mfist remarkable for the abundance of liquid 

bitumen is at Flasby in Craven, where Mr Preston has 
excavated a considerable quantity of the black argilla- 
ceous limestone, and found it associated with abundance 
of nautilus sphericus besides large orthocerata and 
the curious fossil formerly supposed to be a plcuro- 

* branch us. The nautili are generally inverted nr 
have their cavities filled with liquid bitumen, and small 
solid lumps of the same substance are likewise met with. 
This, amongst others, is one strong reason for believing 
that the darkness of colour of these limestones and 
shales is due to the admixture of carbonaceous matter. 

• By a recent communication of Sir Philip Egerton and 
* Lord Cole to the Geological Society, we have learned 

that the lower coal shale, as it has been termed in the 
Western Irish coal fields, is precisely analogous not only 
in mi nfralogical characters, and in its geological position 
between the mountain limestone and the true coal mea- 
sures, but also in its organic remains, to the “ lime- 
stone shale” of Derbyshire and Craven. The same 
ammonites, the same posidonire, (Broun,) ami other 
characteristic fossils occur in these far separated districts ; 
and in general, so strict is the accordance in all respects, 
that no Geologist accustomed to the strata of the Not ill 
of England, could tail to recognise in the mountains 
above Enniskillen an exact analogy with Ingle borough 
and Great Wbernside. 

Penimj Hi the further continuation Northward of this series of 

chain. shales, sandstones, and limestones, the limestones, as before 
observed, thicken, the alternations of sandstone and 
shale therefore become more frequent and divided, coal 
seams intervene, and the whole assumes the character of a 
complicated coal uud limestone deposit, it is possible, 
in tracing the different limestones enumerated in this 
series, to assign characters of local permanence. Thus 
the beds most remarkably stored with crinoidaf reli- 
qUitfi, are those of the “ main lime,” in Pendle Hill*; 
lngleborongh. Cam Fell, &c. ; the black limestone of 
Whalley, Kirby Lonsdale, and Dent, i«r almost wholly 
depriveci of them, like the same beds in Derbyshire ; 
products abouqjj rfn the top of the main lime, curyo- 
' phyllits are ofien plentiful in the beds below it, and one 
thin bed of limestone, at Aldstone Moor, receives, in con- 
sequence of the nature of its organic contents, the name 
of Cockleshell Lime. Chert lies frequently on the top 
of the main liine,aud underset or four fathom lime beneath 
it, as well as on the top of the little lime or crow lime 
above it. Slaty sandstone yielding flagstone occurs 
both in the alternations under the main lime, and in 
those still lower between the underset and scar lime- 


stones. * In one or other of these places in the section, 
flagstones are dug in Swaledale and Yoredale, in Gray- 
garth fell, near Kirby Loncdale, and Garstang, uud it 
is probable that the flagstones of the North of Derby- 
shire lxdong to the same epoch. In some of the very 
hard sandstones which occur in this series in Swale- 
dale, (like the cankstone of Derbyshire,) stigmari© and 
other tiffisil plants occur, but in general the coal seams 
uie not accompanied by many vegetable remains. 

A kind of rottenstonc, us before mentioned, occurs 
in this series in Denidale and at Aldstone Moor, and 
probably in many other places is produced from the 
decomposition of the chert. 

The shales of this tract are usually dark, close, and 
fissile, and traversed by immensity long straight joints 
ranging North by West, and Mouth by East, East 
North-East and West South-W^t, dividing the rock into 
rhomboidul prisms. They often contain nodules of 
ironstone. A very remarkably indurated flinty shale, 
fit lor use on the roads, which occurs in Swaledale and 
Yoredale above the main limestone, is called “Black 
beds.” 

The sandstones vary as to fineness of grain, and some 
of them in their progress through Northumberland 
assume such a coarseness ot aspect, as to be in fact 
undistinguishuble from the “ millstone grit” of the next 



group. 

The marine fossil remains are almost wholly confined 
to the limestones and the cherts which sometimes re- 
place them, hut the few vegetable remains belong wholly 
to the sandstones and to the coal. 

In the Midlothian coal field in the Counties of Edin- CoalfieUot 
burgh, Haddington, and Peebles, Mr. Farcy sen., in Midlothmn 
1810, ascertained 337 principal alternations of strata 
between the surface m the town of Fisher Uow on the 
banks of the Frith ol Forth, (where the highest of these 
strala occur.) the commencement of the husaltic rocks 
forming the general floor and border of this important 
coal field. These strata lie internally in the hum of a 
lengthened basin or hough, and consist of sandstone, 
shale, coal, limestone, ironstone, Ac. 66 seams of* coal, 
counting the double seams astme ; 7 limestones; 72 
assemblages of stone uud oilier sinkings ; in all 5000 
feet m thickness. 


Upper Limestone TlflL 

r 

The only additional remarks which we shall make on 
this portion of the strata refer to the remurkable varia- 
tion of character, by which the liniestode in several 
places is gradually changed to or suddenly replaced by 
chert. Thus in Swaledale the uniUnf thickness of tlte 
underset chert and underset lime (£ht* former being 
uppermost) is nearly constant, but the thickness of each 
is extremely variable. In like manner m W harfdale, 
about Kettiewell, the underset liyrie just before it ex- 
pires entirely under Great Wbernside, ip represented 
only by hard chert, and the main lime of the same district 
before it thins out and dies away becomes remarkably’ v. ^ 
clierty, both by the change of whole beds and the intro- 
duction ol’ chert nodules. There appears some reason 
to attribute this clTect, in one case, to the operation of a 
vein, while in others it' may, perhaps, be properly viewed * 
as indicating merely the suppression of the calcareous 
deposit independently of the silieious. It must be 
owned, however, that the notion of miners, and that 
first suggested to the Geologist, agree in assigning the # 
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effect in flome instances, even independent of dykes or 
veins, to a real chemical conversion of the nature of 
the rock since its deposition. 

Millstone Grit Series. 

The difference of composition between the coarse 
sandstones which abquud in this part of the series, and 
those of finer grain which alternate with the limestones 
below and the coals above, is rather apparent than 
essential. That all these sandstones are composed of 
the broken and triturated ingredients of older crystal- 
line, generally granitic compounds, is evident upon in- 
spection. Their most abundant ingredient, sand, is 
plainly in the state ol *nimite pebbles, and the size of 
these grains is sometimes so very small, that their 
coherent mass assumes Almost a crystalline aspect, as, 
for example, in the Oalliurd stones On the other hand, 
in millstone grit they are of all sizes under an egg, 
though pieces of greater size than this are sometimes 
seen. These are evidently quartz pebbles of different 
kinds, corresponding to the quartz of veins and of gra- 
nites. Rose quartz also lias be#n observed. The next 
abundant ingredient is felspar, winch is probably pre- 
sent in all these sandstones. In the millstone grit this 
mineral occurs in rounded pebbles whose internal struc- 
ture is perfectly crydal/i/ie, like the large rhomboidal crys- 
tals in the porphyritic granites. Hence we learn clearly 
the history of such a sandstone deposit. The materials 
were derived hom crystallized rocks, and were subse- 
quently more or less rolled about and deposited in water. 
Mica, the third ingredient of granitic rucks, is le*.; abun- 
dant in millstone ‘irit, except in ceitam l.iyers where it 
is occasionally very plentiful. it is usually of a pule 
silvery colour and is in very thin fragmentary scales. 
The decomposition of the lelspur leaves a white, soft, 
unctuous substance, nnalo”ous to the kaolin of decom- 
posed granite, and this forms a feeble cement for the 
grams of sand and* mica. Occasionally in millstone 
grit, as hi 1 hi* other sandstones of the carboniferous 
system, we find oxidulous iron, and some oilier mineral 
substances not easily ro*:ugnised, and in Lancashire, 
frequently, fragments of shale, coal, &c. Everything, 
therefore, coiicms to prove the mechanical watery origin 
of millstone grit, and by consequence of all the other 
sandstones associat'd with it, the differences between 
them being only of degree In ?he same manner nearly 
a gradual serieft of changes assimilates sandstone and 
shale, mid it, is sufficiently proved that the only really 
chemical aqueous deposit of this whole system is the 
limestone. 

The millstone grit of the Southern coal fields is usually 
n much harder and more compact and cherly rock than 
the coarse pebbly strata which bear (bis name In the 
North of England. Finally, we must repeat the remark 
previously made that this series is limited in extent, not 
being of much importance or really characteristic of a 
certain period except between the Trent and the Tyne. 
Through the remainder of Northumberland it is less 
remarkable than several other equally coarse grit rocks, 
called crag grits* in Mr. Smith’s Map of Northumber- 
land, which lie in the limestone series considerably below 
the upper limestone belt. Excellent budding stone is 
furnished by this rock in Yorkshire Lancashire, and 
Derbyshire, and by its representative, the " Farewell 
Kotk” of Dean Forest and South Wales, which have 
the valuable property of standing great heat, and are 


therefore employed in certain parts of. the Iron fur 
nates. 

The Coal Formation (on Coax Measures) J 

consists of alternating strata of sandstone, shale, and 
coal, with courses of nodular ironstone, layers of bi- 
valve shells, and, in a certain part, argil lo- calcareous 
balls and nodules generally enclosing mmonites, pec- 
tens, &c. 

None of these strata differ individually in any essen- 
tial points from the analogous deposits in the millstone 
grit, or limestone series beneath ; their characteristic 
features are derived from their combination. It m, 
indeed, generally true, that the sandstones of the coal 
measures arc softer and more argillaceous thaij those of 
the series below, that the coal shales are less indurated 
and less fissile than the 4t plates” of the limestone group, 
and the coal generally of better quality. Rut' it is by 
the greater abundance of the coal seams, and by the 
absence of limestone beds that the upper patt of the car- 
boniferous system is to be distinguished from the lower. 
It is, therefore, perfectly conceivable, that cases may 
occur when the lower or calcareo-curhon if crons group 
may, by the attenuation of its limestones and the thieken- 
ingof its coals, become so similar to the upper group or. 
true coal measures, that their relative ages can be only 
determined by collateral evidence. This extreme case 
has, indeed, hardly yet been observed in any of the 
known coal districts of the New or Old World, blit the 
approaches to it in Northumberland and Scotland are* 
sufficient to sliow r that the coal measures have no other 
real difference from the lower parts of the carboniferous 
system, than the total absence of the oceanic deposit 
of limestone. In many coal fields the reason of this 
difference is easily determined by the abundance of 
fresh-water shells , beds of shale, and ‘ ironstone, alter- 
nating with the coal. 

We have seen with what certainty the range of the 
mountain limestone can be followed through (treat 
Britain, and its detached portions referred to their true 
place in the series of its beds, and thus Geological pa- 
rallels be established between ihe Mendip Hills, Derby- 
shire. Yorkshire, and Northumberland. The coal mea- 
sures of Great Britain cover quite as large a surface, 
and arc, perhaps, quite well identified in mass ; but 
the details of the several coal fields are too discordant, 
to permit many of these parallels to be drawn, without, 
which the method of variation ty rfhich one such coal 
field becomes different from another cannot be deter- 
mined. Tins is so entirely well known, that often in 
the same coal field the differences are so considerable as 
to render it difficult to identify the beds of the two ex- 
tremes. It must be owned, however, that this is partly 
o&ing to the confusion of nomenclature amongst the 
workmen, though principally to the sudden changes of 
chemical qaulity*to which the eoul seams are liable. 

The extent of the coal fields of England and* Wales 
may be seen upon Mr. Smith’s and Greenougli’s 
Geological Maps; those of Scotlund ulso tre sketched 
upon Mr. Smith's Map; Mr. Griffith’s Surveys and 
Mr. Weaver's observations have contributed much infor- 
mation on the coal measures of Ireland, and many 
valuable notices in the Annates des Mines . A nr ales den 
Sciences Natureltea , &c., make us acquainted with the 
same series in France. Fort ho Netherlands the same 
Journals and the Memoirs of Oiualius d’Halloy, and for 
the German and Transylvanian coal fields the works of 
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Vltleftftje, Freisleben, Hoffman, Sternberg, nnd others 
may be consulted Mr. Cnnyheure has given a general 
view of these foreign coal tracts in the Geology of Hng- 
lanctand Wales. 

We ahull consider the characters of the principal 
English coal fields in the following order: 

J. '[’he great Northern coal. fields of Northumber- 
land and Durham, Yorkshire and Derbyshire, and their 
appendages. 

2. The South-Western coal fields of South Wales, 
Dean Forest, Somersetshire, and Kings wood. 

3. The coal fields of North Wales and Shropshire. 

**'4. f rtie central English coal fields. 

That the great Northern coal fields of Northumber- 
land and Durham, and of Yorkshire and Derbyshire, 
were formed under very similar circumstances, and, it 
never connected towards the borders, were united in the 
deeper p&'rts of the deposit, will appear trom the follow- 
ing comparisons. The Northern and Southern portion 
of this great tract, though now separated sixty miles, 
agree in being formed within a belt of coarse pebbly 
sandstones (millstone giit) associated with thin coals, 
which overlay the mountain limestone, and in being 
covered unconformrdly by the magnesian limestone. 
Coals of like quality are vvoiked in these coal fields in 
the same parts of the series, bituminous coals of excel- 
lent quality in the lower part, quick burning coals in the 1 
upper part. Ironstone courses are most plentiful in the 
middle and lower part . where a Iso lie the “ muscle 
1 bands,” of which regular layers have been some time 
known in the eon' field of Yorkshire, and are not with- 
out representation it. that of Newcastle. This latter ana- 
logy is very remaikable, and the occurrence of these 
muscle bands is almost a peculiar character of the great 
Northern coal fields. 

A comparison of the details of these coal fields would 
afford an excellent test ot the points of analogy, and 
the extent of vutiaiion. which mav be expected to oc- 
cur in neighbouring carboniferous deposits. 

The broadest part of the whole tract is between 
Halifax and Ferrybridge, or lather Went Bridge, in 
Yorkshire, where the clip is moderate and reguluilyto 
the South-East, the stratification not subject to more 
than usual disturbance, and the greater part of the coal 
seams worked to supply the wide 'Spreading industry of 
the West Riding. The whole coal system of the Country 
is thus unfolded, all its pmducts are employed, and the 
ranges of most of the' beds perfectly known. I n addition 
it happens fortunately, that not only the millstone grit is 
remarkably distinct, and the series immediately above it, 
the lowest part of “ the coal field,” unusually developed, 
and rich in organic remains, both animal and vegetable, 
but the uppermost part of the system beneath the mag- 
nesian limestone is also fully exhibited. This is there- 
fore on all accounts the most complete coal field in the 
Island, and the fittest to serve as a type of comparison 
for the others. 

The following mode of classification of the Yorkshire 
. coal seams w*ill be found very natural and convenient, 
for the several groups of coals here assumed have cer- 
tain collective characters derived from thi-s combination, 
and occupy distinguishable ranges of mostly argilla- 
ceous country between lines of sandstone hills. 

Magnesian limestone unconformedly covers the coal 
seams. • 
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Millstone grit lies below the ** cf>al series. 0 

The lowest portion of the Yorkshire coal strata real- Lower ar 
ing upon the millstone grit py^dneos comparatively but ganister 
a small quantity of coal, and this not in general of a coal seriea 
good quality. Hot no part of the coal field is more 
curious in its Geological relations, or more worthy of 
clost* study bv those who desire to penetrate into the 
history of the production of coal. We may define this 
lowest coal seiies very, ‘simply by saying, that it is in- 
cluded between the millstone grit beneath and the flag- 
stone rock above, having a thickness of about 1*20 or 
lot) yards, and enclosing near the bottom two thin seams 
of coal, one or both of them workable, and several oilier 
layers scattered through its mass too thin to be worth 
working. 

The most regular and continuous of all these coal 
seams, reaches in a few places the thickness of 27 or 30 
inches, but is generally only about 16 inches, and is 
worked at Yeadon, Rawdon, and l lorsforth, near Leeds ; 
at Jhnldon and Heaton, near Bradford ; at Catharine 
Slack and Swan Banks, near Halifax ; at Hull Houses, 
near Fonistone ; and at" several points West of Sheffield. 

It would have been impossible to have traced so thin 
a seam of coal along so extensive a range without 
some peculiar tacihties, *ome points ot reference more dis- 
tinct than the varying quality of the coal, and the still 
moie irregular fluctuations of the sandstones and shales. 

This coal seam is covered by a*“ roof” unlike that of any 
other coal bed above the mountain limestone in the 
British Islands ; for instead of containing only the re- , 
mains of plants or fiesh-water shells, it is filled with a 
considerable diveisity of 7 marine stfgUtt belonging to the 
genera pectcn and ammonite*, and in one locality sped- »■ 
mens ot orthoceras. Posidonia and scaly* fishes have been 
obtained from certain nodular concretions, called “bftum 
pots,” lying in it. The uniform occurrence of these pec- 
tens ami ammonites, through so Wuje a range, over pne 
paiticular tluii bed of coal, and inVio other part of the 
coal strata, is one of the most curious* phenomena yet 
observed concerning the distribution of organic remains, 
and will undoubtedly be found of the highest importance 
in all inferences concerning tUe circumstances which 
attended the production of coal. » 

In this part of the coal system we may observe, tie- 
sides the very remarkable layer of marine shells, several 1 — 
occurrences of a peculiarly hard silicions sandstone, called 
galliard, ganister, seatstone, &c t which, in fact, is the 
same thing as the crow stone of the mountain limestone 
series in Swaledale. This Btnne in some cases forms' 
the tloot or sill of the coal, a 1 circumstance never ob- 
served in the upper coal strata, amongst which, indeed, 
galliard tiever occurs m its true character. Hence tins 
whole group of strata may lie appropriately termed the » 
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The arMnonites and pectens which lie above #one of 
the seaitis of coal, and still more the orthocerata which 
sometimes accompany them, are remarkably analogous, 
and perhaps in part identical with fossils of Die moun- 
tain limestone. The halliard is likewise to be compared 
with similar stones in the mountain limestone series, 
and therefore the g&nister coal series might be with 
much propriety associated with the upper mountain lime- 
stone series of the Penine chain, or with the millstone 
grit series of Derbyshire, and thus the flagstone would 
appear to be the lower limit of the true coal measures. 
But an examination of the neighbourhood of Halifax 
has shown another order of phenomena and another 
set of shells, %hich connect "this same series with the 
upper or true coal measures. In the upper coal series 
of Northumberland, Derbyshire, and Yorkshire, are 
several layers of bivalve i^iells, commonly referred to the 
genus unio, from which the fresh-water origin of these 
coal deposits has been * interred. In tile midst of this 
series of ganister coals two layers of these shells occur, 
one of them about the middle of the series, consult rubly 
above the pecten coal , the other near the bottom, and 
considerably below that coal, m 

No shells of this kind have ever been met with in 
the mountain limestone gioup which thriv is every 
reason to consider as of decidedly marine origin ; not 
one of all the zoophylic, testaceous, or crustaccons re- 
liquia* of this limestone Ims ever been found in the upper 
coal series. This opposition ol zoological diameters 
would appear to be fully explained it the coal deposits 
were admitted to have been act u mu luted in Iresh water. 
And thin opinion is pci haps generally adopted. 

We find then in I tic lowest coal series, which is placed 
on the line of transition between the marine and tresh- 
water deposits, zoological and mineralogical characters 
common to both. Examined in detail we ti ml these 
characters not mixed, but alternating in such a manner 
as if there had been one periodical return ot the marine 
element into its ancient, receptacle, alter that had been 
lor some time occupied bv Iresh water and its lew in- 
habitants. The effects of this nruplion having as it 
were worn out, the zoological characters of fresh-water 
deposits are again manifested at intervals, in the upper 
system of coal beds, till this series is finully ended, 
and marine exuviae reappear in the magnesian lime- 
stone. 

If, from whatevefcause, we equld witness the effects 
of a general irruption ol sea- water into a modern lake 
of great extent and considerable depth, it is probable 
that the resulting phenomenon would he perfectly analo- 
gous in kind to those* described above. But this irrup- 
tirfti of the ancieuPoeean into the coal basin of York- 
shire, was probably not produced by any violent convul- 
sion in that basin , (for there is no unconformity between 
the supposed fresh-water and supposed marine deposits,) 
hut by some disturbing causes originating at a distance. 
As the elevation of the Western Alps has probably oc- 
casioned the cfispersion of boulders in Datiphine and 
Provence, and the uplifting of the Scandinavian Alps 
has been followed by diluvial currents in Germany with- 
out much affecting the position of the strata in those 
Countries, so may the Yorkshire coal district have felt 
• the transient shock of some distant convulsion. The 
periodical revolution in the nature of the waters which 
operated the deposition -of the lowest <*>al strata in York- 
shire, bears so remarkable an analogy to sorpp of the 
phenomena of the marino-lacustrine tertiary deposits, 



that the same principles will pfpbably serve as a basis for Qwlwy 
the explanation of both cases. fi* 

lu both cases we have a decidedly marine deposit 
below, and a decidedly frenh-walcr deposit above ; tli in- 
termediate ground is not exactly neutral, but somenmes 
shows gradations from one to the other, and sometimes 
periodical alternations, accompanied however by so entire 
a parallelism of strata, that in seeking for the cause of 
these changes, we are ^compelled to have recourse to 
agency at a distance, to the blocking up of the outlet of 
an estuary, or to irruptimi3 of the sea, arising from Sub- 
terrunean disturbances in a different, quarter. 

The lower coal series of Yorkshire is terminated abpfie f 
by a thick deposit of sandstone, which is never so 
coarse as the millstone grit, and generally appears to 
be more argillaceous Its degree of consolidation 
varies according to localities and circumstances of drain- 
age, but there is hardly u single point in its wl$>le range, 
from the vicinity of Leeds to beyond Sheffield, where 
the title ol flagstone rock is not eminently applicable to 
it. Along this whole range, by the valley of the Aire 
to Bradford, over the hills to Halifax and Elland on the * 
Calcfrr, and hy Huddersfield and Peniston to Sheffield, Flagnt.>n« 
it is the grand repository from which the immense clc- r,,c k‘ % 
maud lor Yorkshire flagstone, both within the County 
and for all t he Eastern and Southern coasts, is supplied. 

In particular situations, especially near the surface, it is 
often so thinly laminated as to produce good roofing 
slate, while the deeper parts of the quarries produce 
capital building stone. This diversity of qualities is # 
consistent with great simplicity in structure. It is a 
finely laminated stone, having its beds in general very 
parallel, and thus, according as the whole muss of a bed 
is employed, or as it is split, into portions or resolved 
into its component plates by the action of natural 
causes, wullstone, flagstone, and slate result. The 
micaceous surfaces of eveiy common flagstone imme- 
diately disclose to us the cause of its natural partings ; 
and further examination shows the whole thickness to 
be divided by other layers of mica into a number of 
parallel plates, which sometimes separate by the mere 
influence of the air, but generally, after being once dried, 
cohere together with considerable force. In this case it 
is difficult to say what technical use should be made of 
the term strata , which may with equal verbatypaccu- 
racy be applied to the nVtcuceoji.s lamina 1 , or the plates 
of slate or flagstone to the beds of the rock singly, or 
the whole united mass of sandstq/ie layers. In Mr. 

Smith's nomenclature the whoh? flagstone rock is one 
stratum. However tins may be determined, there can 
be no doubt that even the least and thinnest of the 
micaceous layers owes its origin to a particular opera- 
tion ofi water, and required the intervention of a certain 
mjeryal of time, to permit the separation of the grains, 
of sand and the scales of mica. 

It has been s:pd above that the micaceous laminie, 
plates of flagstone and beds of the rock, were nil parallel. 

This is usually and very^exactly the ease, hut mVertam 
places while the beds and flagstones, Which are only 
lesser beds , are parallel to one another, the micaceous 
layers which make up the mass of the beds form con- 
siderable angles with the plane of their surfaces. 

Thus in plate i fig. 2 the upper part of the diagram 
shows alE the partings parallel ; and thi* is the ordi- 
nary case of the flagstone rock, but in the lower part of 
the diagram the micaceous lamfn® are inclined to the 
other surfaces of parting. 
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Otology. flagstones have generally o rough or ragged 

t,VlL 4iirlhae..iuid are much liable to scale off in irregular 
« «helK** which disfigure the beauty of the stone, 
ThtaLoblique lamination of the mica strongly reminds 
UK of the “false bedding** of millstone grit, and of the 
shelly beds of oolite, which probably were formed in 
slightly agitated water. 

The surface of the rougher flagstone beds is also 
liable to other peculiarities, as waves or undulations, 
like the ripple murks on a sandy shore, little hard knobs 
on one lace corresponding to depressions on another, 
and sometimes a vermicular marking, which more than 
iKiV thing else resembles the arrangement which semi- 
fluid matter assumes on smooth surfaces of stone, when 
these, a£er having been laid together, are forcibly pulled 
asunder. ■ 

r fhe micaceous layers are not unfrequently coloured 
with a mixture of carbonaceous particles. 

Vegetable remains lie in this rock in many places, 
and in considerable plenty. Equisetuceous plants in 
particular are abundant in it about Leeds, accompanied 
' by trihedral fruits. Lepidodendra, sigillaria, &c. occur 
in it less plentifully. 

( In general, whut is said of the accidents of structure 

of the flagstone rock of the Yorkshire coal fields applies 
to the laminated sandstone rocks of the mountain lime- 
stone, and even to the analogous but more recent layers 
in the oolitic coal system on the coust of Yorkshire. 
Middle coal This is the most valuuble part of the Yorkshire coal 
hvnes. f field, and includes as many as ten workable seams of 
coal, ot various quality, with several layers of ironstone 
bauds, one of them full of fresh-water shells. The 
flagstone rocks define the series below, and the coarse, 
often iron-stained sandstones of Ncwiniller Dam, Y\ oolley 
Edge', and Ruwnmrsh form its upper boundary. 

It may be convenient to divide this great group into 
three portions, thus : — 

Red rock of Woolley Kdge. 

• Furnace coals of Barnsley, &c , including the 

eight or ten feet seam. 

Rock of Jlorbnry and Wentworth House. 

{ Swift-lmming cimlw of Middleton, Dewsbury, 
&c„ with hands of “ miiMclvN.” 

Bituminous coals of Silkutoue, Low Moor, and 
Flocktyn. 

0 Flagstone rocks beneath. 

jpper coal Upon the course rocks of Woolley Edge lies the 
series. upper series of coal measures in Yorkshire, which 
exhibits alternations^ sandstones and shales very much 
like those of the middle and lower groups, but without 
the layers of muscles, and generally without the pre- 
sence of productive ironstone bands. The reliquiae of 
t plants are more rare in these strata, arid the coal is 

of inferior quality, more eurthy and less bituminous. 
.Two considerable seams of coal near the bottom, worked 
at Wragby, Sharleston, &c., and one or two thinner 
seams nearer the lop of this series, appear to be the 
, last of the formation, and are unconfurmably covered, 
as are* all the others in their .turn, by the magnesian 
i limestone, ogtfitist which deposit the line of separation 
is herd and distinct. 

Gomnari- We are * n tt condition to institute a comparison 
M.UH with between the results of observation on the strata of the 
other cod Yorkshire" coal fields, and those which had been drawn 
fold* f rom similar researches on the other coal districts of 
Britain and the pontittijtit For this purpose it will be 
of little use to take info obtount the number or thick- 
ness, or chemickl quality of .hefoedS of coal, since these 


characters, however important locally, are too variable 
to guide us across even the whole extent of a single ChtiX. 
coal basin, and vanish altogether upon distant points, 

We must, therefore, restrict ourselves, to the most 
general divisions of the carboniferous series, and com- 
pare the coal fields with reference to the strata which 
separate the coal from the mountain limestone beneath, 
the occurrence of bands of ironstone and muscle-shells, 
the nature of the rocks and shales/ and the distribution 
of organic remains. 

The characters of the Yorkshire coal fields are recog- The great 
nised in their continuation Southward through Derbyshire Northern 
and Nottinghamshire. The same ranges of millstone co, d field* 
grit and shales lie beneath;' similar rocks of hard ganister 
lie in the lower part, with a similar belt of useful flag- 
stone. The lower part of the series contains the most 
bituminous coals, and the mos^abundant course of iron- 
stone, some of which contain Iresh-wuter shells, and the 
upper parts yield similar swift-burning thick coals. 

The Lancashire and Cheshire coal fields are certainly 
portions of this great Northern system, separated in 
consequence of the subsequent uplifting of the moun- 
tain range of the Pe nine Alps, '1 he same gemixter and 
flagstone occurs near Stayley Bridge, resting in the 
same order of succession upon the same millstone grits, 
and though the broken condition ol the coal fields on 
the West of the summit ridge scarcely allows of the 
same accurate delineation of the courses of the coal 
beds, enough is already known to justify the reunion 
of the coal-deposits on both sides ol the Pcnine Alps. 

Notwithstanding the great interval in the superficial 
range of the coal strata between Aberford and Cock- 
field Fell, the series in the Durham and Newcastle 
coal fields is very analogous to that ol Yorkshire. 

But hitherto, no layer of marine shells has been no- 
ticed in the lower part of the Newcastle coalfields, and, 
therefore, the inference of alternate inundations of the 
sea and fresh water cannot be applied t.) this coal field, 
though the general conclusion of iiiaiine deposits below, 
and freshwater deposits above, remains unimpaired. 

Fresh-water shells, accompanied by nodular iron- 
stones, and numerous reliquia* of equisetijorm and fili- 
coid plants occur Without limestone beds in the coal 
fields of Clackmannanshire, Falkirk, and St. Andrew’s, 
but most of the Scotch coalfields, like that of the North 
and West of Northumberland, are funned by a de- 
vclopement of the carboniferous limestone group of 
Yorkshire and Durham, and contain marine shells. 

The immense coal basin of South Wales (which is, flwat 
in fact, as Mr. Conybeare has shown, divided into two Soutll 
parallel basins by a longitudinal axis of elevation,) w 
presents so many features in common with the detached 
coal tracts of Dean ForesJ, Kingswood^ond the valleys 
of Somersetshire, that for our present purpose we may 
conveniently group them together. 

The total thickness of the coal strata is very great, 
for in *thc deepest part of the' basin near Neath, the 
lowest strata ot coal are nearly 700 fathoms below the 
outcrop of some of 'the superior strata in the more hilly ^ 
parts of this district. There are (according to Mr. 

Martin) 23 beds of workable coal, nuiking altogether 
95 feet, 12 of them from 3 to 9 feet thick, U from Ifl 
inches to 3 feet; besides numerous oth?r beds from fl* 
to 18 Inches thick. 

The coal On the? North-Eastern sick* of the basin is ot 
a coking quality, excellent forth* ire mamifectu re; 

On (he North-Western it contains Iktl* or no bitumen, 
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. jf qlitility. the c*ukfe of these extra#* 
m tHc tjtiidKy df the coal Jt fiot ktibwtt, and, 
tl & subject of toe wjihg quality of a coal bed 



fajpkm pi been luletyidtely investigated, 
thbugh less striking examples are 


Many 

analogous thbugh less sinking' examples are familiar 
to A coal-worker of sufficient observation and expe- 
rktigt* 

Theftumerous cxcavatiohs along the Northern border 
of the*Soufh Wales coal district, for the purposes of the 
ItaJM tpanufacture, present ub with a complete section of 
middle and lower parts of the coal measures, the 
bmeet^ne aeries jjeneath, and the general base of old 
red sandstone. 

Tfaa lowest part of the coal measuies consists of alter- 
nations of sandstone and shale, without coal, the lowest 
bed (ill the place of millstone grit) being a conglomerate 
sandstone Above thia senes, two or three thin seams 
of coal occur, and these are followed by uu argillaceous 
series, containing many thick and valuable beds of coal, 
and sixteen layers of ironstone in thin beds and nodules. 
Whether the ironstone nodules contain shells has not 
(it is believed) been stated, but tht* general analog) of 
arrangement of the coals and it onstones to that which 
has been described in the Northern cod fit. Ids, will be 
immediately obvious 

It appears that the upper part of the coal strata is 
characterised by the pitdommance of coarse sandstone 
with carbonaceous specks, like % t hat called Tenant m 
Somersetshire, and that a considerable thickness of 
such rocks mtenenes between the upper and lower coal 
seams 

This Mindstonc is occasioiislly highly micaceous and 
fissile, and yields veiy good flagstone and e\tn roofing 
slate. 

The coal strata of this entirely insulated coal field rest 
occasionally upon t£ coarse sandstone like millstone grit, 
but the general floor as mountain limestone, which con- 
tains a layer of oxide of’irou, in suih plenty as to feed 
the iron furnaces. The coal «eam*», seven teen in number, 
contain about thirty seven feet in thickness of clear coal, 
which is mostly bituminous mid swift-burumg, but in the 
lower seams partakes more of a coking quality The 
ironstone nodules which lit m the shales aic of little 
iinpoitaucc ; the sandstones are mostly in the lowei part 
of the section, • 

The neighbouring coul field of Neb cut rests cm trans 
ilion strata along The Southern and Western edges, 
and cm old red sandstone along the North-Western. 
(Geological Proceedings, 1833 ) 

Thn broken coal deposits of South Gloucestershire 
and {jtytnfersetshire agree m being begnt by an irre- 
gular belt of moifbtain limestone and old red sand- 
stone, and occasional patches of sandstones occupying 
tfre place of imltalone grit The tnegular undula- 
tions of the strata in this district, and then concealment 
through extensive Tracts by ovei lying deposits, present 
ibrfpy^bk obstacles to the attempt to tysce the series of 
ttedk which constitute this coal Add 



part ttf the m 

beautiful impressing df ferns spi 1 
logy of England and Healed,) 

The Somersetshire coal fields M« 
illustrated by Dr. Buekland and the JtyV. 
beure ( Geological Transaction h ) , * 1 H ■ 

The well-connected cogl basin orPlintsh^Itt 

basis of which the estuafy of the Dee is fbhm*d f 

from North to South somewhat more than 80 k 

from Lhinassa to near Oswestry m Shropshire, * 

an exterior belt coextensive with the range of the mointtaSn 
limestone from the North of the Clwyd; wheie 
limestone is partially interrupted by the mountain 4 of 1 * 
Selattyn, the coal shales rest immediately op the 
transition slate of that mouuta.n U he coal strata dip 
generally Eastwuid, and form m the Northern 'part o 
trough beneath the estuary of the Dee, and riseragain 
on the Eastern side of lhat estuary in the district called 
Wirrul, from whence, sinking again beneath the led 
sandstone, along the course of the Mersey, they may * # 
possibly be pioiongcd to the South Lancnshne coal 
beds, near Piescot 

This coal basin m Flintshire commences with beds of * 
of shale and sandstone, answering in position and ® VT * 5Wlh 
character to the shale and millstone grit Derbyshire ***' 

The coal is of vaiious thickness from three-quarters to 
five yards, and consists of the common cauncl and pea* 
cock varieties ( Geology of England and Wales ) 

The broken patches of coal strata which he on the • 

South of the \ult of Seve.ti near Shrewsbury, a#0 
arranged according to the n regular positions of the trails* 
ltion i cks, which in the Stippei stones, Longmynd, 

Wenlock Edge, the Wrekm, Caer Caradoc, &c , extend 
themselves m a curve far to the East of the great body 
of the slate rocks The tme telations of the coal strata 
to the transition ranges, between whose projections they 
are enclosed, have recently been examined by Mr Mur 
ihison, and connected with general Mews of the dialo* 
cations along the line of the upper slate formations It 
appeals that the carboniferous strata repose on the 
edges of the slates, and dip towards a common centre 
under the new led sandstone At Pitchford the whole 
carbomfcious scries is represented by a bituminous 
bteicta, of a few feet in thickness Three thin bedsof 
coal aie, for the most part, observable, and the deposit 
is distinguished by an included band of limestone 
similar in mineral aspect to the lausstfine limestones of 
Centra] France, and containing minute plwiorbeg very 
similar to those mentioned above from the middle coal 
seams of \ orkshire and Northumberland. {Geologic al 
Prottedtngh, 1833) 

On the East side of the transition ranges of the Coalbrouk 
Wiek*in Tmd Wenlock Edge lies the coal field of Coal- 
biook Dale, which contains at the bottom a sandstone 
called £he little flint* 6t which the lower pan abounds 
m pebbles, and is in fact a millstone grit. Hie iron- 
stones, which he in five or six layers, are* balls or broad 
flat masses, like those in Yorkshire, &c, ancl contain 


* 
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Cqnybeare supposes that it msv contain as many * abundance of the same vegetable impressions, and a,**’ 

1 (hr sixty coll scants, most of them very thin, sheila} those which w« have examined (belonging: to 
" them exceeding one \and, and. therefore, the marine generA whfcula, conulsm, ammonites) mdi- , 

£ ... . ... „ . _ Jf sLa k.wAui.Uik.1 Mr 


I rpiatity, in a country st some dnyw* cate the 
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inquiry into the dutributio* tjf<, < 
%<mmpen««n wWithe 





/ #» 






riw unit, 

fitc. 


,||M)iWph 9 N 0 Uti for other uses than lime-burning, 
*< h %^0n called « tinkers ; twelve beds of good coal, in all 
'f^V$$0iity*ftve feet thick, the thickest being five feet, succeed, 

, , ; ' and the lowest bed of the whole formation, eight Inches 
•''.V/ifick, is sulphureous. The best coal of this coal field 
Usually presents a mixture of shite coal and pitch coal, 
rarely of canncl coal ; none of it possesses the property 
of coking. 

The sandstones of this coal tract are usually fine- 
grained and micaceous, and speckled with fragments of 
coal ; hut some of them are coarse-grained, and two 
remarkably so. The sandstones generally contain 
vegetable impressions, but never form the roof ol the 
'coal, which is invariably shale. Two beds ol coarse 
halftone, fifteen and u half feet in thickness, are en- 
tirely Penetrated by petroleum, which flows out perpe- 
tually ‘in the tor spring at C'oalport. This bitumen i,s 
'likewise lound in the basses or animated slate clay. 
These® 1 details arc chiefly derived from observations at 
Madely colliery, where a pit, sunk lo the depth of 729 
feet, passes through all the strata, eighty-six in number, 
which constitute the coal formation. 

This coal field rests at Stccraway, and near Little 
Wenlock, on a thin band of limestone, which Mr. Mur- 
chison has recently proved by its fossils to be mountain 
limestone, whilst m the contiguous extension of this 
field, the carboniferous strata overlie, un conform ably, 
various members of the transition series, with one of 
which, the transition limestone of Wenlock Edge, they 
are brought into conformable, apposition at Lincoln 
* hill. 

The divided coal -basin of the flee Hills is elevated 
upon the. mountain limestone and old led sandstone of 
Corvedalc, and contains several seams of coal and layets 
of ironstone, much confused in their arrangement by in- 
terpositions of basaltic dykes and overlying masses, and 
Misting below on a hard conglomerate sandstone. This 
interesting country has been recently examined by Mr. 
Murchison. On three sides ol the Brown Clee Hill, the 
coal strata rest on \ild red sandstone, which to the West 
is u course conglomerate ; but on the fourth or South- 
Eastern side, there is interposed between the old red 
and the lower coal grits, a thm '/one of mountain lime- 
stone. (Geological Proceedings. 1833.) 

^Trap locks confuse the arraii»emcut of the coal strata 
in the whole space between Corvedule and the Severn, 
which includes the narrow coal field of Billingsley and 
Hurd ley, which haa also attracted the labours ol the 
same Geologist. ‘ • 

The double coal field which surrounds Asnbv de la 


Central 

coal fields, gjouel, is based on mountain limestone, which, like 
* some portions of that of Derbyshire, contains abundance 
of magnesia; there is, however, no particular enrre- 
. Rjfondeuce to be remarked in other respects ; no i oilstone 
grit tun been recognised, no flagstone, nor conihifkrous 
ironstone. Amongst the seams of coal is one of the 
variety called carnal, and another from seventeen to 
twenty-one feet in thickness. (Geology of England and 
Wale*.) , '* * 

The strata of the Warwickshire coal field are based 
upon u compact cherty sandstone, called by Mr. Cony- 
• haute millstone grit,” but no limestone appears round 
the escarpment of this narrow coal trae*. T he seams of 
coal are liable to great changes of thickness in conse- 
.. cjueuce of attenuation of the interposed 

^trata-of^bale*. 


The coal i 


.mttSGhuhpck Chase 


agrees in part With that of Coelbrook Dale* but differs %ok^r, 
from' all the others by the character of the stibjaeenjt , 
limestone, for this is generally admitted to belong to the. 
transition system. The coal measures are supposed by 
modern writers to be u neon formed to the limestone, but 
their dips correspond in direction though pot in degree* 

The limestone is uplifted into a saddle-shaped or anti- 
clinal ridge ; the coal strata rest upon its slopes, and are 
covered by the new red sandstone formation. 

There is no millstone gut, nor any flagstone, and 
(as usually among the central coal basins) the strata 
arc mostly ‘argillaceous. Ironstone courses occur in 
several parts of the series, but the only valuable ones 
are near the bottom. The seams of coal are numerous, 
but only the lower ones are workable.* They are of 
various thicknesses trom two to ten yards, or even 
fifteen yards. 

It is not, however, to be 'supposed that these enor- 
mously thick seams are single lieds of coal; they are in 
fact composed of several beds locally accumulated toge- 
ther, with certain partings, which in other places swell out 
into considerable thicknesses of shale. Thus the upper 
part of the ten-yard coal separates from the rest of the 
beds, and under the title of the “ living reed/' becomes 
a totally distinct bed in the Northern part of the coal 
tract. 

The coal fields of Ireland occupy very large tracts in 
the centre of that country, and are upon the whole vciy 
analogous id general iiuneiat characters amt organic 
contents to those of England. The same absence of 
limestone, the same kind of succession of sandstones and 
shales is remarked in them. Carbonaceous oi stone coal, 
like that of South Wales, abounds in the Leinster and 
Minister districts; bituminous coal m Connaught and 
Ulster. The Munster coal district is slated by Mr. Grif- 
fith to be of greater extent than any English coal field. 

J ii this tract tCmiiitv oi Cork) Mr. Weaver supposes 
certain anthracitic beds to be interposed in grevwackc. 
audio be subject to all its flexures, 1 hui certainly the 
greater part of the coals of Co* k and Limerick are of 
the same age as the English conks. At liallvcastlc lh«- 
cual is found m connection w/h basalt. (Sec Cony heart*. 

Geology of England and If alts ) 


Genvurf Viem of Curirmstances under which the, Coal, 
Urdu were deposited. 

1. Few subjects ip. Geology nave been examined under 
more various points of view than the question of the 
origin of coal, and the circumstances under which it Was 
deposited. We may wonder at the philosophical blind- 
ness which would permit in the last century protracted 
disputes concerning the vegetable* origin of coal, when so 
many thousand plants converted it to that substance 
were found in the shales and .sandstones of every coal dis- 
trict. But in those days this kind of evidence was ho little 
understood, that the inimitable impressions orients and 
other plants from which we are now accustomed to 
reason concerning the climate and other conditions of the 
ancient world, \%eve not even admitted to be reliquiae 
♦ the vegetable kingdom. 

There is no necessity lo enlarge ur on the proofs of the 
origin of coal from vegetables, drawn from mi examina- 
tion of its chemical constitution as compared with ve$e- 
tttble^products, and the composition of the ligneous pdrts 
of plants, aria from the unanswerable identity m the 
carbonaceous aubstaus^ Into whicha 




fossil ■ plant? have ten converted# , The chemical con- 1 - Tfiese circumstances tony appearto i 

ablution of this carhouacedus product pf the individual thesis of De but '&ejf ,: bkti!tiidt hH&e 
vegoteWea* is exactly analogous to the chemical con- very serious objection* to jt. J 1 ’ 

stitution of coal; and it is quite probable that hereafter The formation of peat bogs ' is, As • fltr''''tm‘'WJp w '!cUowf ■ ! ":*& * >; 

the reason of the variations to which both are subject, not of the kind here supposed. It is not ! by fragments ; 4:Sv4*rj 
whether dependent on the original nature of the plant of trees and herbaceous plants accumulited rcMmd the ' ,AAA' 
or produced by subsequent operations, will be as ap- place of their growth, but of a variety of sul^essWly , - j ! , 
parent as that of the genera! agreement arising from a dying mosses and other moisture-loving plants that ifr* 4/^*\ 
common vegetable origin. (For some remarks on a part prat bogs grow vp to the extent which they occupy ori r •' 

of this subject seech. h>. 547.) the high cold hills of the North of England. 


II. Admitting then the vegetable origin of coal, the 
next question relates to the situation where the plants 
grew frail) which the vast mass of the coal seams was 
derived. 

Many of the plants accompanying coal are of un- 
known types, and some are too imperfect to permit any 
botanical deductions ; but the researches of Naturalists 
have nevertheless been successful in determining some 
general characters of this ancient flora. 

The greater number of these plants were decidedly 
terrestrial. 

They appear to be most analogous to tropical irifres 
of vascular, eryplogumie, and coniferous plants. 

They grew then on the land, aiql it is probable fmm 
M, Brongniarfs researches, that this land was in a high 
degree subject to heal and moisture, more so than per- 
haps even ihe coasts and islands n( tropical seas, to the 
flora of which situations the coal plants present most 
remarkable general approximations. (See p. 003.) 

III. W e may now venture upon the main part of the 
inquiry which h lutes to the origin of coal, viz. whether 
the plants from which coal was produced [grew in thur 
prc&mi situation*, ami were there submerged and buried 
beneath xnuimc or lluv table deposits, oi were swept down 
to their present repositories from distant situations by 
land floods and other causes To guide us in ibis inquiry 
the following data may be premised : 

1. The « mcrally uniform, or gradually varying, 
thickness of the * several coal seams over a very large 
area. 

2. The broken and Jragmcutai \ condition and con- 
fused mtermiMiirc of the plants whhh accompany coal 
strata, and dieir being genrr.dh without roots 

3. The occurrence oi flu- same .s'/i'V/es uf plants in 
shales, ii oilstones, and sandstones, 

4. Tile occasional \cilual position of hro/ccn stems of 
large tiees, 

5. The parallt hsifi or conformity of the several beds 

of coal , 

(5. The extreme dillerenccs in the thickness of the 
several seams, ’and the occnricnce ot many very thin 
plates of coat through manv of the coal shales. 

Be Luc ami several eminent (i eulogists, and lately 
M. Adolphe Brn^uniurt, have supposed coal beds to 
have been originally a sort of peal bogs, or ma^s of 
vegetable reliquiae accumulated round the place of thiir 
growth, upon which other vegetables grew, and that 
subsequently th*;sc tracts of country during some'vxtiwi- 
sive convulsions subsided below tin ir limner level, and 
wehj covered by various mechanical deposits. This 
hypothesis seems to have been suggested by the seem* 
trig analogy iri ^botne resjiects between the chemical 


the high cold hills of the North of Eilgland. - , 

There is, however, another kind of vegetable nceumu-Sukterra 
lalion which may bethought to throw more light dtt ^ an 
the origin of coal. The turf or peat moors, as they ate fpw ****' 
called in the North of England, which occur iiC low 
ground toward the estuaries of rivers, and along JWT 
margin of the sea, in many parts of England, obtain 
a mass of vegetable matter, composed of mossjfs and 
oilier Ini mid plants, roots of Img, &c. and envelope 
trunks of trees, sometimes prostrated in partici^lar di- 
rections, apparently cut by art or decayed by time. In 
some places are oak, in others birch or fir, according, 
as Mr. Willi on Smith has observed, to the nature of the 
soil below, which is sand, marl, or clay. With them 
often lie the remains of terrestrial quadrupeds, land 
shells, &c. „ 

The marls sometimes contain fresh-water shells, but 1 

never* marine t*xuvia\ in most places these accumu- 
lations of vegetable reliquiec are below the level of the 
sea, am) covered by various alternations of mechanical 
deposits, sands, and clays brought down by the rivers 
or deposited by the tide. 

These phenomena appear to admit of an easy expla- 1 
nation, if we allow that the relative level of the sea arid 
land has been locally subject to variation, and thus the 
dunnage ot the country deranged. 

The greatest part of the vegetable mass grew irt its 
present situation, it was a humid forest where the leaves 
and branches ot t be ire**s, mingling with the herbaceous 
covering at their base, formed an extensive carbonaceous 
muss, winch enveloped the trees when they Jell by any 
greut violence of wind or flood, perished by natural 
decay near the base, or yielded to the axe of the old 
inhabitant. Jn cases when* the situation was elevated, 
or otherwise removed from the action of the tide, the 
ancient, forest has heed sometimes converted to a lake, 
or overwhelmed with the ruins brought by a land-flood. 

Along the sale of great rivers, vvhere the level was per- 
manently below' the floods or tides, many successions of 
sandy and argillaceous deposits have taken place, and 
sometimes u second accumulatidn of vegetables ; and 
thus the whole alluvial sediment and subterranean forest 
resembles in some important respects the alternations of 
earthy deposits and carbonaceous layers which compose 
the ancient coal strata, 

}Y<n have, however, not yet exhausted the heads hVthe LaL- .la- 
subject v»t the agglomeration of vegetable re) iq tike. Jn 
many situations in England, as in liolderness, (*7 W>- 
logy of Yorkshire they have been swept down from 
the land, and accumulated on the beds of Jak<* in a 
pretty regular stratum of partly decompose^ leaves and , , 
herbs, with branches of hazel bushes, nuts, &c. and 


trig analogy in ^>mne resjiects between the chemical fragments of larger trees. Over them the lake has * 

changes which have happened to tbs vegetable t matter since diffused, in regular layers, the sediment brought 
peat bogs and of coal, by the occurrence of stems of into it by the streams and floods, with the shells which 
plants vertically in the coo! strata, and by the sujqw&ed lived in the waters. ' , 

difficulty a otherwise explaining Aa acknowledged re^ The Mississippi and other great were of the World Rivyr <;» 
gpUKtity of the iV - _ » whose banks are clothed with imlnenae primeval tbresta, Fwt*. 








7 o§e to age the hvw as they fall are rolle< 

•:;,4'iC^.;fi* . ; ,:^i^r-,’M .the periodical inundations, deposit in their 
alternate and repeated layers of vegetable 
V earthy matter, and thus present us with another 

^ . viaugtiogy to the coal strata more exact in detail than any 

f W (the preceding, and more justly comparable in extent 
' ■ jof effect. 

• \ ■ To what distance in the sea trees may he rolled by 

the mighty continental floods, .those who have been ac- 
customed only to contemplate the trifling streams of 
England, can have no proper idea ; but the navigator 
• who at the distance of two or three hundred miles re- 

cognises in tlie Atlantic the last etlbrt ot the current of 
the A^inazons, or in the Bay of Bengal observes the im- 
4 V^use accumulations of earthy sediment transported bv 

t the gentler waters of the Gauges, will readily admit 

that the estimsy deposits from such ri\ers may exceed 
the area* of the most extensive of our coal basins. (See 
( liyell’s Gco/ogy.) 

* Effects ot If we are right in the inference that the ancient flora 
higher turn- which lie* buried in our coal tracts was the gmwth of even 
l*ertttnrfr. more than tropical heat and moisture, we may readil} eon- 
( ceive how these circumstances, joined to the certain fact 

that the land was then of far more limited surface, would 
also explain the greater amount oi both the organic and 
* inorganic depositions from the ancient d nu it age of the 

earth. For a higher temperature of the air and earth, 
accompanied by more abundant moisture, would natu- 
rally be followed by more luxuriant vegetation, more 
abundant precipitation of rain, greater and stronger 
rivers, and more violently excited floods. As the rich 
1 vegetation mid atmospheric storms and destructive floods 
« of the tropical region exceed those of our colder latitudes, 

so would the effects of the anrent floods in si ill hotter 
climates surpass the most powerful results ot the pre- 
sent combination of agents. 

It is possible that the died may have been height- 
ened by some essential difleirnce in the constitution o{ 
the atmosphere; (M. Brongniart supposes by a large 
proportion of carbonic acid ;) but without at present en 
tering these fields of hypothesis, the botanic characters 
of the fossil flora appear to warrant the conclusion above 
stated. 

From this short review of the operations now in pro- 
gress, by which a part of the decayed vegetable covet- 
ing of the earth is accumulated in peat bogs, lakes, 
estuaries, and the sea, we perceive cleat ly that d the 
production of coal be not now actually in progress in 
certain situations, deposits of carbonaceous substances 
happen under circumstances which will greatly eonhibute 
to correct and simplify our notions of the origin of that 
combustible. 


cidedty in favour of the opinion fcho* the greater portion ti&bSfah 
of all the earhonaceav* deposits were swepldown 'from ■: 
tile places where they gre won the la**d,to andentlakes#, ‘ T ^r‘S' 
estuaries, and seas; and. indeed, it is perhaps not yet 
made probable that any continuous bed of coal has been 
produced otherwise. . 

For De Luc’s notion of the plants growing in the Generally 
very spot where they have been converted to cbal 
seems altogether inapplicable to eases where many ' * 
layers of coal alternate with many of sandstones, shales, ™ 
ironstones, &e. For this could only have happened, ac- 
cording to that notion, in consequence of at least as 
many subsidences and subsequent elevations of the same 
tract of strata, as there are coal seams in it; and when 
in addition we take into, account the ptrfect parallelism 
of the strata indicating no disturbance* the thin lamina* 
of coal which sometimes occur in the shales, the local 
divisions of the scams of coal, and the quantity of land 
plants lodged in the separating strata, we shall be 
compelled to limit to very tew cases an hypothesis which 
involves such gratuitous difficulties. 

]. On the contrary, these very circumstances are ex- 
actly such as must necessarily be occasioned by the 
effects of periodical floods operating through a long sue- 
cession of time upoft a well- wooded country. They 
would transport at intervals vast quantities of vegetable 
and mineral matter into the lowest receptacles of water. 

There the mingled mass would he sorted by the wet/em, 
according to hulk and specific gravity, as we observe 
every day in lakes and on the sea-shore, an effect which 
most probably would be much heightened by the un- 
equal velocity with which masses of such unequal hulk 
and gravity would lie originally transport »d by the cur- 
rent. They would he deposited ut distinct layers, of 
which the most regular and uniform would be the layers 
of plants, because tin sc are more different both as to 
bulk and specific gravity from the other materials brought 
along by the Mientn, than an* these materials among 
one another; a tact rt mark ably conformable to observa- 
tion. 

2. But though the greater mass c*f the plants would 
be thus sepal ated from the earthy sediment, there would 
probably he some portion unavoidably entangled there- 
with and deposited with them, and thus the sandstones 
and sli de are found to contain in confused admixture a 
considerable number oi plants. 

3. The trees thus transported by the floods might for 
the most part not. have been u pi cK>t* *rf * they would also 
in their course he broken and mutilated, and mostly 
deprived of branches and leaves, exactly as we find 
them in the coal strata 

4. Jn the various eddies of the waters under which 


Cmd Until all the circumstances which cliaracteiise the the sediment fell, some trees might he reared upright, 

* formed in different coal basins have been very fully investigated, and others might and indeed would float with the hea- 

various it wMl be hazardous to decide generally tigani.it any \iest end downward, and be kept in fnat posture by a 

situations. * tiypol>}i€_'f>is utlvnnc^rl t.o explain the deposition cfl coal, sudden and great accumulation of sediment, and thus 
which proceeds upon observation of the accumulations of we seem to have a natural explanation of the occasion- 
vegetable matter now in operation!* it in ay hereafter oily vertical position of trunks of sigilluriic, and equi- 
’ appear .that the vegetables of some coal basins grew setacem in sandstone. In shale deposited more trau- 

* where their rm'iaius are now carbonized, according to quilly, this fact has never or most rarely been nolicctk 

* M* BrottgnWt’s notion ; that other coal beds arose from 5. Successive operations of this kind woul<l equalize * lfl 
trees and plants, swept down from the land into fresh- the results over a large area, and produce a remarkably 
water lakes ; that others were formed in estuaries alter- general parallelism of strata in the same basin* 
nately traversed by floods from the land and tides from 6. According to the condition of the currents, t ha 
the sea; and that some were transported far into vhe acctrnijd&tiou* at any given time, or for atiy period, i. v 
deep and tranquil tfecaa. might be in one part wholly vegetable, in jaiiofherwhilHy 

Bui all the weight* of observaiioq yet made is de- earthy,^* of alternate quality, and thus the oflteMfcftid 









tlettinm o/ttpa ) if of a cool tract usually products 
Qu n. ihe.jftdaflm of a coal seam into its constituent portions, 
MVW aw4 $be parting* of a coal bed appear all perfectly 
natural consequences of the same simple cause. 

7« It is probable that in lakes which receive floods 
overcharged with sediment* and which in consequence 
are frequently muddy* few kinds of molltisca, or fishes, 
nr o tiler animals would live, and that the molluscous 
remains would be such only as belonged to bivalves, 
like unio and auction, or univalves, like paludiua, 
which never come to the surface for respiration, but 
remain at the bottom of the waters. The shells found 
in coal tracts, supposed to be of fresh-water origin, are 
principally uniones and anodonta. 

6. it is also probable, tor the same reason, that only a 
small number of the animals or plants actually existing 
iu the sea at any one time would be found within the 
area of o very muddy estuary, anil thus we see the 
reason why the coal basins which contain no ficsb-water 
shells, and are from other circumstances presumed to be 
of marine origin, are generally devoid of animal temuins, 
except m the calcareous lasers or nodules whicli* may 
occur iu them. These calcareous deposits evidently 
murk periods during which the chemical precipitations 
trum the sea were little or not m* all troubled by the me* 
chameal aggregations from the floods of the laird. 

A. Ah many basins of fresh water, estuaries, or seas, 
as received the vegetables and sediment brought down 
by the floods, so many distinct series of carbonaceous 
and argi llo -arenaceous deposit* would be produced 
there would be no particular agreement between them 
iu the number, thickness and quality and arrangement 
of the eon I scams, rocks, or shales, or ironstone, but a 
general agreement, depending on the common physical 
conditions ol the legion. But in the same basin, even 
over very large areas, there would frequently occur 
particular agreements, in many respects ; coals of parti- 
cular quality, rocks of certain kinds, beds ot ironstone, 
and layers ol ^shells, may be traced over large tracts 
and assigned to definite places in the general section. 

Convulsive Movements of the Carboniferous System. 

Nothing appears mow clear iu Geology than that the 
same parts of the Globe have been alternately subject to 
* gradual alteration, through the slow and equal action of 
the nrdinury system of Nature, and to sudden extreme 
changes induced Ijy the shorter dominion ui violent dis- 
• furbitig forces. ' 

The preceding descriptions sufficiently show how re- 
* gular was the action ot the causes which permitted the 
immense accumulations of chemical deposits, earthy sedi- 
iqpnt and vegetable reliquiae, on the beds of ancient 
lakes or estuaries, and f«u how long a period this pro- 
cess continued^ the prodigious number ot aliernaiums 
in the deposits sufficiently attests, it was, indeed*, com- 
pared to the present state of things, a period of tciiunk- 
able excitement as to the vigour pf vegetation, and per- 
hups also as to the abundance and force of inundations; 
hut the parts of this series, compared with one another 
and with analogous strata of different ages, furnish proof 
, that the whole was the result of what may be termed 
the then ordinary course of natural operations. , 

Kxfent or But this long period appears to, have come Suddenly 

tu?r m ^epd, and the characteristic regularity of itj deposits 

Uf $<> huve been interrupted by a general eruption of dis- 

turbing forces the traces of their power 


and exiewtirt aft Drib qtf * 

' A* after ' the ■ depoatf . of tbO 
happened and were succeeded toythe old m ' 
rate, so after the deposit of the eonl* similar and equafty 
extensive interruptions of the .planes mid ’ooiwaes of 
strata were followed by the analogous deposit of new 
red sandstone. In the course of these operations* the 
whole thickness of at least the stratified tnasa of the 
cruet of the Globe appears to have been broken in vnemy 
directions, and the divided portions raised or depressed 
a few inches, many yards, or hundreds of fathoms from 
their former level, and placed in new .situations, with 
various angles of inclination to the horizon, and in va- 
rious directions. Scarcely a mine or colliery iiijvorJvod 
in strata of this eru in any part of the Win Id wbgJflMH 
not crossed by several faults or dislocations iff this 
nature, and it is always found that they dmde/nul dis- 
place iu the same direction the whole series of /he strata 
to the greatest depths which man has reached! • 

That these dislocations happened after t lie complete 
deposit and induration of the coal strata is evident; 
that they followed almost immediately, and happened 
nearly at the same period ol time, iu almost all the coal 
tracts, appears ceitain from the general fact, that the 
disturbances of the coal seams rarely extend into the 
newer strata of magnesian lime and red sandstone. 

There was, therefore, a general disturbing agency em- 
ployed to break up the consolidated planes of the car 
boniferous strata; and from the occasional filling of the 
dislocations with basalt, various crystallized minerals, 
and other igneous products, no doubt can remain that 
the principal usyent vvns that general source of heat* 
which is included within our Planet,, and which finds 
vent for its energies in different places at different times. 

T> particularize all, or even the most remarkable of 
the faults of t he carboniferous systems of different toutc 
tries, and to uoike ail tile variations of their appearance, 
would be entirely foreign to the intention of this treatise ; 

Midi details must be sought in special descriptions of 
tin* sev> ( ial mining districts and coal fields. But we shall 
notice some of the most predominant of these disloca- 
tions, which appear lo have caused the most extensive 
alterations m the level ot the strata, ami to have been 
most efficient in uplifting particular ranges of laud, and 
giving new boundaries to tilt* Ocean. 

That most of the carboniferous deposits were origi- 
nally limited m area, has been already stated, and there* 
fore we must be cautious not *to infer the violent sepa- 
ration of two coal tracts bom the mere fact of their 
disunion, without reference to 4hfi connecting inferior 
strata. Thus the coal fields of the Forth and the Clyde 
were probably limited bv the previous elevation of the 
ranges of the Grampians and the Lummerimiir, and 
though presenting strong analogies with the Northern 
coal /fields of Northumberland, there is no reason to 
believe that they were ever joined to them. Keeping 
tins inSiew, and guided by a knowledge of the charac- 
teristic points of Hlie several systems of strata, we shall 
be able with more or less facility to determine tbe*amnunt 
of the disturbance of position induced any given coul | 
tract, and thus to restore in imegiuutiod thu original 
condition of the strata. The separation of the great 
coal fields of Northumberland and J)urham on the one 
hum! from those of Yorkshire and Derbyshire on the 
Other, appears to have heeu caused by a general eleva- 
tion in an Eastern and Western range of the whole of 
th$ tract intervening between Wharf dale and Teesdale* 
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Is this *b<l the waste of the tltwdid 

, that while the lower parts of the 

i system ure connected, the upper parts uve 
divided, and the magnesian limestone lies level 
fjyV-;, .*,*'■'/ k coal of Durham and millstone grit of Nidsdale, 

again covers coal in Airedale. 

‘ *■ ’ Again, all of the great Northern carboniferous tracts 
*' are arranged with relation to an almost continuous 
, Northern and Southern axis -of elevation, from the 

mountains round the source of the South Tyne io Ingle- 
! ! borough, through Bolland forest, by Peudle hill and 

* the Western border of Yorkshire, to the limestone dis- 

trict o! Derbyshire, while the particular fields of Halt ley 
^Jurn ,»*ul Black Burton depend upon two cross lines 
f of ^.dislocation or fault, the former passing Eastward 

underlie name of the main, or 00 fathom dyke, from 
near Brampton to the sea-side near Tynemouth, and 
depressing the strata to the North, while the latter ranges 
( Eitst Snynh-East by a remarkable line of slate rocks from 

< Kirby Lonsdale to near (irassiugtou, aud throws down 

4o the South. Tlie carboniferous rocks which surround 
the Lake mountains have certainly been allected by 
, elevations subsequent to those which hi that district 
followed the deposit of slate, and anterior to the de- 
posit of the superincumbent red sandstone. 

4 A large proportion of the mineral veins which divide 

the carboniferous limestone series of Ahktone Moor, and 
the mining dales of Durham and Yorkshire, range East 
and West, and may be reasonably viewed as lateral 
fissures proceeding from the main axis of elevation 
Which they join nearly at right angles. The same direc- 
Mion at right ungh*s to the continuation of the same 
1 principal axis of elevation is recognised in the veins of 

. Derbyshire, some ot which range to the North-East and 
others to the SoutlnEnst, and, though with considerable 
f variations, appears to prevail amongst the numerous 

faults or slips of the coal field of Yorkshire, 

'The great Northern and Southern axis of elevation 
of the carboniferous scries in Derbyshire is broken across 
on the North, near ( aslletou, and appears to be terrni- 
. tinted on jthe Soul!* near Brad bourn, by great cross 

faults; and the whole ot the coal measures of Notting- 
hamshire and Derbyshire, cm the East, and of Stafford- 
shire on the West of the axis, are cut off by rapid dip or 
sudden depression to the South. It may be conjectured 
that, the line of ibis depression is prolonged beneath the 
* ,ted rocks of Cheshire to the estuary of the* Dec, and »t 

is, perhaps, not improbable l hut the red marl and sand- 
1 , stone which fills the drainage of the Mersey covers a 

large extent of depressor) coal strut a. 

Further researches may veiy probably ascertain the 
existence of several other bunt*. I coal tracts in the mid- 
, _ land parts of England near the detached coal fields ot 

Leicvstershiie, Win wiekshire, and Staffordshire. , 

Tift 1 Forest of Dean is a singular basin ot coal Vrata 
iviih a belt of mountain limestone and old xed Aun'l- 
titone, mmg Irom u plain of new red saudstofie, and 
looking over the vules of Wye aud L'flk to the similar 
but more extensive district of South Wales. The ge- 
neral line of elfc'.ation in this immense coal field is East 
and West, and the strata dip from both the North and 
the South toward the middle; but Mr. Conyheale has 
shown that along the middle runs an internal axis of 
elevation, so' that the coal field is a double trough. 

Tfie elevation of tbe Mendip Hills, and other tracts 
6f carbon iferous in SomersetsUirc and Glau- 

■' ttftftevahirc* as ^ ^ faults m the collieries 


Forest a! 
}km. 
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near Both and Bristol, mttst be referred to the same ©wW*. 
epochs for the superior strata of t^ed marl and the oolite# 'WTC 

arc unaffected by them. ' 

This short review shows Us what extensive changes 
in the relative level and area of land and water were 
effected in these regions immediately after the deposi- 
tion of the coal strata, and similar results have been 
obtained from researches in various parts of Scot! aud, 

Arran, and other Islands, mid in the large coal tracts in 
Ireland. . * . , 

In extending our researches to foreign Countries, we Ardemiw, 
must remember that the exact date of the disruption of 
the strata is determined by limiting the epoch between 
the date of the formation of the strata broken, and that 
of the nnconformed stratum next incumbent or adja- 
cent. Thus ou passing from the Ardennes mountains 
to Luxembourg, wc descend from the elevated slate 
range to a horizontal mass of new red sandstone, fol- 
lowed by lias and oolites ; and in this case it is clear 
that the elevation ot the Ardennes preceded the depo- 
sition of new red sandstone : but where that stratum is 
absejif, (the general case along the border of these 
mountains,) we must have l>een content with inferring 
that the epoch ol the disturbance was older than the 
oolites On this account it is not easy to fix the date of 
the disturbances of the coal series of Belgium mid the 
North of France more precisely than by saving, it was 
anterior to the oolites, since these ure the oldest strata 
lying uiiconforniedly over the coal. 

The slips and dislocations of the carboniferous system 
almost invariably agree as to the direction of their 
slope, compared to the level of the strata with the 
general law stated lie fore ; (eh. i. p. nil.) bin 'here are a 
tew cases of such extraordinary dislocation, as at Valen- 
ciennes* and in Somersetshire, that the beds of coal and 
ac< otnpanying strata are bent into u sigmoidal flexure, 
aud m part turned completely upside clown. Lesser 
cases ot llcxure of beds are not untrequent. 

With respect to the degree of distinct new; of tin* 
planes of the slip, we may remark ;h»t this depends 
very much upon the consolidation ot the strata di- 
vided. I Inis while in 'limestone and solid sandstone 
the planes or cheeks of the s l ip are HeuiTy traced, 
they are almost obliterated nf shales and thin bedded 
sandstones, either by a bending at the surface of frac- 
ture, or bv a filling u;> of the chasm irregularly with 
fragments from the sides. This applies even to the 
case of a mineral vein which crosses alternating* strata 
ot three di Ifeiont Kinds, as in the mines of Aldstone 
Moor aud Swulednlc, where the metallic and sparry 
substances are crystallized mi abundance' in the open # 
space between the hard checks of limestone and grit- 
stone, but are tar less plentiful in thu. obscure and con- 
tracted interval between laces of shale. In districts 
which appear to have been once remarkably subject to 
igneous eruptions, the fissures of the dislocations arc 
often filled by basalt, both in the subjacent limestone 
and superior coal tract*, ns in the Comities of Durham 
arid Northumberland ; but the metallic ores and spars 
which properly constitute a mineral vein, and which 
abound so much in the limestone as to give it the name 
of metalliferous, are very seldom fonrid ip the fissures of 
the coal (tract. 

However it is to be explained, there certainly appears Affinity l>v- 
to be sojrac affinity between the metallic matter of the tween, vein* 
vein and the naturae of the strata which it traversed; 
aud fbaa|:b no doubt can be enfertamed thauheveina 
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tabic substances embedded in the interior of the rocks, 
besides the very remarkable examples of crystal a of 
blende, galena, &c. in the interior of brachiopodous 
bivalves, seem to prove that the metallic mattei has 
Wen in these cases deposited by a kind ot secretion. 
Nor is this supposition, which is strongly confirmed by 
obseitations m the slate districts of Cornwall, m the 
least inconsistent with what is known oi the diffusion of 
metallic substances by gradual heat much below their 
melting points. Breislac and Heury mention cases of 
the transference and collection ot metallic mailer (cop* 
per) at un ordinary roasting lieat, and the well-known 
example of titanium extricated from the melted iron of 


allow that the transference of nwrtalHfc ^a'y 

have been effected by the ordinary agency of or 
the influence oi electricity, so as to lpipregtiato (he strata 
under particular circumstances with the coutftfttift of the 
neighbouring veins, buck secretions of metallic toiA - 
stances then do not require* us to admit the codtrodtc* 
tory dogma dial the veins iccupying iissmes are coti* 
temporal icons with the strata. 

The metallic substances usually yielded by the car- 
bomterous limestone are most ol the ores (JS*4ead, zinc, 
and copper, with oxides and uuhomitc of iidn/^Snd tta? 
vein- stuff, oi matiix, is cal cm eons spar, fltuir spa r ,1ml- 
phate and caiboimte of barytes, slrontiamte 
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, . Ditto. 
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■ ( Name. IbtiUh f i»cik1i(lc*«. 

, Nedropteris twniifalia 

lieterophylla. Newcastle ........ * 

Or Amgen 

flexuosa Bill h, Yorkshire, \c. 

gigantea Newcastle 

oblongata Paulton, Somerset 

cord at a, Leebotwood, n< ur Shrewsbury 

Soretii Newcastle, 

Petnptens longifolta. 

blech nobles 

Candolhana, 

ryatheft 

arborescent* 

jdatyrachu 

Dithieihb 

polymorphii ....... ... 

oreupteroides 

Huck'amln Hub. 

aqtiihriw 

Schlottheunni 

nteroides 

Davrcuxu 

Muntolh Newcastle 

lonclntica Ditto e . . . 

Serin Bath 

Grand ini 

crenuhita 

marginal. i 


Porctgu Luoalltie*. 


| Saarbruck, Miereschau, (Bohemia/) Wuldonburg, 
\ (Silesia,) Montreluis. 


\ (Silesia,) Montrelais. 
Suarbruck, Valenciennes. 
JLimjBville, (Ohio.,) 

Saar brack. 

A turn, Saarbruck, Esehweiler, Ac. 


Alain, St. Etienne. 


Werden. near PusseMorf, St. Priest. (Loire) 

Alais. (Gard.) 

St, Ktienne. 

St. Ktienne, Aubin, (Aveyron,) Anna, Mamiubach. 
St. Ktienne. 

Charleroi. 

St Ktienne, Al.usJ'Litry, (Cnlvudotf/) Wilkes burn?. 
Le Lardui, Mannebach, VVetun. 


gigantea . . . 
punctuluta . . 


Lycopodiuee* 


oldujllH ..... 

Brardi 

UkdY.ineii , . 

uvatii 

Plukenehi 1 

arguta 

nl.it a 

eustata 

$ * nspera . . f 

Mdtom York, hue 

abbreviate 

iiiirrnrih\lla 

swpuuis. 

acuta . 

,u. uta . . 

dt bilis 

dent .»td . , - 

august tsKiina. , 

gracilis , 

jicmufformis 

tn angwiari s . . # 

jiectumta . . , 

plumosa Ditto 

adiantoides. Ijind Newcastle. 

heteroj»h\ lln, Lind.. .... Ditto. 

Lonebopteris Pourimisn 

caheellata. 

I tdontoptens Brardi * . . . , 

cretudatu 

minor 

ubtiisa New Shrewsbury , 

Scblotthenmi . . 

Crtulupteii* piuuawu, Lind. ..... Somers/ shire. 

Sch’uoptens anoniala *'! 

.Lycopoditos pimfnrmis 

polyphyllns, * , 

Gravcnhorstii 

Sillinmnni 

- HflPininghausu . 

unbnciitiis 

phlegnmrioideN ........ Newcustle 

tenuilohu* 

flliciformi* 9 

aftimHf 1 \ . . 

Selaginiten ]*aten» Edinburgh. 

erectwx 

l^pidodendum seUginoidouin . . . Newcastle ...... 

ButfkUndi ...... le. . • ; . CuWhrook Bale. 


Mannebach and YVettin. 

Maimebacli, (-ieislautcrn. 

Mannebach, Auhm, * 

Liege, Valenciennes. 

Liege, 

Suarbruck, Silesia, Namur. 

St. Ktienne, Wilkcsbam:, Ge/ndimtern 
Oeislauterii. 

Ditto 

Abus. 

| Abasrhei butte, (Treves. ) Saarbruck, Wilkesbam^ 
i Liege. 

Montague des Pousses’, (Oisaiis,- Wdkesbarre. 
Walden burg, Robbie, Liege, Wales, 

Valenciennes. 

Lardm, 

Suarbruck. 

St, Ktienne, 

Alaii, St. Ktienne. 

St. Ktienne, Saarbruck, Rhode Island 
New South AY ides. 

Suftrhrurk, 

M outre bus. 

Saarbruck. 

V alenmumes, 

Saaibiuck. 

F resiles and Vieux Coude, near Vab ucieimea, Silesia. 
Saarbruck, Konchamji i, Haute ,Saone i 
Gcuduuteru, St. Ktienne. 

Mines de Rniicli.imp. 

Valenciennes, Poutweib », 

Swimi, ('Bohemia,' S.i.irhrtick 
(ieislautern. Valencieu ,es. 

Frvwies and Vieux J imd£, Saiirbruck. 

F resiles and Vieux Cotide . 

Geinlauteru. 

Saarbruck. Valenciennes. 


Valenciennes. 

Le Lard <n and Tcrrasson, (DordogntV) St. Etienne. 
Terrassou 

St Ktienne, Le Lard in. 

Terrassoii. 

Miinneb.ich, VVettin. 

Saarbruck. „ 

Su\e Gotha, St. Ktienne. 


Silesia. 

Hadley on tho Connecticut. 
Kislebein 

St. Genrgu (’hatollaison. 
Sileam. 

St. George ChatellaUun. 
W'ettm. 

Mont Jean, near Angers. 
Bohemia,' Sdeeia. 

Swin®| Bohemia. 



GEOLOGY. 


JftunB, 

Lycopodiaca® , 


C>actt k ac«S' J . 


mi 


Name. * HrHi»h I^ocaiitio*. 

. .Lepidodandron ophiurus. . Newcastle 

rugosum 

Underwoodii Auglesea. 

taxifohum 

inaigne 

Sternbcrgii ", Nuwcawtle 

longtfoUum 

mamillare 

• ornatiBsimum Edinburgh, Yorkshire 

tetragonum Newcastle. 



transverBum Glasgow. 

Volkmatmianum 

Rhodian urn Yorkshire 

cordatum Durham 

m 

obovatum 

dubium Newcawtle. 

laeve 

4 pulchellum 

cad a turn Yorkshire, 

variant) 

carmatum 

ere nut um .• 

nculeatimi * . . . 

CiHtii 

distnns . . .* 

lariciniun 

riitunuim 

undulation 

continent* 

Ilarcourtii, With. \ j Northumberland (C. V r . ^ 

imbricatum j I Harcuiirt.; .......... j 

arerosum, Lind Newcastle. 

dilntatuiro, Lind Ditto. 

grurile Ditto. 

Lepulophylluin majus 

Uneeolatum 

Bohluyi 

ti 

line are 

intermedium* Lind Near Shrewsbury. 

LcpidostmbiiN oniutus Shropshire. 

undulutus Kurland. 

ernurgindtus Yorkshire. 

* major Newcastle. 

mriahiiis, Lind Ditto. 

Clortendron majus, Lind Barnsley, near Newcastle 

minus, J.md Halifax, Cmighith, Shields . 

Card iocai non majus . . . . 

Vomien ... 

cordifoime 

oval inn 

nciihnn Newcastle 

Stigmanu letieulata England. 

• WVlthemii.ipa Magdeburg. 

re^u’aris Germany. 

intermedia » • 

. ( Leeds Durham, North uni- 

#,|,, ° ,lles \ Iterland. Derbyshire, &c. 

• tuhemdusa ......... 

rigidu • 

t minima Angleseu 

.Siglllana punctata *> ■ . 

appendu’iilata Yorkshire 

peltigera 

Cwtii . . 

lsevis * 

ciuialiculata 

rugosa 

C-ortei 

, elongata 

renitbrmiH N«J 

• hippucrijns . . . t 

Davreuxn .*••< 

Gandollii 

©culata. ....... r ...... . 1 Jtto 

orbicularis .1 , 

* tebselluta ............. B|th, Yorkshire^ Newcastle, 


Fowrtfii Localities. 

Charleroi. 

Ditto, Valenciennes. 

Ihnenau. 

St. highest in Bavaria. 

Swina in Bohemia. 

Ditto. 

Wilkesbarre.’ & 

Silesia. 


.Gwiaiy. 

•;mj. 


Waldenburg. (Silesia.) 


Silesia. 

Ditto, Valenciennes. 


(Radnitz, (Bohemia,) Silesia, Freamis, iyrTl Vieux 




e», /yrtl Vi 

(. 


<Jund6. 

Comte de la Marche. 
Alais, Liege. 


Wilkesbarre, Raarhruck. 

St, George Chatellaison, Montrelaiw. 

Boliemiu, Kschweiler, Essen, Zanesville. (Ohio.) 
Essen, Wilkesborre, Bohemia, Silesia. 

Wilkes liar re. 

8t, Etienne. 

Bohemia, Silesia. 

Bohemia. 

•Ditto. 

Silesia, Eschweiler 
Kschweiler, Wet tin. 


Geislautern. 

Monlreluis. 

Valenciennes. 

Muntreluis. 

Alais. 






ivcastle. 


Sf. Ktienne, Laugeac. (H. Loire.) 
i .an gene. 

Ditto. 

Ditto ' 

Ditto. 


St George Chatellaison^ Mfmtrelais, Wilkesbarre. 

I St. George Chatellaison, Montrelais* St. Ktienne. 
/ Liege, Charleroi, Valenciennes, Muhlheim ne.r 
I Diisseldorf, Silesia, Bavaria. 

Montrelais, Wilkesoarre, 

Anzm. 

( ^mrleroi. * 

Bohemia. 

Ditto. 

Alais. 

W ilkdsfcarre. 

Liege. , 

Saarhruck. 

Wilkes barns. ' V "N 

Essen. 

Charleroi, Liege. 

Mans, Essen. 

Mons. 

Liege. 

Alak 

Bohemia. 

St Etienne, taav&foe*.* 

Alais, Kschweiler, Wilke Btmrre, 

4 K 


V*‘#L. VI. 



geology 


Cb- U. 


Family. 

Cacteacew . . 


British Localities. t 


Foreign Lopalitfes. 


sigiiurift Bobiayi ; ;;;;; ; ; ; ; ; ; ; ; ; ; ;; ; ; ;; ; ; s^Xuck. 

ellmhcft *.*’ St. Etienne. 

transveraaliV new Abe la ChapeUa. 


'fori £«» 


Kiiimanni ' W ilkesbarre. 

Ssa::::::::::::: 

cuapulata . . Ktieune. 

seutellatu. * 

‘ Y . w w™*, 

* Charleim, Valencieii&ee. 

triaona i ;“ ln , l,z ,u Bohemul - 

mamiUturis t^.uilcrwi. 

ulvAoluriM * hnarbrUCK. 

hexairoua Borckuni, near Eeften, Lschweilar* 

elc*™...’. ".!!!!" Burckuui. 

ornata. 

Meimvdi. 

Brard, Vrra» S on. 

l»vi B Hta Muntralaw. 

oblimia \V ilkasbarre. 

diibia, D “'°- 

Defrancii • 

Serin Vaulton. 

origanum, Sternb.. Newcastle. 

j Crumhugton, Northumber- , 

monustachya ^ land. 

. Sphenophyllum Schlnltheimu ...•••• Waldenlmr^. Silesia. 

imiirun latum Bath Wdkr.bar.e. 

lamc.uum Somerset. 

«lent itum Newcastle Auxin, Geislautcin. 


TVrrasson. 

Muntreluis. 

Wilkesbarre. 

Ditto. 




dentatuin Newcastle Auxin, Geislautcin 

fimbriatum. 

tmadniiduin * ferrasson. 

(lihHectum Mwntrdan. St. Umpu Glutellaiinn. 

eiosunl, land Ditto. 

Knites Hr.mdhnpi, Liml Ditto. 

YV ithaim, Lind Edinburgh. 

medullans, Lind 

arttbipiius, With High Heworth. 

t I Lenuel Ji.aes, nuu Lol.i- 

• Pitus untiqua, With , stream. 

Anabathra imlchcmma, W'ith. . . iweed Mill 
Peuce Withaim, Liml Durham. 

Pal,,,* f . . . i'labellaria ? boraHsilolia a m Bobenu. 


Noigerrathia foliosa * • 

.ttubellatu Newcastle. 


Bohemia. , 

Rami Gunje, near Uajeftmhl, Lidia. 


Neal Shrewsbury 


Langcac, St, Etienne v 

Zanesville. (Ohio > 
Tcrrasson. 

Ditto. 


Langeac, Coal Mines on the HhtxKf 
Ditto. 

Ditto. 

Ditto. 

Ditto. 


ZstiffophyllitesnUtnoidex •, ueHr 

Gunnai Cannojihvllites Yirlctu Yuiksliiro. 

. 

distant, KUinburj.1,. ‘ 

PoacitoK lanceolatu /au^villa. (Oh,., , 

truuuUs lirraMun. 

striata Ditto. 

fllu nu cea Cvperites bicarinata, Lind Shrewsbury * 

Trigouocarmm Parkinwmi England, Scotland. , „ hlIWf 

. Nmiuerratbi Ooal 0,1 lhe Rhu * 

ovatum P'«“- 

cylimlricum Ditto. 

dubium {*■*''>• 

Musocariuiin prismaticum * * * J. * 

ilitfbrme 1Wt "’ 

oJWa . MfiJSZS *; : : :::: :: :: ““3 »*-*>* «- •* 

Aiiuularia^miuuta 

fertill ^ ! Bath St. Ktirnnu, Wdk«barte. 

ii . ,k, . I, . Sawbruck. \ 

• hmnilblU Canwrtoa (W»taute>n, Sileaia, Alaw, Wilkaabarte. 

___ B Charleroi, lenusson. 

~ .pinuWaa I • s , a5tu "y- , 

radiata Saarbruck. 

hippuroidus '. AlaU. * . 

loiuntoUa * Newcastle Jt,* Eac^wailer. 

, ieuuiihlia Ditto .-«• ® ilesia * # 

S culata . Ditto. ^ X . Gwmany. 

atula. . . . , . M .... J . Charlewi, A»*rn. 



GEOLOG Y. 


CJb.IL 


Family. Name. • llritiah LocalitlM, 

(Claw doubtful.) . Asterophyllitei! Brardi 1 

duhiu Newcastle, 

diffuna * 

grandis, Lind Ditto. 

foliosa, Lind Ditto. 


galimiUift, Lind Barnsley. 

Volkmannia polyatacha 

distachya 

erosa 

Polypodies Bowmanni, Lind. ... Near Wrexham. 


Foreign LocaUtuw*. 

Terrasson. 

Radnita, Bohemia. 


Waldenburfc.* ( Silesia.) 
Swina. ( Hohfeima.) 
Terrasson. 
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Nearly all the names of fossil plants are token from 
Rrongniart ; the few from Lindley and Hutton, from 
Sternberg; and Witham, are marked by suitable abbie- 
viations. * * 

Analogy to The following observations by M. Adolphe Brongui- 
exmtmg art contain nearly all that can be at present advanced 
plants. concerning the physical conditions winch governed the 
growth of these plants. We shall first remark that since 
the date of M. Brbngninrl\s Essay, true coni fern* have 
been discovered in the English coal districts, and that 
his reference of sigillaria to the tribe of arbort*seeut 
ferns appears open to very serious objections, and is per- 
haps not generally allowed. Re^des thefeweoiiifeite and 
monocotyledones, “ the Horn of this epoch is composed 
almost wholly of vascular eryptogamous plants, so that 
out of 2 GO species 220 belong to this class. But, 
though evidently iu aging themselves in the families of 
equiselacca*, Alices, and Ivcopodiaceie, these plants ddfer 
from tlie species, and often from the genera now in exist- 
ence, in several points of their organization, and espe- 
cially by their gigantic size. At this penod there existed 
etpiiscta more than ten feet in height, and five 01 »ix 
inches in diameter, tree ferns forty or fifty left, and 
arborescent 1 vcopodiacea* sixty or seventy feet high. 'I’h*. 
essential characters of tins ‘ primarv* vM« t ' tU ica me the 
numerical pn dominance am great magnitude of th- se 
cr v ptoiiamie plants. 

“It has been long observed, that the plants of thin 
age resembled generally those of the hot., rather than of 
the temperate regions ol the Globe ; but since the fossil 
plants have become much beltei known, and their analogy 
with existing tribes lounded upon a moic 'thorough ex- 
amination, their relation to the plants of Equatorial le- 
gions may be established oil a more solid basts All 
* cryptogamic plants acquire greater size, in proportion as 
the climate is hotter; or rather, in cold climates none but 
very small specie. 4 ? of this class ;ne found, while in tro- 
pical regions v*e have, in addition, litany of large size. 
The ferns of cold and temperate climates are upon the 
soil, or their ^tom rises only a few inches in height ; those 
of tropical regions grow to ten or twenty feet : the 
dhmllest equiseta* known are those of Lapland and 
Canada; the largest grow in the West Indies, and Equi- 
noxial America ; the lycopodia of our dimates ate never 
above* five or six inches high, those of tropical regions 
are three or four times us high. 

“The nun$nical predominance of the cryptogamic 
tribe* in the carboniferous epoch is such that, while in the 
Existing order of Nature they are to the whole number 


ot plants known ns 1 to 30, they were* in that ancient 
epoch in the proportion of 27 to 30.” 

If we seek to determine by comparison witirj^rfe^r/r 
oi' local existing floras, the probable circumstance*' Amder 
which cryptogamic plants grew to such preponderance 
in the carboniferous epoch, we shall he guidcdmy the ob- 
servations ol’ Brown and D’Urville to sonnl important 
results. According to these eminent Botanists, the fa- 
mily of ferns is subject to the influence of two causes, 
which determine their mode of distribution over the 
Ci lobe; heat of climate, and the influence of the humid 
air and uniform temperature of the sea. Hence, when 
the circumstances depending on proximity to the sea are 
equal, these plants are more abundant in the Equatorial 
than in colder regions, hut in the same zone of climate 
they ure much more abundant in isles lliati on conti- 
nents. In the temperate parts ol the ( ontment ot 
Europe, under favourable circumstances, they are to the 
phanerogamic tribes as 1 to 40 ; within the tropics 
Brown stales the ratio us 1 to 20, and in unfavourably 
situations as 1 to 26. Under the same latitude, this 
proportion becomes much gicutgr in Islands; in the West 
Indies the fe«— • * re as l to lQ^tfistead of 1 to 20. a-* in 
hie sanations on the Continent of cquinoxial^fuc- 
rica ; in the South Sea Islands l to 4, or l to 3 ; while 
on the Continent of India and in the tropical part of 
New Holland the ratio is l to 2G. At S4. Helena and 
Tristan d’Acuyna the cryptogunna are to the phanero- 
gamic as 2 to 3, and in Asecttsioy neatly as L to 1. 

From these examples it is plain, that t fie smaller the 
isles, and the moie remote they aie from gi eat continents, 
the larger is the proportion of ferns growing there ; and 
we may conceive that if such islands were alone in the 
midst of 11 vast ocean, or formed only scattered points 
or little clusters without, any great continent, their pro- 
portion of ferns would be still greater, and the crypto- 
gamin become the predominant group. Geologists have, 
fiom indepen lent consideration.** inferred that at the 
time ot the formation of coal, the extent, of land 111 
the position ol our present continents was very small 
compared to the wide surface of the sea; and thus Geo- 
logy and Botany appear to agree in determining that at 
IhiKjforiod, and 111 the situations where aflerwarjs coal 
jvuAforined, land existed only in small islands, amidst o\- 
tensr^ seas. On these islands, under perhaps a more 
than tropical cjjmate, in an atmosphere chaiged with 
moisture, we maylndievo that those gigantic cry ptognmm 
grew which have produced so large a H j>ropuit ion ot the 
extended coal beds of the older carhozinkNuis epoch. 


Family. 
Cellutiletd . . 


Nnuw. 

Flustra crinoidoa, MiUor 

Rctopura tiutttrffilormift, MurJ. . r . 

elongate. F 

Cellepora Uni, F ? 

Aulopora tumprefma, O, 

Canmipora 


JPoi.YPAUf A. 


Hntifth Localities. 


Aa 

jfliddlotnn, Derbyshire, Arran, 
tfuthtirgleu, Lanark, 
Jutherglen. 


mister. 


Fovflpn IjoohIiIIo*. 


Ratingeu. 

4 k 2 
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GeuUigy. 
tih. ft. 


Lamelhfera . 


Family, Same. British Localities. • , Foreign Localities. 

Ceilultfont Tubipora rauiubsa ............ Mendip, Westmoreland, Ireland. Olne, Limburg. 

Syringopora reticulata Olne. 

radiata, Mart. Winster. 

strum*, L Westmoreland. 

tubularia L. Liege. 

Favosites suptosua, F, j Scotland. 

depressus, F. * Ditto. 

ramoaus Arran. 

*Calamopova polymorpha, G. Namur, Eiberfeld. , 

Millepora, undescribed, Sp Near Kirby Lonsdale, in thin beds. 

undeserved, Sp { ** ^ 

.Gyathophyllum excentricum, G Ratingen. 

pentagonum, 6 Namur. 

Lithostrotron striatum, Park .... Walca. 

floriforme, Mart Bristol ** * 

marginatum, F Scotland. 

Caryophyllia fasciculate Bristol \ 

duplicate, Mart Bukewell I , ,, , 

Bfflms, Mart Winter f At Nam,,r ,w0 S I* C,<, ‘ Uryophylba. 

juncea, F Rutlwrglen ] 

Turbinolm fungites, F. ........ Yorkshire, Rutherglen, Ireland . . Liege, Namur. 

Astraea undulata, Park Bristol. 

Forites celhilosa. Park Mendip. • 

♦Amplexus coralloides, Sow Angloscn, Limerick. 

These thirty or more species of polyparm appear of Belgium and VVestp)ialia. No polyparia have ye*, 
almost wholly distinct from those of the slate system, been seen in the proper coal measures ; they all belong 
yet they belong mostly to the same genera. They have to the subjacent limestone group, 
yet been little noticed in the carboniferous limestone 



Rauiaiua. 


Foreign Loculi tin* 


Family. Name. British Localities. 

Crmi'id a P“|itrcmiteB ellipticus, Sow. .... Preston. 

t JhrhieniUH, Sow. Derbyshire, Ireland. 

globoHus Batli. 

undesenbed species (’raven in Yorkshire. 

ovalis, G Ratingen, Dusseldoril 

Poteriocriteos crahsim Yorkshire, &c. Bristol, Arran. 

, tenuis Mendip, Bristol. 

Platycrinui lsovis Bnstol. &c. 

rugosns Mernlip, Caldy Island, Whitwell. 

tnbcrculatus. Mendip, Whitwell, Yorkshire. 

granulatus Ditto, ditto, ditto. 

striatus Bristol. 

♦jientungulariH Ditto, Mendip. 

cTepressus, G. Dittc. 

< } athocriuii* planus Northumberland. 

(piimpiatigularis Bristol. 

♦rugosus Whitwell, Yorkshire. , 

Actinocnnus *30 dactylus Ditto, ditto, Ireland. 

polydactylus Whitwell, Mendip. 

Iivvih Ditto. 

Githertsnni Wlutwell, Yorkshire. 

graudlutux, G. Ditto. 

Rhodocrinus *veruM Whitwell, Bristol, Dean Forest. 

IguiuquangulariN Whitwell. 

Kugeniocrftius, undescribed County Fermanagh, Ireland. 

Echinidu Cnlaris with large 


mammellflD and mu 
ricated spines. 


'I 


PhiL MS. 


f Yorkshire, Northumberland. 
I Westmoreland. 


The names are princip ’lv lioi ^ filler's Work nn 
the cripoidea. ; where oth**» authors \4 quoted, theiT 
names are appended to the ’ticnl.v*- .ch described by 
them. 


No ^udiaria have yet been seen in the propoiStfoul 
measures, they all belong to the subjacent limestMie, 

group, which in some extensive tracts is almost trolly 
composed of their disjointed columns and other parts, 

f CoNCHIFERA. 

Family. .**-’*■ Name. British loculi tbs. For* ■, M un,'i 

PlogymyonH . . .Pholadomya P undeacrilied, Sp. . . . Castleton. 

Corbula liraosa, F Scotland- 

Sanguinolaria giblxma Queen’s County, I, .eland 4 

Tellina Jineata, H f Ratingen. 

Cardinm Worm ‘ . { ArnU1 ’ *> uee "'* 

Hiliemicum Cork, Mendip. 

elongatppn Bakewell, Whitwell, Ac. 

Hiatella sulcata, F Frith coal held, North Brfiain. 

Locardia oblonga .... a ....... . ... Dublin. 



GEOLOGY. 


Uvology- 

ch.n. 


* British LocalifcwR. 


Family . Name. 

Plagymyona . , .Oypricardiu anuuUta , 

Nucula palms Derbyshire. 

attennutu, F. Shale . , Rntherglen. 

gihboaa, F Ditto. , . Ditto. 

Northumberland. 

Anudon? eiassus Wigan. Leeds? 

linio Urii, F Coal . . . Ruiherglen. 4 

Hubeniistrietus Yorkshire, Newcastle, &c. 

acjitus Ditto, ditto 

other species Yorkshire, Derbyshire. 

Cham a ? antiqua, 11 

Barry Isle 

■i*i .1 < . ( astleton. 


Foreign Localltta*. 

Vurf, near Liege. 


Modiola lirvi 

un described 
Goldlussu, Ii, 
Megalodon *r»n*iil 1 ,»t | 
Menomyoua , . . . ittytilu? r **risut», IT 
,m v-ns R . 
P.tIU.* . el 1 ' 1 S, 


i OS Us 

(imnii. 


Mode. 


Y orkshire 

Colt bills, Fife, Wigan 


Ashford 

Cast le tun 

Ditto, Yorkshire, Ireland 


Liege. 

Ditto, Werden, ftoehum. 
Ratmgen. 

, Ditto, Vik4. 

Werden, 

Neai Cologne. 

Rutingen. 

Ditto. 


Ditto. 


b 1 ■> • .1 < d *» j>f Cii’S 
oulfseriot d s)k oi*s 
lo^ui di', 11, 

ii B 


. (Queen's Count) 

. Ditto. 

Scotland. 

Leeds. Sheffield, Halifax 
Nniilu.inhe land 
lutt i. 

. lit. id Mu' ffi. M , 

| I Um. 1 1 Crav i, Yorkshire 
\ I if laud t 

. . Diieli'inl, Yoikshire. 


Liege. U t*rdei 
. . \ i e, iie.ir Liege 


Braehiopoda 


Coalluook Dale i 

Noitlminberland 

Hum on, Scalobar, Chthero, .Set. 

\\ instfr. 

(' oiiiii, Ireland, 6u vditheio. 
Cl it hero. 

Black Rock, Cork, jJubun 

Ireland 

Ditto. 

Dublin 

Bristol, K. L. &c 


' o hs»;id.cd . 

' *"•' . MM’il H 

t , otfs Bl tinvillii, II. 

. * V»n u’a reth \a ? I const 

node, scribed *pei u s 

Tei*’bi..*nin acuminata 

A cininena 

A j'Ugni’s 

* •* pl.it yloha a 

* hm* rails 



*coiditormiH 

♦renilmims 

hast at a .. 

, *suicuhiK Middleton, Matlock, K L. 

dubiM, D Ireland 

J trtiassii, D , Dublin. 

? indentata 

obhqna 

mouTicuIata, KcM 

*liev Hilda, SlIiI . . 

Sjiiuier.i resupunitu l/i’eieb Sow.) ... Dmednlc, Clitheru, Kntheigl 
M at mi Cast lei on, Bristol. 

* < uspidubi Ditto 

tr.^fii. ills C;i\ t dale and Overton 

.Triangulum . .. Bostiiii, Derby shoe 

•i.ndi i J \ . . Arrau. ( F.ast Thukiey 

* i • • j>i ivM i a Ditto 

. . . ( . i a . Cbehnerton Hod Inland . . . 

,r 7 mii iti> Bakfwell, Airan 

*.il n*^o, i Ditto 

pil 110.1 Ditto. 

rt »* li» ■ ■ , , Scalehai, Yoikslme. . 

Casthion. f* 

j* Yitte, Llltle . . •> . -k* 

obi. e Flintshire, Deilushin 


. . V ne 

. RalJiiL' ti 


Ditto. 

Ditto. 

Ditto 


Ditto, \ 1 st . 
Ratmgen 
\ 1st!*. 

Ditto 

Katingen. 

I )if i »». 

\ ise, Rulin.'f n, 


Ditto. , * 

R. (tinmen. 

Namur. Rutiugi n. Liege, 
li.ti i litre n 


•ping as 


Black RoCk, 1 1 elaild. 


Hrodi 


•attenuata , Ditto. 

Oisulcata Ditto 

•durians Ditto 

•rote bi» a Torquay, Luuenek 

Urs. J . . , , Rutin rglen. s 

e> ■ <ta. F. Went Lothmn 

bi.dh ata, G . ,A . 

i 1 * ii yti' odes WiiUiugham. 

— - Wither^len. 

ic • ^lon^ispma . . . kulbride, Lanarkshire. 

sjmiu'" . « • - ar Mnlithgow 

l'.eimug ;i kivingstone, ditto, 

«ptao«a llitto, Arran 

Sco’ica Linlithgow, Arrau, Ivle of Man . . 


Ditto, Liege. 

Ditto, ditto 
\ i>6, Liege. 

Vise. 

Ditto. 


Ratingen. 


Dit o, VjbC 

Ratmgen. 
Liegv, Vft*4 
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Para fly. Name. British Localities. 

Ch. It. Brachiojioda,., .Producta Hcult'uii* Bukewell. 

> m giguntea Ditto, Yorkshire. 


Ptfratffn furwlMw! 

VisG 

Ratingen, Vis 4 . 


*gcabriculu I M.lUUle Herby, Arran, North 1 

) uinberlunu ) 

•Martini I” vV.rkXre *""*} 

crnssa Bnxtnrt, I K*rby. 

striata Croom, Ditto. 

ftcimrcticularit). Derbyshne. * 

antupirtta Ditto, Dublin, Ditto, ditto. 

♦sulcata Ditto Vist, Liege. 

* pernoimta Ditto, Kendal R.ilmgen. 

punctata Buxton. Yoikshire, Ireland \ isc. Ratingen 

fimhinita Deihyslute. Yorkshm* Kutmgen, Vm\ 

plicat ills Ditto Ratingen, JLuegc. 

♦horridu An an. 

hemisphtpriea Myincld C.img, \uikshire Rnttngen, Vise. Lieg* . 

rornoides Llangaienin Angleseu Ratingen 

latissima Putfiu Island, Auan Ditto, V.s£\ Liege 

concimm Richmond, Derby Omc .... Ditto, ditto 

, . , | Clifton, ( lumberluiul. Noitluim- 1 _ .... ... 

U ’ W, “ | Ij.’i'l.m.l, Arr.ui } ditto, dittu 

cost at a Gloucestershire, Glasgow. 

liimterosa Hredoii, Dei by shirt.’ lint logon. 

(Vania pnsca, II Ditto. 


TIil 1 mimes in the preceding eulnlogue of con chi fern 
arc almost, wholly taken from Sowerby’s Mineral Conch- 
otomy ; where other authors are quoted, their names 
are appended to the particular species described by them. 
The conchilera of the carboniferous system admitted 
in the preceding? lists amount to 1 12. 

Plagymyoua *25, mesomvona 17, braehiopoda 70 
1 Of these J i plagymyouous 7 mesomyonons, and ;3 1 
brachiopndous, are said to be also found in the slate sys- 
tem, On this subject the remarks winch follow liie 
enumeration of the conchilera of the slate system may 
be' deferred to. Mesomvouous bivalves have now be- 
come more numerous, and the enormous preponderance 
of braehiopoda over the other orders of bivalves is re- 
duced from 6 to I to about 2 to L 

Of these 112 species, 5 aie generally allowed to be 
fluviatile or lacustrine ; and their nuinbei, it augmented 
by the yet undesenbed species in Kngland, may very 


probably amount to I A. Neiul y all the marine tribes 
occur in the limestone group belmv the coal measures; 
all tlu* fresh-water species lie in the coal measures ; but 
there is one thin layer of marine shells extensively 
spread in Yorkshire, in the midst of the coal measures, 
above certain fresh- water layers and below several others. 
No fresb-wuter shell lies m this bed. Hence the 
series of operations by which that coal field has been 
formed evidently includes one period of marine, and 
two of fluviatile or lacustrine action, subsequent to the 
general and hog-continued action of the sea, which de- 
posited the m aintain or caibonilerous limestone There 
is no distort a lice of stint si nor any thing* to indicate 
local move nu ni during the deposition of tin* coal, and it 
is presumed dint the alternation of marine and fresh- 
water depos ts, here certainly proved,' was occasioned by 
causes acting’ at a distance. An additional memoir has 
been promised on this subject, (See p. 5JR1.) 


€ 


Kami I \ 

Gasteropoda ^ 
Holost uniat <t i * ’ ’ ’ 


‘Name, 


Moi i.i?sca 

UritiJi !.<»« ,i lilies 


For« j^n I K*.t li i vs 


Pileopsis* vetustii Near Chthero. 

tubifer Ditto. t 

some other species Ditto. 

Patella*. several spec vs Ditto. 

prinrugenii, Sc hi Ratiiigen. 

Phinorius, Phil In coal measures, Yoikshire. 

Planorbis ctpi.iliK Kendal. 

Anqmtlarra nolulis Queen’* ( hunt Ireland 

helicoides Ditiu. 

undeaenhed ChtluLu, Westinmehind 

Melania ♦constrict a Buxt/n, Tideswcli. ' 

Nenta striata. Go/?y, *\rran. 

♦spirata, Bristol, Derbyshire, 

other species . ('lit hero, Northumberland. 

Nutica ekmgala. II«vn. I 

GmlLndutti , , , Ditto, 


giobnsa 

piitula 

nii<h j S(*nlH*d spec ies ( Inhere. Northumberland. 

PI cMirotomarta 1 , , , , , I 

■ Helix, Suvf j) L '“ n " u '“ 1'eiby.lure, Yorkshire. | 

tttrnila Derbyshire 

several uncle scribed species Near flit hero. 

Curtis* acuta* Ditto, Derbyshire . . 

fohmdatufi Ditto, 

several undexcribed species Ditto. 

EuomphaluH nodum* . . Derbyshire ? Ratingca 


Katin gen, 

Vi si. 

Ditto. 

Nhiruii, 
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ftolugy. 

('b. II. 


Faintly* 

Gasteropoda 1 
Holostomai a J 


Gasteropoda ( 
Soleuuatonriatii j 


} British Localities, 


Derbyshire, Yorksire 


Ditto, tilth) . . 
West Lothian. 


Near Clithero 
Ditto. 


Name. 

. Kuoinphalus angulostiB. 

•eatillus 

delphinularis, II am 
pentungulatus 

tuburculatu*, F 
coron.it us 
rotundatus 
other undescnhed species . 

Turbo *tiura 

hchcimefornns 
undascnhcd sjuric.s 

Tioehus c-in^nhitUN. G. . . 
scularis, G 

ulllllUMMIS 

eaten ulal us, G. ... 
twnmtus . . 

Turntella angulata 

Urii, F. . . 
clongata, F. 
xpmuta, G 

August at ll. G 

coooulea, (it 

tciUllS, G * 

aruunmitu, W 

Phasiunejlii auriculans 
striata 

ltumnmn aenturn 


Northumberland. 

1 Several undeveribed species at 
Clithero. 


Ruhevgleii. 

Ditto. 

| Several undescribed species 


Queen's County, Ireland 


midescnlied species Near Clithero. • 

Rostellanu ? Ditto. 


Foreign linealities. 


Ratingen. 

Ditto. 

Ditto, mur. 

Vise, Ka^jhgen. 
Ditto ditih. 
VisC 

Ratincen. 

Ditto 

Ditto. 

Vise. 

Ditto. 

Rat ingun 
Ditto. 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


‘an? 


% 


Tins catalogue of gasteropndous moll u sea is very in- limestone of Yorkshire alone. Several others were eol- 
cnmplete. At least an many more species, most of leeted by the late Mr. Miller near Bristol, ar.d by the 
which me m the possession uf Mr YV. Gilbertson of Rev. C. V. Harcourt in Northumberland. 

Clithero, remain to be added to it from the mountain 


Molucca. 


F.uml\ 

( 'ephulopodu 
Monothdlaima 


British Utcalitfen. Fouigii I-ocalitit*. 

Deilij shire, Yorkshire Vise, Rat in gen. 

Derbyshire, Dublin Ditto, ditto. 

Settle, Kendal. 

Settle, Ireland. 


Hellerophon •hiulcux 

•costatus 

•tenuituhciu Settle, Kendal. Ireland Ratmgen, VisC 

•aperttis 

* •coinu arietis. . . Kendal. 

Urn. F Rulheigleii. 

decusvitus, F Linlithgow. 

stu.itus, F Ditto. 

depiessus, Mmitf. Ratwtgeiu 

vasidiVs, Montf Namur. 

midescnbed \mkshne, Westmoreland. 

i m In km t us, G , . Ratitigen Vi*A 

sulcutus, (i Katirigen. 

S h thr;I a l .^ ***»•«»» 

cordifurme. . D-ito VisA 

« undulatuiii ('lithero, Settle. 

llreyim Ashtord, (’lithero. 

*i fusitorine ( htheio, Queen's County. 

cinctuin (lilheio 

Gesneri, Mart Vshlbul. 

9 J la’vo, F Linlithgow. , 

j pyramulale, F Ditto. e 

cylmdrac.emn, l Ltviiigsfeme. * 

, annulare, F Linlithgow. ,, 

rugosum, F Ditto 

angulare, F Ditto. 1 

I attenuation, F Livingstone. 

sulcahim, F. . Ditto, 

• umUtimi, F . , , . . Ditto. A 

Steinhnueri Halifax* Yorkshire. 

Conularia sulcata RristuI J<utherglcn,(\)albrookDalc 

^ tore* Scotland. 

Nautilus complanatus . . Isle ohdVlan. • 

• Henslowi V. ..«!»• Dittivy 

•globatius *. Yorhijhiro. , . Ratings, 

multicariuatus DitM< 

hilobatus CIom ,>um, Yorkshire. 

peutagtmu* Clot* mm, Kendal. 

tubercuUtus Oust aunt. 

diflcus ... i . Kendal. 



608 


G E OLOG Y. 


(tooiOBV* 

oh a 


Family. N*m«. 

poTXz':} • ■ • • Na,,tJ,,, w< *° ,iv ' ardii 


^ij oi 


BritLli Foiiign tjoealttiM, 

Winder, Yorkshire. 

BulcutUH Castletun. 

ingens Ash lord 

toaugulatuH .1 Bristol, Yorkshire. 

•curmiferuH •/ Yorkshire. 

exeiiv:ittiN, if Limerick. 

ui t< Bathgate. 

iioudrauih, F . * West Lothian. 

L .irlii Ashford, Ireland. 

Umlescrihed Sheffield. 

.mmonites strmtus Buxton, Cawtleton, Craven. 

Kphnericus Milldale, Craven Liege. Werdan. 

Listen Middleton. Ac. Sheffield Liege. 

undescrihed Kcton. 

several new species Yorkshire and Lancashire. * 

carhomtriUH, G Ditto, IWrden, Wettin, 

Henslowi Isle of Mail, Yorkshire. 


'I'lie ijnllusctt of the carboniferous epoch are hot 
iinpci lectly known, notwit hstunding the labours of £ow- 
erbv, Fleming, ami oilier*', and we can hardly venture 
to expect that the numerical relations of even the lead- 
ing divisions will remain unchanged, when the numerous 
additional species shall have been described. Tin* pre- 
sent ratios are, gasteropoda about 55, cephalopoda 57, 
of which 16 are mouolhalumic, which arc not very 


different from the proportions in the slate system. Above 
this epoch, mount halainic cephalopoda disappear wholly 
until new' tribes of them are ^cognised above the chalk, 
it i* pioper to mention that the situation which we 
assign to bcllcrophon among the cephalopoda is not 
admitted b\ all Naturalists. The names of the m oil u sea 
are from Sowerhy, except where other authors are 
quoted. 


FamU>. 
Crust ami . 


1 Aii'udus’i . 
b i-du-s . . . 


N.uw. 


British L)pulitii's 


Foici^u Lofuhlk*'. 


\oiriplms Dalirmnni. G 

Calvinem- l)prlm*iisis, Marl Ashford. 

luti.it us, 1). 1 roust. Mansfield, Nolls. 


Cancer a flaw 

. . . Northumberland. 

Serpula comprpsaa 

. . . Lothian. 

Irhthyodoruhtes 

. . (Mr. Ludlow,) Bristol. Ac. 

Palate* 

( Bristol YVostmoreiato, Northum 
' \ herland. 

Si- ales 

. . . Caithness. 

Dipterux hriu-hypygopterux. . . 

... Ditto. 

m.icrnpvgoptmis . . . . 

Ditto. 

V .ilennensu 

, . . . Ditto. 

mat rolepulutiih 

. . . . Ditto. 

Ohtcolepis macrolepidotus . . 

. . . . Ditto 

imcrolepulotim 

. . . . Ditto. 

Saurian veitelra 

j u in gravel of limestone.” North- 
1 umber land. (C. V. liar court.) 


Ratingm 


(ir\i:i<Ai. Sum ai ary. 


569 species of organic remains, of which 62 are stated 
to br found in the slate system below, and 8 iti the 
magnesian limestone above. 


Plants .... 

Poll puna . 
Rad i arm . . 

Conch iff 1. 1 

Molhnw ■ . 
Annulosa, . 
Crustacea . 
Fishes .... 
Saurian . . 


274 specie*? 


,10 

2h 

112 


{ 



Ti nestn.il, of which (omitting sigilluriu') 
4 a 1. out 190 am cryptog.mums and 40 
phanerogamous. 

(‘tjilulifera 17, lamellifera Li. 

Amongst ihese echimda distinctly appeal. 
Pwigymyoiia 25, mesoniyonu 17, hraclno- 
pndn70. m 

Gio-tt-rnpoda 55, cephalopoda 57, 

/ ‘ 




569 


Sul } ferovs Systi>n * . 


It lias been shown that the consolidated deposit of 
coal was subject to the effects of a very goneral eruption 
of igneous agency from beneath, and that in this man- 
ner the whole arrangement of those deposits was altered, 
and many parts of the # bed of the sea uplifted to form 
dry land." In the large but very irregular area Jeft be- 
tween these islands of carboniferous strata* the sea 


began to deposit limestones commonly charged with 
magnesia, sandstones remarkably coloured with red oxide 
of iron, and clays and marls of red, blue, and while 
colours ; the whole series being, in general, far horn 
rich in organic re.i unis, seldom traversed by metallic 
veins, and not so much dislocated by faults as the older 
strata. Salt in beds or nodules, accompanied by gyp- 
sum, lies very commonly in this series of rocks, and hence 
it may be termed emphatically the saliferous system. 
Generally, its stratification is whdily uri eon formed to 
that of the subjacent coal measures, whose elevated 
edges, breaks, and dykes, its planes rest level and un- 
disturbed. 

In the composition of this group we find traces of all 
the various operations of the sea ; limestones crystallized, 
compact, brecciated, conglomerated, and earthy, full of 
magnesia, or containin'? carbonate of lime with little or 
no ad mixture. Locally rich in organic remains, but 
generally devoid of .them: sandstone^ coloured red, 
blue, oswhite, in stripes and spots, fine grained, coarse 
grain editor full of innumerable pebbles, derived from* 
primarwi, nd Secondary rocks ; qlays and marls of many 
various Slues ; bolh the sandstones and clays locally 
productive of the remains of saurians* shells, and plants, 
but over large tracts wholly destitute of them. These 
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Geology, organic remains are partly analogous to those of the 
Ch. IL carboniferous system, and partly to those which occur 
in the more recent oolites, and the whole formation, 
though so peculiar in character us to be readily, and 
indeed unavoidably, separated from both those systems, 
offers by many resemblances, besides its intermediate 
position, a natural transition from the one to the other. 

This may perhaps appear to those who only have 
seen the saliferous system m England, where its total 
unconformity to the coal, and dissimilitude to the strata 
above and below', are matter of notoriety, a proposition 
deserving further explanation. The facts on which it 
rests will be found in the following pages, and they will 
give reason to presume that when we have assembled 
data sufficient for satisfactory induction, those interrup- 
tions in the sfrics wlfich appear to indicate great and 
sudden revolutions will be proved to be merely local, 
and to arise from the omission in certain situations of 
strata elsewhere deposited in great f .ree. 

It } ' 3 s already been stated that in the Island of Arran 
the primary strata are succeeded by a very thick series 
of retl and white sandstones and conglomerates, and 
that coal measures and carboniferous limestone lie in- 
cluded iu this mass like subordinate or local formations. 
The conglomerates below the limestone represent the 
old i**,l sandstone, cud the upper sandstones above the 
coal represent the new red sandstone formation, and it 
might be possible to include the whole of the carboni- 
ferous and saliferous systems of rocks together under 
the name of red sandstone formation. This is the view 
of the subject taken by Von Hoffman, from observations 
in (he North Western part of i Jennanv, wherein a mass 
three nr (bur thousand feet thick of red and white sand- 
stones. he the diminished strata of coal 

Nevertheless, these cases, though nifoidmg very in- 
structive mfciviucs as to tin* continuity ol the oj erations 
of Nature, are not to be taken as general types o{ the 
series of stiata. and throughout the grcatei pait of the 
Hiitish Islands, as well as in the South-Easi of Eunice 
and in Germaify, the saliferous ied sandstone series, 
with its accompanying limestones and mai Is, is a dis 
tiyct system ol strata, eliaractcnsi d by peculiar fea- 
tures ol mineral composition, and oigame contents, and 
maiked by a general aspect of physical gengmphy . 

KngUnd. In England, supposing all the pails of the saliferous 
ay stern of rocks present iu one section, we should have, 
reposing nnconformably on the coal stiata, the following 
classification, beginning hum above. 


1. Series of colomed I 
inurls 1 


i. \ a negated red and 
white sandstone 
'Pcrcilite of Cony hcurc. ) 


2. Magnesian hmesfbne^ 


Purple coloured mails below the bus. 

\ltern.itums of n d .mil bluish white mails, 
with l.iyeis ami nodules ot gvpsmn. 

Thin l.iyeis ol'aigdlci-nilc.ireons stone. 

Red and bluish mads with gyjismn and 
hods of rock salt. 

lied and wlntu sandstone, mostly fine 
grained, and oitt n u»pu*gmdeti with 
salt. 

Red conglomerate, full of pebbles of older 
rocks. 

Red and white marls. 

Thin bedded compact limestone, with very 
little magnesia and few oigame re- 
mains. 

Red and white mark and gypsum. 

White, yellow, or reddish magnesian lime- 
stone in ilia k beds, crystalli/.ed ) »Jmj>act, 
or earthy, often lull of sparry Cavities, 
Hnd containing marine ^rgHiw'U'rmains. 

Marl ’slate, m thin lasers, oecasiiTially eii- 

1 clbmng fishes. L 


1 . Yellow or purple sand 
and sandstone and< 
marl ........... 


An extremely variable series of sanclstonesi 
sands, and clays, of various colours, ir- 
regular thickness, and much local diver- 
sity of character. 


Geology. 

<;h. n. 


Range of the Saliferous System in England 


Of the beds included in this arrangement, the calca- 
reous strata are perhaps the least extensive, yet, as 
usually happens, they are most regular and continuous 
in their ranges, and most consistent in characters, and 
afford the best data for the classification of the others. 

By looking at Mr. Smith's, or Mr. Greenough's Geologi- 
cal Map of England, the extent of the raft^e of magne- 
sian limestone may be observed from the N ;n*,h side of 
the Tyne uninterruptedly to the Tees, between w^eh 
river and a place called Thornton Watlas, it is known 
only in a few points, though probably it exists continu- 
ously beneath the superficial accumulations of gravel. 

From this point to Bilborough, near Nottingham, its 
course is uninterrupted. 

Below it, in a narrow, irregularly parallel tract to the 
West, reposing on all the members of the coal formation 
indiscriminately, runs the lower series of sandstones 
and marls ; above on the East through Yorkshire and 
Nottinghamshire ranges the conglomerate red sand* 
stone, and upon f his lies, through Durham, Yoikshire, 
and Nottinghamshire, the series of upper coloured marks 
mid* gypsum. 

On the Western side of the summit ridge of the Cumbrian 
North of England, the vale of the Eden is filled by the ,i,stllcf * 
new red sandstone formation, consisting principally of 
coarse or fine-grained red sandstone, and red marl » 
above, w ith, in one place, a remarkable senes (if conglo- 
merate, or rather brecciated beds at the bottom, and m 
another a distinct deposit of magnesian lnnc- toum doe 
former are teen at Kirby Stephen in the an ale botv^n! 
two lines ol dislocation, and afford a vcr\ instinctive 
point of comparison with an analogous deposit in So- 
mersetshire, known by the name of millstone It has a 
basis of red sandstone almost entirely filled with angular 
fragments of different sizes of the ^neighbouring lime- 
stone strata, it is disposed in vast unequal beds, vvitli 
large distant joints almost invariably langmgNoith and 
South, lies with a dip to the East between the lines of 
tw o dislocations of the carboniferous limestones, to the 
violence accompanying which its own piodiu (ion was 
probably owing. Jl is not iu genet al magnesian, yet 
some s el low beds probably contain that substance, and 
thus we are led to refer its production to tile date ol the 
lower parts ot the magnesian hme # sti*ne. 

No further tmee of beds analogous to the magnesian 
senes ot Yoikshire and Durham occurs, in the West- 
ward extension of the new red sandstone group round 
the Cumbrian mountains, till we nveh Whitehaven, 
where magnesian limestone and conglomerate, lying in 
red* sandstone, are sunk through iu the coal pits, and 
seen inSlie high cliffs against the sea towards Si. Bee's 
Head. Fiotu Pressor Sedgwick’s examination of this 
district we learn that the section here presented 1*4 more 
closely similar to that of Yorkshire than \>as previously t 
supposed, and that the following groups ui'e uniformly 
kid upon the coal system. 


3. 

2 . Magnesian 
limestone. 


Variegated red sandstone of St. Roe's Head. 

I Rati marl und gypsum. 

Magnesian limestone, sometimes replaced by or 
alternating with magnesian conglomerate. 

I Magnesian conglomerates, analogoos to those in 
v the vale of Kden. and variocs parts of Yorkshire. 


4 L 


# 
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Geology* 
Ch.II. lt 


{ Course reddish sh mis to no of great thickness on the 
whole uncon formed to the coal measures, but also 
in part unconformed to the rocks above, which 
lie in its hollows. 


Midland 

Counties. 


«. 


# 


« 


South of 
lSnglami 


In their Northward extension beyond the Solway 
Frith to Dumfries-shire and Galway, the red sandstone 
strata do not exhibit any traces of magnesian limestone. 

Beyond the Southern termination of that rock, near 
Nottingham, the variegated red sandstones and coloured 
marls spread themselves over the whole area between 
Leicester, Warwick, and Worcester, on the one side, and 
Shrewsbury* Chester, Liverpool, on the other, and 
extend Northwards to Manchester, Leek, and Asbbourn. 
Yet jpi /£ll this immense area, except at Ardwick, near 
Winchester, and near Shrewsbury, we nowhere find 
any deposits analogous to the magnesian limestone. At 
Ardwiak a limestone is dug containing, as we have been 
informed by Dr. Henry, magnesia ; and we may believe 
that i ^geological situation is similar. In this neigh- 
bourhood also, as at Worsley collieries, we appear to 
recognise the lower red sandstone of Yorkshire, in seve- 
ral places overlying the coal beds, and it is probable 
that further examination may extend these points of 
agreement. Near Shrewsbury, likewise, the coal strata 
are preceded by what appears to correspond to the 
lower red sandstone, and upon this lies a porphyritic 
magnesian conglomerate. 

South of Worcester the variegated sandstones and 
marls, the latter predominating, pass down the Vale of 
the Severn, fill up the winding intervals of the dislocated 
carboniferous limestone, partly cover the coal basins of 
Somersetshire, spread in the vales of the Parret and the 
Exe, and reach the sea at Exmonth. 

The only parts of this extensive range where mag- 
nesian rocks appear distinctly, is amongst the limestone 
Vud coal tracts of Somersetshire and South Gloucester- 
shire. Along (he sides of Mendip magnesian conglome- 
rates of considerable extent separate, the limestone from 
the red sandstone, and produce the ores of zinc ; a simi- 
lar deposit, in similar relation to the older limestone, 
appears along the Avon below Clifton, and at Rad .stock 
and other places it is pierced in the collieries, at or near 
the bottom of the red sandstone, and receives the name 
of millstone. Conglomerates of a very singular, even 
porphyritic:, character occur near Exeter, in the lower 
part of the variegated sandstone and marls, and from u 
general review of the whole subject. Professor Sedg- 
wick classes the conglomerates of Exeter, Somersetshire, 
and Shropshire, with the lower or conglomerate portion 
of the magnesian 'liipestone of the North of England. 
Some doubt may perhaps yet remain as to the propriety 
of including in this system the red conglomerate of 
Exeter, which is by Mr. De la Beche ranked with the 
rothetodteiiegende, but in the other points the inference 
appears certain. \ 

From this view of the subject which we fully a/iopt, it 
would appear that the difference of the saliferotis system, 
in different parts of England, gatees rather from the 
limited continuity of the beds, than from any great varia- 
tion in theirjpiality or relations. The series of the sali- 
ferous system is perhaps nowhere more complete than 
in the interval between the Wharfe and the Dun, yet 
even here several beds are deficient. The marl slate and 
conglomerate limestones are better studied in Durham, 
the upper coloured mails are better exhibited in Not- 
tinghamshire, and the beds of salt must be examined in 
Cheshire. . 


Remarks on certain Members of the Saliferous System Geology. 
t in England, ^h» I L 

The variegated sandstones and coloured clays of the Variegated 
British series, being destitute of organic remains, and wndB jone» 
subject to no very remarkable changes of character, an c ayii ' 
what lias been said will suffice for the purpose of com- 
parison between them and the analogous deposits in 
other parts of Europe. But before we proceed to this 
comparison, it will be useful to describe more particularly 
the general characters of the terrace of magnesian 
limestone, and its associated strata, which occupies so 
remarkable a range in the North of England. The 
table already given will explain the relation of the 
several members of this group, and we shall at present 
coniine our attention to the calcareous 1 portions. The 
most ample details on every point will be found in 
Professor Sedgwick’s Paper in the Geological Trans- 
act ions. 

Immediately above the lower red sandstone in the 
excavation for the Stockton Rail-road, were found in 
ascending order, (1.) thirty feet of light-coloured, sili- 
cious sandstone in thin beds, alternating at the top with 
blue calcareous slate. (2.) Nine feet of yellow calca- 
reous shall; and mail \Jate, some ol the beds incoherent 
and sandy. In this marl slate about two feet above the 
sandstone were found many impressions of vegetables 
(ferns) and fishes of the genus palieoLhrissum. The 
higher and more compact beds also contained products?, 
spirifera*, and tcrehratula:. The shales or marls of thin 
series are sometimes highly bituminous. (3.) Twenty 
feet of thin calcareous beds with marl) partings. 

These slaty marls and limestones have a very irregu- 
lar extent even in Durham, and are imperfectly traceable 
in Yorkshire. They are perhaps best exhibited at Gar- 
forth Cliff, on the road fiom Leeds to Selby, where they 
are full ofaxinus obseurus, and contain a species of pro- 
ducta not yet described. Deposits somewhat analogous 
are described by Professor Sedgwick near Uolsover. 

Little or no magnesia is found in '.his part of the 
series. 

The yellow magnesian limestone whose extreme thick- Yellow 
ness between the A ire and th° Dun certainly exceeds 300 ma £ ru,tiI “ u 
feet, exhibits the most astounding diversity ol mechanical 
structure, without a corresponding diversity of chemical 
composition or definite geological divisions. Several va- 
rieties yield upon analysis carbonate of magnesia and car-' 
bonate of hint, in the simple propmtion of atom to 
atom, (for example, <he building stone of Huddleston f 
and Warmsworth,) and in almost alLthe proportion of 
magnesia is large. In the Southern part of its range, 
the structure of the rock is generally crystalline, and 
the crystals (rhomboids) being small, and often tinged 
of a reddish orjelJow colour, the dhole might be easily 
mistaken for sandstone. On the conlfiry, in the North- 
ern part ol its range, a concretionary structure is often 
observed, and thus globular masses ot Carbonate of 
lime of various magnitude compose beds of stone or lie 
loose amongst a quantity of yellow, powdery, calcareo- 
magnesian carbonate. But the variety of the appear- 
ances presented by this kind of structure is so great, 
that on entering a quarry near Sunderland we arc 
strucll by the organic aspect of the Wnole escarpment, 
as ifwt had been a reef of coral. On the coast of 
Durham beds of this structure appear associated with 
masse# of brfcceiated limestone, but very irregularly, and 
under circumstahces not easily explained, without sup* 
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Geology, posing the deposits to have been eubject to repeated 
Ch. 11. local and violent disturbance. 

Certain beds of this rock in Yorkshire and l)crby- 
shire are very compact ; in Durham some are composed 
of numerous thin, incoherent layers, In several places 
North of the Dun and near T&dcaster oolitic portions 
are distinguishable. 

But by far the most plentiful of all the varieties of 
this changeable rock, especially to (lie North of the 
river Wharfe. is a loqpe earthy mass of indistinct beds, 
with hollow geodes of crystallized carbonate of lime, 
and numerous veins or strings of the same substance, 
dividing the rock into angular cells, arid helping to hold 
it together. This character of crystallized cavities and 
sparry strings is very common to the whole formation, 
and we occasionally find oxydulated iron, sulphate of 
strontian, or sulphate of barytes in these cavities. In the 
quarries at Weldon occur layers of silicious nodules, analo- 
gous to the chcr lumps, in limestone, iu oolite, and green 
sand, and to the finite m chalk. \ eins of sulphate of ba- 
rytes cross the magnesian limestone hi several places near 
Ferrybridge, and near Wcthciby. Galena occurs in it at 
Mansfield and at Warmswoilh near Doncaster in small 
veins, and in other p'aees iu detached crystals, as does also 
sulphuret of zinc ; carbonate of nipper lines some mints 
of the rock at New ton Kyme near Tadcaster, at Warms- 
worth, and at Farnham near Knaresborougli ; muriate 
of soda has been obtained by Mr, Holmes from the red 
beds of Mansfield, and a solitaiy lump of red rock salt 
was found in connection with it near Pontefract. 

Organic remains of retepone, muoidea. brnchiopo- 
dons bivalves, and other shells of mollusca, occur in 
this rock, m by far the greatest abundance near Sun- 
derland iu Durham ; they are much less plciiin.il in the 
upper parts of the rock m Yorkshire between the Dun 
and the Wharfe; and only a lew' species obseuicly show 
themselves m Derbyshire and Nottinghamshire. There 
is a great analogy between the organic remains in the 
magnesian limestone of Durham, and those of the 
older carboniferous limestone, and it especially deserves 
attention that m thn» rock the genus producta is seen 
for the last time as we ascend (he senes of strata, 
while no ammonite has yet been found in it. 

Above the yellow maggiesian limestone is a series of 
gypseous red and white marls, fifty feet thick or mine, 
ami tins is surmounted bv the upper laminated lime- 
stone. 

rpl^rla- This rock is not coextensive with the yellow lime- 
m nnioil stone, but has a more limited ratigc, scarcely extending 
limestone, beyond the boundaries of Yorkshire. It is most fully 
developed in the tract between Tadcaster and Tiekhill, 
and may be ^examined advantageously at Brotherton 
and Ivnottingley, where enormous quantities of it arc 
burned annually to time for agricultural purposes. 

It here reachos to about fifteen yards in thickness, and 
is composed of a vast number of small irregular Ihycrs, 
separated diore or less by partings of marl, and ob- 
scurely united into uneven and often undulated beds. 
The stone is nearly devoid of magnesia, its substance is 
. usually compact, bo as even to fit it imperfectly for the 

purpose of lithography ; it is remarkably full of dry 
cracks, which have dendritical faces, and snudl cavities 
liued with crystallized carbonate of lime appeal^ in the 
thicker layers. The thickness of the layers increases 
'suddenly, or the beds become in ore* consolidate^ toward 
the bottom, and in this part the crystallized cavities be- 
come more numerous atid^larger, the stone is l^ss com- 


pact, holds more magnesia, and is of no value for lime. Geology. 
The prevalent colour of the stone is a smoke grey, which Ch. u. 
is often disposed in spots or stripes, and the separating 
marls are generally light grey, but often purplish, and 
further South reddish. 

Organic remains occur but very rarely, and in the 
lower beds only. They are very imperfect in general, 
but appear to be of the same species as others from the 
yellow limestones of the same vicinity. 

Further North, at Nosterfield, these beds change 
their aspect considerably, so as to resemble closely some 
kinds of carboniferous limestone, a resemblance in- 
creased by the presence of product®, and the occurrence 
of galena. About Doncaster this rock assumes a sedder 
aspect, and contains some beds full of magnesia. It is 
then said to be a hot lime , and like the product 6f the 
yellow limestone, is injurious if laid on the land in 
large quantity. 

The stony beds mentioned in the general dassifici- 
♦ion of the saliferous system occur at a lew points about 
Gainsborough in Lincolnshire, and Tuxford in Notting- 
hamshire, as we learn from Mr. Smith, who distin- 
guishes it by the provincial title of water stone ; and 
perhaps the hard white beds at Newnham in Glouces- 
tershire may be relerred to the same rock. Its course 
remains to be further traced, and deserves attention as 
perhaps affording u term of comparison with the mag- 
neton layers described by M.KIie de Beaumont in the 
variegated marls of Alsace. 

The following abstract of Mr. Holland's Paper in the Rock salt. 
(reohqieal Transactions , vol. i., will convey a good 
notion of the situation and mode of deposition of the • 
lock salt in Cheshire. 

Cheshire unites w ith the Southern part of Lancashire Character 
mnl the Northern part of Shropshire into a great plaii^ of 
fifty miles long from North to South, and about twenty- COUn 
live or thirty wide. It is bounded on the East and on the 
West, and interruptedly on the South, by carboniferous 
ranges of hills ; and the internal area is divided by two 
ranges of rising ground into three minor plains, which 
serve to conduct the Dee, the WeaVer, and the Mersey 
to the Irish Channel. The range of Dclainere Forest 
on the West, and an undulated tract ranging nearly 
Westward to Ha I ton and Runcorn, define the drainage 
of the Weaver, and include the most ahundunt sources 
of salt. Scarcely any rock salt is found except in this 
limited tract. On approaching the estuary of the 
Mersey, the ridges which bound the plain approach one 
another at two points, and suggest the idea of the in- 
cluded plain having been once a Vake. 

The salt which lies under this plain is found to 
thicken, at least partially, toward the contraction of the 
valley ; it does not, however. Lie beneath the whole sur- 
face of/the low ground, nor indeed in one connected 
mass, but occurs in detached masses of limited area. 

Tile i*5jck Balt of North wich ranges North-East and 
South-West* and its breadth is about three-quarters of 
a mile. The upper -bed is thickest on the North-West, 
and thins off toward the South-East. * 


Two beds of suit at Northwich, &c. 
Rock salt . . 20 to 30 yards. 

Rock salt 35 yards known. 


Three beds at Lawton. 
42 yards marl, Ac. 

4 i'cet salt. 

10 yards marl, &c. 
12 feet salt. 

15 yards marl, Ac. 
24 yards salt. 


The upper bed has been worked through only at North- 
4 l 2 
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G«ok>gy. wich and Lawton. No marine exuviae occur over the 
Uh. II. fc&lt, or in any way associated with it. The purest part 
"v—*'' ot the salt in the upper hed is about three or four yards 
above the bottom of the bed, and about four feet in 
thickness; (lie purest part ot the lower bed is twenty 
or twenty-five yards deep in it, and five or six yards 
thick, below which the salt becomes earthy ns above. 
Tins is the part worked. The salt is not stratified, but 
divided into vertical, prisms of various polyhedral forms, 
and different magnitudes, sometimes a yard or more 
in diameter. The sides of these prisms consist of pure 
white salt. Gypsum abounds in the marls associated 
.villi the sail, the most abundant variety being the 
fibrous kind. 

Mr. Holland supposes that what is now the salt field 
was once a salt water lake, separated from the sea by a 
natural dam ; that the evaporation ot the water caused 
the precipitation of the salt, and that it was afterwards 
covered *w it h the, laminated marls. To account for so 
much salt, he imagines that the sea might often overpass 
the dam. 

Perhaps we may say that there was here a lake of 
salt water, of which the deposit went on gradually, and 
that at intervals violent floods filling it with muddy 
matter, this was precipitated with gypsum, lmt without 
9 ‘.tit, but that »l forward 8 the water again subsiding, salt 

fell as before, if the floods came in from the sea. this 
might explain the correspondence’ in character of these 
gypseous mails, and those which elsewhere belong to 
the keuper era. 


SiTtum. I'-" 
Norte, wict., 1 

3 

c 

7 

.s 

<) 

10 

11 


12 


n 

l-i 


i r i 

10 

17 

•18 

19 

20 
21 


yds ft. In. 

. r i 0 0 Calcareous mar). 

*1 1 f> Indurated red clay. 

2 10 *1 militated lilue clay. 

1 2 0 Argillaceous mail. 

0 J 0 ’•'Indurated blue cla) . 

10 Red clay with sulphate of lime irregulaily in- 
tersecting it. 

1 1 0 ’•'Indurated blue and brown clay, with grains of 

sulphate of lime inlet spersed 

4 0 0 India ated brown clay, with much Hulphate of 

lime crystallized m irregular masses. 

110 *1 militated blue clay laminated with sulphate of 
lime. 

I I 0 Argillaceous marl. 

1 0 0 indurated brown clay laminated with sulphate 

of lime. 

1 0 0 ^indurated blue clay laminated with sulphate of 

lime. 

*4 0 0 *Imluruted red and blue clay. 

4 0 0 Indurated, l»owt> clay, with sand and sulphate 

of lime irregularly interspersed through if. 
The tresh water (300 gallons per minute) finds 
jtsSvary through holes in this stratum, and has 
its level at 16 yawls from the surface, 

I 2 0 Argillaceous marl. 

1 0 0 ^Indurated blue clay with sand and grains of sul- 

phate of lime. 

f> 0 0 I u (hunted brown clay with a little si’phate of 

lime , 

0 1 (, * Indurated blue clay with grains of sulohiitt of 

lime. ' 

2 1 0 Indurated brown clay with sulphate of lime. 

25 0 0 Hock Sam. * 

W 1 0 Layers of indurated clay with veins of rock salt 

(occasioned by water filtering) running tlirough 


76 1 9 

22 36 0 0 Rock Salt sunk into 35 or 36 yards. 

English Geologists have, till lately, commonly be- 
lieved that rock salt was the peculiar production of the 
red marl and red sandstone; but the mines of Wiehtzka 


are in green sand, those in the Salzburg Alps in lime- Geology, 
stone t of the oolitic period. Ch.Il. 

By far the larger proportion of ordinary springs, from v — 
whatever strata they issue, yield muriate of soda, some- 
times in very large quantity, and it is important to 
know that bromine and iodine, which are stated to he 
always existent in the actual sea water, very generally 
accompany the muriatic salts in common springs. This 
is most remarkably the case with bromine. (JSee Phil . 

Trans . 1830.) The rock salt qf Cheshire is perhaps' 
entirely devoid of bromine and iodine, though the brine 
springs of the same district are found to contain both. 

The reason of this may be. that the hvdrobromic and 
hvdriodic salts have not the same ratio of solubility as 
the inuriate of soda. 

Saliferous System of Europe. 

We are now at liberty to consider the characters of General 
the saliferous system as they appear in the other parts view, 
of Europe, which have been accurately examined by 
Geologist*. Tins comparison is much facilitated by the 
mutual understanding now so geneial between English 
and (oreign observers, and the subject is made familiar 
to our countrymen by the published inferences of Sedg- 
wick, Yoltz, and 1)<* Beaumont. The Bliiue in its 
Northward course from Ba^le divides into two unequal 
parts an immense aiea, in which the saliferous system 
mantles round the primary ranges of the Vosges, 
Scliwartzwald, Odenvvald, Spessurt, Tlmriugcrwald, 
and Harz mountains. The natural bou whines of this 
irregular area, are, on the West, South, and South-East, 
the I'mich, Swss, Swabian, and Havanan lunges ot 
Jura limestone; on (lie Norili-West, the slate formation 
.of (lie Ardennes, Nassau, and Westphalia ; on the North 
the lertiniy plains of Noil hern Germany. Over all tin * 
immense tract, the saliferous system contains a calca- 
reous stratum at present unknown m Britain, called the 
Mnschelk.dk, a rock which, in some of its external 
characters, particular lv its smoke-grey colour, and 
association wrth marls bears a consideiablc analog v to 
the tipper layers of the magnesian hmestone tormation 
of England, but b> the occasional abundance and 
general character ot its organic remains is strong I) as- 
similated to our lias. r 

J n several districts diflerent portions of the sandstones Organic 
and marls contain organic remains both animal and \ege- r/umuiw, 
table, which are entirely distinct from those yet known 
to belong to the older formations, but greatly resembling 
those ot the lias and odlites, so that the foreign localities » 

ot the new red sandstone senes supply u^with those links 
in the chain of general Geological tacts wjiieh arc want- 
ing in Britain, and for want of which English Geologists 
have been accustomed to view in too absolute a light 
the distinction between the carboniferous and the oolitic 
formations On the other hand, m tht* greater part of 
the siVliferous system on either side of the Rhine, beds 
corresponding to the magnesian limestone of England 
are entirely unknown. Jt is chiefly along the line of 
the South-Western face of the Thurfngcrwald, pro- 
longed to the North-West as far as M linden, in the 
drainage of the Weser, along the Southern and East- 
ern borders of the Harz, and on the North-West side 
of thet slate formation connected with the Erzgebirge, 
in the drainage of the Elster, that the zechsteiu and t 
rauchw^cke represent on a greater scale the yellow 
magnesian and upper laminated limestone of the North 
of England. 
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Geology* Salt which, as above explained, occurs in England in 

Oh. 11. beds only in the variegated marls, is found in one or 
other side of the Rhine in every bed of the system. 

From these remarks it is evident that there is a great 
general resemblance between the characters of the sali- 
ferous formation as it exists in Germany, France, and 
England ; but to make the differences equally apparent, 
it will only be necessary to fix our attention upon two 
districts in partiriilni , the Vosges mountains, 

which ran ire to the JJorth-East parallel to the Rhine, 
and the district in the North-East of Upper Germany, 
adjoinin';- (he Thunugerwald and the lli.rz mountains. 

The general succession of strata m the saliferous 
system round the Vosges mountains may be well seen 
on the road from Metz to Strasburgh; and tire minuter 
details of the beds have been ascertained by those emi- 
nent Geologists, Voltz and Elic de Beaumont ; to the 
former of whom we owe the discovery of most of the 
vegetable fossil o! 4 best* rocks, ami to the latter a 
valuanle discussion ut the relations ni the formations 

Between the bottom of th<* oolitic svsteiii and the top 
of the saliferous system oeturx, about Luxemburg 
especially, a peculiar seniKtohe, which hsis hardly been 
distinctly recognised in any other situation. Below 
this, in descendin'*- order, is tfie following series of 
strata. 

Svehon of 4 Variegated marls, Keupcr of Germany, marncs 
‘.In' \ os -m. irises ot France. — Red, jkiIc blue, giecnish, &c., with 
gypsum occasional! v inters! ratified, especially near the 
top, with beds of sandstone of different kinds, contain- 
ing plants of the families cajumitcs. equisctaccep, lyco- 
podiuceie, eonifene, oyeadese, , univalve and bivalve 
shells, remains ol sauna us and ehelonida. 

In these coloured marls, above the middle, lies a 
regular lied (six to ten feet thick) ol exlieimdy compact 
magnesian, yellmv limestone, vvithou* lossils, and under 
it, in several place*-, black schistose mails ; in this part, 
also, gypsum is especially abundant. In several situa- 
tions, thin hands ol reddish limestone occur, alternating 
with anhydrite. , 

8. Muselielkalk. Limestone, generally compact, of 
a light grey or smoky colour, with partings of marl, 
containing peculiar eneruutes, with ammomics, plagio- 
stomnla, and other shells* analogous to ihose of the 
oolitic system, and temams of reptiles Near Luxcm- 
• burg it is very thin, and may easily he mistaken lor 
lias ; near Savcrne it is much thicket, and moie charac- 
teristic. At Bourlymne les B.iius it is a true magne- 

• sian limestone. As hefoie ohseived, it does not exist 
in England. * 

♦ 2. Vanegaj^d red sandstone. (Hu/rft r sanfhit /// of 

Germany, gres bizarre ol Frame )— E\ireinel\ similar 
to tjie new red saiu^tone of England 'Hus also con- 
tains, locally, ahundancc of organic remains. l>t >t ti annual 
and vegetable. 9 

1. The stjata above named ret, in some plan's un- 
conlorrnably, upon a vast thickness of red sandstone, m 
general much coaiser, and mote like a conglomerate 
than the variegated red sandstone: the pebbles ol quartz, 

* which it contains in abundance, appeal jug to be derived 
from the rums of portions of the primary rocks of t lie 
range ot the Vosges. The magnificent precipices down 
which the road descends to Save rue, among grahd old 
jvoods and torrents, are formed hy f tliis lock, and the 
resemblance which it bears to the old red sandstone 
conglomerate ol Monmouthshire, is sych as to bias the 
English Geologist strongly in favour of that approxi- 


mation. In other cases, and especially in hand speck- Geology, 
mens, this rock appears to resemble the coarse red ^h. II. 
sandstone of Dumfries -shire and of Penrith Beacon, and 
as these rocks certainly overlie the carboniferous series, 
this comparison may, perhaps, be exact. The Northern 
part of the Vosges mountains being wholly composed 
of these grit rocks, and coal beds being found at many » 
points in the same vicinity, the incumbency of the red 
sandstone upon the coal is satisfactorily proved. 

The lower part of this thick arenaceous group, which 
rests upon the coal series, is usually of a friable and 
fragmentary nature, containing admixtures of por- 
phyritic masses, which strongly assimilatfjt to the red 
sandstone conglomerate of Exeter, and the red sand- 
stone, expressively so called, of the North of Germany. 9 

The upper part, also, gradually becomes finer grained, 
and more like the ordinary variegated red sandstone ; 
but as in several places this latter rock rests uncoil- 
fonnnbly upon the other, we are justified in adopting % 

the opinion of Voltz and De Beaumont, that it is a por- 
tion of the red sandstone series, almost peculiar to the 
Vosges mountains, and may, therefore, be characterised 
ns the gres (frs Vosges. 

The North-East, of Germany gives us the following North Kinfc 
section of the salifeious system. ot (lieN 

5. Variegated marls. ( Keupcr , marncs ir isles) with ma,, ^ v » 
gypsum, and the usual characters of the strata. 

4. The niuschclkulk, much as it occurs about the 
Vosges, ft admits of subdivision into two, or, perhaps, 
three parts, which, according to Hoffman, may be dis- 
tinguished by their respective types of organic remains. 

3. Variegated sandstone. ( Bunter sandstein , gres M 
bigarrc.) » 

2. Zeclisfein, or magnesian limestone formation, con- 
sisting of the following members: — 

«. Rauchvrucko, audio, sdinkstem, &c. with gypsum, 
t'oluured murls. 

h. Knpfurschieter ami zuohstein. 

1. Lower red sandstone, ( HolhetocHclicgende, gres 
range,) which is often associated with puipliyritie 
masses like the red sandstone of Exeter. 

The following Table will show the relations of the 
three tracts. 


4. 

3 

1. 


Vui legated marls. 5. Mai m*s n oocs. 

4. Muscholkalk 

Yaiwir.iti-d band- 1 .> . , 

” > 3. Cm'b big.iru-. v 

mono. J * • 

Magnesian lmio-( 

stone. J 

T.ower red hand- I 2 (ties dos V 0 ',g<N. 

stone. I L liies rouge. 


} 


I »*‘i mauj . 
a Koujiei . 

4. Muschellvulk. 

3. Hunter sandsteiu. 

2 Zoohstem. 

1. Kuthetudtciie- 
geiule. 


A more minute analysis of the zcchstcin and magne- 
sian limestone senes lui mslies the following comparison. 

» 

1 njfliiinl. Geiiunii\ 

l>p|>e.* laminated limestone. Stinkstem, Kuuchwacke, Jkc. 

(ixpnoouM colonied mmk Coloured marls and gypsum, 

lellow magnesian Imiotone. Zoohstem. 

Marl, slate, and fishes, br hiue- Kuptersehiefor, and tithes of 
stone with shells. Man*dild. 4 

Lower red sandstone. Rothetodtehegeii^o. (( 'pperpart.) 

C'u» formation. 


And we might by a diagram express the gradual 
change from one of these types to another, putting the 
Vosges section* between those of England and Ger- 
many. 

With respect tb organic remains it may be sufficient 
to remark generally thut they are found loculi} iu 


A 
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Otritagy. abundance in all the members of the saliferous series 
Ch. IX. in Germany and France, while hitherto they have 
appeared in England confined to the two lowermost 
groups. 

Salt. It appears that the greater part of the salt beds of 

Germany occur in the muschelkalk, between Magdeburg 
• and Osnabruck, anfl in the Valley of the Neckar in 
Wurtembcrg. At Vic, Baden, and Lons le Saulnier, 
salt lies in red marl, along the North side of the Ty- 
rolean alps in red sandstone, (AHenatt. Borchtolga- 
den,) and it is possible that the abundant salt-works 
• on both sides of the Carpathians in Transylvania and 

Moldavia mafj be established on this series. The salt of 
European Russia (Strungways, in Geol. Trans.) is also 
connected with the new red sandstone; blit the geological 
age of the salt amongst the sands (said to be red) of Per- 
sia, in India between the Indus and Chellum t in Africa, 
New Holland, and North America, is at present a mat- 
te* of conjecture, though in the Valley of the Mississippi 
we recognise the characters of a red sandstone deposit. 
The salt of Cordova, in Spain, and various points along 
the line of the Pyrenees, appears to lie in green sand ; 
that of the Salzburg alps belongs to alpine limestone of 
the oolitic area, while in Sicily salt is found in sulphu- 
reous tertiary marl, and at Wielitzka it lies in tertiary 
strata containing a few shells. 

Circumstances attending the Origin of the Saliferous 
System. 

Its marine From the preceding statement we may confidently 
origin. i tleoide f hat the whole of the strata belonging to the sal i- 
« ferous system were deposited in the sea around the pre- 

viously elevated lines of older rocks. The mechanical 
aggregates of sandstone, and clays, and marls, do not 
in general show us those exceedingly fine laminations 
and indefinitely numerous alternations of different ma- 
terials which mark the coal deposits, they do not abound 
in such a multitude of spoils of the land, nor contain 
extended layers of the reliquiic of fresh water. Had lie 
never known of tin* local accumulations of fossil plants 
in the Keuper and variegated sandstones of the Continent 
of Europe, the English Geologist might have consist- 
ently doubled whether inundations from the land had 
ever disturbed the regular operations of the sea during 
this period. To explain this irregularity of distribution 
of terrestrial plants, it may be supposed tliut inundations 
from the land happened only in particular places along 
the margin of that ancient sea, or it may be said that 
the inundations beifig#gencral, the growth of plants was 
limited. Willi respect to the accumulation of the rocks 
themselves, equal difference of opinion maybe indulged; 
for if the remarkable absence, from the greater part of 
the area of the saliferous sytein, of any muring exuviui 
ill tfte mechanical aggregates might favour the notion of 
the materials being wholly derived from the laud v ^etfhe 
mere fact of the extraordinary and connected extent, the 
remarkable uniformity of character of these extensive 
deposik, even where the more anciently elevated strata 
round which tfiey were evidently formed are of entirely 
different nature, and their apparent indej)endencc of these 
boundaries of their surface, seein to prove either 1. that 
the materials were collected by the uction of the sea 
itself; or 2. that when brought into it by other agents, 
they were for very long times exposed to its equalizing 
action. * • 

This long action of *the waves upon the particles of 


the silicious and aluminous rocks and minerals which Mqm, 
compose the mechanical aggregates and sedimentary 
deposits of the saliferous system, is also suggested by 
the amazing prevalence of the colour of peroxide of 
iron, which covers as a varnish so many of the particles ; 
and it is confirmed by the discoveries of the organic 
remains, since these are of such a nature as to prove 
that during the saliferous period the whole living creation 
of the carboniferous period came to an end, and was 
replaced by several peculiar tribes which likewise 
finished their career and yielded to the more numerous 
races which fill the oolitic rocks. 

The calcareous portion of this system presents us Prevalence 
with even more decisive evidence, from its organic re- °f mugue- 
mains, of its marine origin, but the circumstances which 8ia * 
permitted the accumulation of the magnesian carbon- 
ates of lime are in great measure unknown to us. 

That they were originally deposited in the same chemical 
condition as we now see them, without the subsequent 
aid of any igneous operations, is perfectly evident; and 
the occasional occurrence of pebbles and shells of the 
cartyonilerous system in the magnesian limestone, 
coupled with the known fact that certain beds of the 
carboniferous limestone contain a large proportion of 
magnesia, might lead* us to conjecture that the one is 
derived from the ruins of the other. But, as Professor 
Sedgwick observes in discussing this subject, (Geological 
Transactions ,) all the magnesian beds m the carboni- 
ferous limestone would be quite insufficient for the 
purpose, and the crystalline character of the Mansfield 
and other varieties of magnesian limestone clearly nega- 
tives this mechanical solution. Bens rich in magnesia 
alternate with others devoid of that substance, the same 
beds are in one tract magnesian, in another yield pure 
lime, and in general we must be content to shelter our 
ignorance under the siutement that from some unknown 
cause the waters ot the sea were then decompos'd in 
such a way as to permit very generally the precipitation 
of united magnesian and calcareous carbonates — the 
possible circumstances of winch inusj tv. intrusted to the 
examination of the Chemist. 

The salt and gypsum usually associated in tli is re- Salt and 
markable system present also their difficulties. Not H)T sum - 
that it is hard to suppose tbe*vvaters of the ancient sea 
to have been so evaporated as to permit first the crystal- 
lization of sulphate of lime, and finally of muriate of* 
soda. But in ibis case we should expect to find almost 
uniformly over the whole area regular strata of gyp- 
sum below, and regular layers of salt uho\e, while, 
in fact, we more commonly find salt 4, in great broad 
masses rattier than beds below, and gyps^un in scattered 
masses above. A general drying of the waters in which 
the saliferous system was deposited is plainly incon- 
sistent with probability ; and we must have recourse to 
local causes, something analogous per hips to those which 
influenced the deposit of primary limestone, It may be 
conceivable that the solubility of muriate of soda in water 
is capable of diminution through the admixture of other 
substances in the liquid, or through the effects of great 
pressure, or of' pressure and heat combined ; it may be 
maintained that the limited deposits of salt happened in 
separated lugunesof the sea, exposed tq local desiccation, 
as pert laps in Cheshire. Mr. Lyell has still u different 
and less probable vjew of the subject. All these expla- 
nations/issume that (fie salt was produced directly by mere 
crystallization, frqjn waters almost perfectly analogous to 
those of the actual seas ; an assumption strongly confirmed 
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by the recent discoveries connected with bromine and 
iodine. 

Further researches, both Chemical and Geological, 
must determine between these and other theories, and 


in particular, we must be more exactly informed of the 
ancient hydrography of the salt districts, which, in 
almost every instance, must have been very different 
from their present topographical features. 




Tahiti of the Organic Remains of the Saliferous System. 

The asterisk distinguishes such as are kuuwa to occur in other systems of strata. 

Plants. 

Family. Name.* Locality in KcujH'r. Locality in Muschelkalk. 

Alga: Fucoides Brardii . 


Locality iu lVcilitlc 
Suuilstouu. 


Locality in Magnesian 
Limestone. 


( Frankenberg copp. 

{ slate. 

selagitioides Mansftfld, ditto. 

frumenturius Ditto. * 

pi'ctinatus Ditto. , 

digitatus Ditto. 

lycopodioides Ditto. 

Oyptoga.nin, .Equisetum Menani Meue Welt near liasle. 

*coh»mnare Wiirtrinherg Sulzhad, or Soultz. 

'•Utyodon Fran ken in Wurtem. 

r, , , |* . f Wasselone, Mar- * 

\ moutier. 

Mougcuttii Marmoutier. 

rrniotuN W'usselone. 

Pecopteris Merumi None Welt. 

*ur bore scons Near Autun. 

*abhrc»viata Ditto. 

Twniopteri* * vittuta . . Neue Well, Stuttgart. 

Anoniuptens Mougeottn Soultz, Wasselont*. 

Neuropteris Voltzu Soultz. 

olegans . 4 D'tto. 

(Lii)iitrUoti Luuevillc. 

Splwnopteria 1113 riophylluin Ditlo. 

pdlmetta Ditto. 

Fihcites Shittgartensis Stuttgart. 

lunccolut.i. , , Ditto. 

hculopcmliioides Ditto. P 

. . . r , . - ( Kisleheu m*Hr Mane* 

Lyropodites IiuMiliignaiiNii j ^ 

Pycudoa* . . . . Ptcrophyllum longifohum Neue W T elt. 

Meriaiu Ditto. / 

Jiegeri Franken, Stuttgart. 

enerve Neue Welt. 

M.intellia cylindrica Ditto. 

Various families. L'onvalUrites erectu Ditto. 

•nutans Ditto. 

Paln*oxyrA» rcgnl.ms Ditto. 

Kchmostuchys oblougus Ditto. 

vfithophy Hum stipulate Ditto. 

Marantoideu urcnucuu, Jivger. . Stuttgart. 

Voltxia hrevifoliu Ditto. 

elegaiiH Ditto. 

• ngida Ditto. 

acutiiolia Ditto. 

pterophylla Ditto. * 

Asterophytlites ? hulbosa Thuringerwald. 


Tin* following’plants, which are well known in the 
coal strata, occ^ in the lowest red sandstone. (Rothe- 
todteliegende.) 

+l*pidodondron StornbPjgii llinkelheim in tin* Spessart. 

+i lubricating “Weiderbruck near Kotlieulmrg. 

*Stigmaria Vehlieimiana Magdeburg! 1 t 

Other vegetable relics at A in rode, Seibigkerode, be- 


tween Friedeburg and Uothenburg* JbLyfrhaeitser, Meis- 
dorf, E 11 dorf. 

The names in this list are taken from M. Brongniart, 
v\ ho supposes the flora of the variegated sandstone 
system be of a peculiar type. It is certainly very 
analogous to that ol the succeeding or oolitic epoch /by 
its pterophylla and equiseta, but the genus Voltzia is 
perhaps peculiar to it. 


POLYPAKIA. , 

Name. Locality hi MiiKneman lames tone. 

Gorgon in anccpn, Goldfuss GHk-kabrunn in Thuringia wahi. 

Biitujua, G Glitckahrunn. 

* inhiiulibiihibrmis. G Ditto. 

•Calamopora spimghuK, G .* Ditto, (and Ural.) . 

Kett'pora ttustrucea, Phil Durham. 

virgulaeeu, Pkil. Ditto. 

Astnca-pediculata, D. 

The absence of polyparia from the muschelkalk is one of the characters by which it approximates to the lias. 
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Radi aria. . 

Name. Locality in Reaper. Locality in MuscKclkolk. Locality in Mcgtuwian Limwtoao. 

Ophiurn prisca, Mlln . Vosges Mountains. . . . Uaireutli. 

loricjita. G Schwenuingen, 

A storms obtusu, ,G , Marhach. 

Eucrinus moniliformis, Mil General in this rock. 

rumoamt, Schl Gliicksbrmm. 

Pentacrinuh dubiua, Gold. ... ? Rudersdorf. 1 

♦Cyathocriuus planus, Mil * Durham. 


Annulosa. 


p 


( Name. Locality in Muyrholkulk. 

Serpula vulvatn, G Huireuth. 

e colubnnu ? 

Uy its miliaria, amongst which no echinus is mentioned, the muschelkalk resembles the lias*, those radiaria 
which lie in the magnesian limestone present greater analogies to the older rocks. 


Con cm per*. 


Locality in Pnccilitic 
&uii<h tone 


Family, Name. I,oruht\ m Kt uper. Locality m Muschclkalk. 

Flagymyoua .Cardium pertm.ilmn, v Alberti \\ intern berg WurtiMiiherg 

striatum, Schl Ditto, Gottingen. 

{ YNeinuu. Gottingen, 1 

\\ ihtcmbctg, ILu-l Domptail, Soidt 
ifurli 1 « 

cur\ iiostns S<hl. . .... Ditto, Schwenningen. \V iiitemhorg. 
sulcata, G. Villmgen. 

].«. a:ist*r.H, Srl.l i Gnttin^n Monbarh, 

( Luueville. 

cardissoYdeH. G Win tending. 

hiugat.i, G Maihacli. 

(roMfiihsii, \ Alberti Ditto 

i Weiuvn, Wurtem-Y 

My.i musculo i tli s. Sell 1 Sultz on the Neckar \ brig, Gpper Sde-z Sulzbnd. 

1 sm. Poland ^ 


Locality ill MiljL;llcsMll 
Limestone 


elonguta S' hi 


Ditto ditto 


{ Wurlendieig, neurj 

W.ddshut, tipper J 1 Sulzbud. 
Silesia, Poland . . 


Mytilus vptustuv, (*. 

eduhlormis Sri 


veutrirosa, Schl W intend) Luucvdie. 

iimctioiilfs, Srh\ i S.le- 

[ si. i, Poland. 

rtigosa, v. Mherti liottwcil 

Modiola lmnutii. G Rottwod. 

acuminata, Sow Durham 

* Sodg \hcifoid, Durham. 

j I Gottingen \\ itricni | 

( * Img, l.nnci tile, z J)omptail, Sul/had 

1 li.uiculh * 

? kemtophagtH. Schl Ghicksluunn, 

s Btia.it ns. Schl Ditto. 

squamoMis, Sow Fn i y bn dg0 Yorkshire. 

VeneriCiirdmGohtius.i v. Alberti Koltwtil. 

Saxicava Hlainvillii. Iiieu .... ? 

V onus inula, G Marh.irh. * 

• • • Durham. 

Mnctra'? tpgona, G D.ltn • 

A Kin us obscuriis, Sow Yorkvlmo, Durban!. 

Astarte So<I« Wlfc.'-x, Nuithumk. 

Area inirquivalvis, G Froiideiihtudt. 

tumida, Sow . . . Dm hum. « 

('.ucullrea iniuutu, G . ^ Vdlingcn f 

* sulcata, Sow Ditto. 

• • 

An uncurtain bivalve shell is found in the rothetodteliegende at Mansfeld. • 

* ( Murshach.MichclKt.uU 

Mutorv.yona, Phigiustoma lineatum, Sold Wiirtemberg i berg JG ireuth V’t ci ' 

l nmr. 

striatum, Schl Very common. 

rigidum, Schl Jena. « 

Levigntum, Schl Mnrslvteh. 

* ' f Gottingen, Gotha, 

pnnetatum, Schl ) Weimar, Baireuth, * 

1* ( TouloH. « 

?s «'k - n ti». 
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Fumtly. Name. Locality in Keuper. Locality in Muschelk alk. 

Mesomyona. .Aviculasociali*, Sclil.. ..t.... Sulz on the Neckar | ^^tnbuted^^ Domptail. 

subcostatu, G Ditto W’iirtemberg, Baireuih. 

lineatu, G Ditto. 

crispata, G Fried rickshall. 

Bromui, v. Alberti Villingen. 

costata ....... Sukbad. 

gryphaeoides, Sow Durham. 

Posidonia Keuperiana, Volts . . Swabia, Ilall. 
minuta, Alberti Hottvvcil. 

Ostrea ? . . 9 . . . . V • * Whitby. 

placunoideskM ii n Bttireuth. 

Bubanomiu, Ditto. 

renitiirmiH, M Ditto. * 

diffurmis, Sold W iirteniberg. % 

mnltirostata, M AViirzburg. 

# complirata, (j Baiu-uth, Villingcn. 

decemcostat.i, M Haircut h 

spondylouiew, Sclil Veiy gcnerul. 

comta, G Kottwcil. 

, ,, , , l Bourhonne les Buhia, 

|.1p.|n)i)tclltM, Sclil \ Limi'Vllle. 

Gryphoja •* prisci, G \ ilhngen. 

Pecteu reticul aid's, Schl Gottingen, Gotha. 


Loculitv in 

Liuu-Ume. 


Alb rti», G V illuig«*n, Kwlersdorf 

, • ( Wiirtombeig, Dai- 

In vipatns. <, \ Tenth, Gulli.i. 

...{ 


\Y iii temberg, Pohlcn, 

&c. 

Diirrhcim. 

Holt we ll Rot t weil. 


Terebratula communis, Hose.) 
vulg ct subrot. Schl.. } 


discitos, Schl ...... 

Perna votusta, G 

Brachiopoda .Lingula tenuissuim, Bnum - 

Orbicula speluncaiin, G * Gliicksbrimn. 

/Gottingen, WUrtem- 
I berg, Limeville, 

* * * ’ * ’ a Bourhonne les 

( Bains, Toulon. 

pcrovnlis, Srftl Jena. 

sufllata, Schl Ditto * ? f 

orbieuUtrt, Sclil Near Jena. 

crislata, Schl Brtp^en. 

4'Iongata, Sclil 

comphiuata, Schl Gera. , 

intermedia. Schl Kripscn, Nchmerbach. 

intl.it. i, Sold D.lio, ditto. 

lactinosa, Schl * Ditto, ditto 

paradoxa, Schl 

pelargmuta, Schl Ditto. 

• f l.einmtcin near 

pygiaa a. Schl { Sclimulkaldeti. 


several li*^ 1 . . . . 

Dclthyris, ‘•pinicr, Sow. . 
aenueim^.iris, G. 
trigonal k, Sow. . . 
imdolatus. Sow. . . 
multiplicatus, Sow 
mi imt us, Sow. . . . 


Durham. 


I 


Viiluigen. 


Lcptaciii^ or Product a ) , 
uculeata 




hpeluu 

rugosu. 


spurns; 


ic.iria, Schl . . . . 

u, Schl 






pspma? Sow. 



Rdp?eu . 

Dm ham. 

Ditto. 

Ditto. 

rThalilter, Goddels- 
) heun, Biidingen, 
J Logan inn Queiss, 
l Duilum. 

Ilbpsen, Glucksbiunn 

RojIHfll. 


Ditto. 


N.B. A species of teiehratula^ is found in*tln? roth**todtehegende at Mansteld. 

The general result of an examination of the fossil conch ifera of the saliferous system, is, that in the upper 
strata a general analogy to the oolitic era can be recognised by the trigoniae, plagiostouvata, ostreoe, &c. ; and in 
their product® and s piriform the lower strata as distinctly claim affinity with the carboniferous limestone.* 

Gasteropoda. * 

Local’ll v in Pceeilitic in M- 


Family. 

UoioHtomata 


irm v ( 


^ Name. Loiidit> in Keuprr Loc.ility in Muscliclknlk. 

• Calyptraia discoides, Schl f • • \ ilhngen. 

CupuluH, or Pileopais \ l>it‘n * 

mitrauiH, CL y * * V * 

Dentalium tonpuitum, Schl. . . . . , . Gottingen. 

<-■** •• r’s-r""- 


Suuilutouo. 


gni'sun 
LinifMoiic. 
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Family. Name. Locality in Konp^r. 

Holostomata .Trochus albert inus, G • • • * 

Pleurotomaria ? 

Turbo P dubius, Miin 

? giganteus, Schl 

? 


Locality in Musehelkalk. 
Rottwei(. 

( Seewnngen,Riedern, 
( near Wuldahut. 

bewail gen. 


Turritella obsoleta, Schl. ... 

doperditu, G 

detrita, G. 

scaluta, Schl 

r* terebrahs, Schl 

Schoten 

undcscribed 

Melania. 

SolenostomataBuccimim turbilinum Sulz on the Neckar. . 

gregarium, Schl 

antiquum, G 


Weimar, Gottingen. 
Weimar. 

Culm bach. 

( Wiirtemberg, Rli- 
\ dersdorf. 

Weimar 


AY mt ember g, Soe- 
J wan gen, Ruders- 

l dort. 
llndcisdorf. 


Locality in Fopcilitic 
Satulstono. 


Domptail, Sulzbad. 
Sulzbad. / 


Sulzbad. 


Locality in Magnesian 
Limestone. 

Durham. 


Yorkshire, Durham, 
Derbyshire. 


Yorkshire. 

Durham. 


Geology 


Cephalopoda. 


Nam.*. Locality in MiiMdielk ilk. 

Nautilus bidorsatus, Schl. Weimar, Riidersdorf. Gottingen, Wurtemherg, Luneville. 

nodosus, Mun Fianken. 

Ammonites nodosus, Schl Weimar, Gottingen, Wurtemherg. Lorraine, Toulon, Tarnowitz. 


bipart it ns, (juill. 
semipartitus, Schl. 


}-• 


Luneville. 


Rhyiuholites Gfullardoti d'Orb., Jena, Gottingen, Wiirtemborg, Luneville, Rchamvillers. 
luruudo, 1'auv. \\ ortemberg, Luneville. 


These cephalopoda. are chaructetistic nf the imi^chelkalk. The ammonites belong to a section of lhat nu- 
merous genus, distinguished by peculiar sutures. (See Von Buell’s Essay on the subject of the sutures of am- 
monites. (Ann. des Set. Nat ) 

* Crustacea. 


Name. 

Pulmurus Suer a, Desm. 


Locality in MuacliHkulU. 
Villingen, near Saailwiick. 


Vertebra li a. 

Name. Lor.ililv m KcnpiM. Lotalil) in Musi*lw‘lk:.lL. I.ycdilj m Murium m Limestone. 

,, . f Scidmannsdorf, Neuses, Sei- ) tl 

U ' ] ' ei - { d,ap.taiU, dmi Cuburg. ... } " a,rc ’“ h - 

PabriithrjsMim. Blnin. 

P in ;cn»c« pli.dum. HI.. Mans fold, Durham 

magnum. HI Ditto, ditto. 

lmvijinlohum. HI.. Ko'heeburg, near Autnn. 

inacr.ijiternin, Hronu 1 hliringcn. 

p'irvum. Hi Rothenbmg, near Autnn. 

Llennicnles', Hall M misfit, Id. 

elogans Durham. 

FreislebcuiM'. HI Mansfild, Hesse. 

St' .imateiis major, HI # Hesse. 

gibbosus, HI North of Germany. 

Clnpr.i Limetheiii, HI... f Eisloben, 

? Seefeid in Tyrol. 

dwtodon Durham. 

Other fishes Seefuld, 

Teeth ot Squubts R.ija Wurtemherg. Wurtemherg, Rudrrsdoif. ^ 

The^e remains of fishes lie in marl or copper slate at the bottom of the zeehsteiu and magnesian limestone 
format ion. 


Name. Locality iu Keujier. 

Phytosaurus cylindricodon, Jwg. . Boll. 

culycodon, Jicg Ditto. 

M.iwtodonsaurus Ja'g(*ri y TIoll., . G ail dor f. 

Ichthyosaurus Lunvvilleums Wiirtemberg 

Plesiosaurus . * Durrheim 

Crocodilus * 

Monitor antiquiis, Cuv 

Large saurian 

- • 


Locality in Muschclkiilk. Locality iu Magnesian Limestone. 


Luneville, Wurtemherg. * 

W lirtcmberg, Baireuth, R ii dersdorf . 

Ruderadorf. 

♦j J Mansfeld, Rotbenburg, GlUcks- 

* ' * * l brunn. 


Luneville. 

f Ditto, Birullochor, and Luineck- 
\ erlmrg 
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Pl an k** Marine. • fi ; wholly »on fined to the zeclistein. 

Cryptog&mia 23 ; of which hix are stated to occur in other systems of strata. 

Gymnospermia, &c 17. 

Zoophyta ... Poly puna 7 ; all confined to the zechstein group; one found in another system of strata. 

.... laria 7 "> confined to the inusctielkulk and zechstein ; one repeated in carboniferous limestone. 

Articulosa.. . Anmdosa 21 . , „ 

Cruntucca ] ) 111 ""UchdJuJk. 

Mollusca. . . . Conclufcm pkgymyona 32 ; eight of these occur in England in magnesian limestone. 

mesomyona 32 ; three of these occur in England in mugnesian limestone. 

hrachiopoda 28; eight of these occur in England in magnesian hmestoue. 

Gasteropoda liol«tornata ... 17 ; four of these occur in England in magnesian limestone. 

solenostonmta. 3. 

Cephalopoda. . . . . % 6. 

Fishes 15 ; four occur in England in mugnesian limestone. 

Reptiles 9. 


205 ; of which about thirty occur in England in magnesian limestone. 
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Disturbances of the. Saliferous System, 

In England dislocations of a very extensive* nature 
are but rarely exemplified in strata more recent than the 
coal measures. It appears that this part of the surface 
of the Globe enjoyed a long and rarely interrupted im- 
munity from those violent agencies which had previously 
shaken its strata into such disturbed positions. A few 
faults in the magnesian limestone range of Durham and 
Yorkshire, ns along; the line of the gioat whmdykc 
through those ( 'on uties, in the country between I)on~ 
castet and Ferrybridge, and South of Doncaster, may 
be mentioned rather as exceptions to the general mb*, 
effected in some indefinite poition of the long; period 
succeed in" 1 the deposit of cord; and the curious parallel 
faults of Aust cl iff on the Severn, which a fleet both 
the has and red marl, deserve attention, in connection 
with the law formerly laid down of faults underlying 
depressed portions of strata, (p. fill.) 

Neither on the Continent of Europe are the dislocations 
of the saliferous system so remarkable as those of the 
older strata. In the Vosges mountains we have, how- 
ever, a splendid example of a dislocation on a groat 
scale, by which, in u direction North East and South- 
West, tlie lower strata ol this system (gits des Vosges) 
are thrown up into bold mountains, while the upper 
beds of the same system (musehelkalk ami lumper) are 
left several hundred feet 1>ek>w the magnificent escarp- 
ment. In fact, it appears that this eruption happened 
* during; the saliferous epoch, after the date ol* the gres 
des Vosges, and betbre the musehelkalk and keuper 
were deposited. • t 

In the South-West of Brittany, in La Vendee, in 
Morvan, De Beaumont describes dislocations which ap- 
pear to hav^precedcd the lias ; und from observations on 
the Buhmerwuld and Thuringervvuld it appears that the 
elevation of thesc%j*anges of mountains followed the 
saliferous epoclu and preceded the lias and oolites. Of 
the same era are some dislocations defining the primary 
ranges near Availon and Aiitun. 

Several cases, then, appear to show unconformity and 
interruption of continuity between the variegated marls 
and the oolitic formation above. But these arc but local 
effects ; parallelism of strata generally prevails between 
these contiguous systems, indicating freedom from gene- 
ral disturbance^ and in some instances, especially in So- 
mersetshire, the frequent changes of colour in tie upper 
• red marls, and finally the interposition of a purple or 
black marl, which is not more related to the lias than to 
the saliferous system, appear to show that even in the 


nature of the deposits there is no more decided difference 
between them than between any other successions of 
strata. * 

Oolitic System. 

The oolitic system of strata has for the most part its 
ranges parallel, and its declinations accordant to the 
saliferous rocks, and was deposited in the same marine 
basins The general character of the rocks, and the 
mature of the organic remains is however extremely 
different, but the change from the one system to the 
other, though seldom to he called gradual, is accom- 
plished by lemnrkable repetitious. In particular, the 
musehelkalk of Germany and France repiesents, even 
in mmcrulogical characters, hut most decidedly in it^ 
suite of organic exuvia*, the lias, which is at the base, 
of the oolitic system. Through all the mass of the 
nob. ic system, consisting of various limestones einvs, 
and sands, the most renunkable repetitions occur. l*he 
mass of has contains beds very nearly approaching to 
the ferruginous inferior oolite; three or lour separate 
beds of very similar oolite, several beds of sand and 
sandstone also remarkably analogous, and many thick 
strata of clay hardly distinguishable except by their 
organic reliquiii*, make up this vast aigillo-urenaceo- 
calcareous mass, of which the top changes, by repeated 
introductions of green sand layers, to the real cretaceous 
system, as the bottom has been before shown to be con- 
nected with the saliferous group. 

The composition of this system varies much in diffe- 
rent Countries of Europe, a&ording, probably, to the 
differences of depth of the original waters, proximity to 
land, to mouths of ancient rivers, &c\ In consequence, 
while on the border of Svvisserland it is almost wholly 
calcareous, in Westphalia and in England its limestones 
are much intercalated wit It eluy, and occasionally with 
carborfdorous sandstones and shales, hardly to be dis- 
tinguished from those of the older coal strata. * A re- 
iTiarkable absence of metallic substances is a character 
of the calcareous portions of this system (excepting the 
lias) in all its extent. 

The most distinct classification of the oolitic system 
will be obtained from the combined section of the Eng- , 
lish series ; for though the total thickness of the deposit 
is perhaps greater in the South East of France and in 
Swisseilaml, the number of divisions is there Jess, the 
mass more uhilbrmly calcareous, and the parts Ie^s cha- 
racteristic. 

Tile oolitic system of England everywhere admits of 
4 ai 2 • 
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Weal don forma- 
tion. 


Upper or Port- 1 
land oolite 
at inn. ■ 


3. Middle oolite or 
curuli me for-, 
inatioii. 


the following mode of subdivision, though in some 
tracts particular groups are concealed by unconformity 
or entirely wanting. The groups are placed as they 
occur in nature, or the scries is descending. 

V series of clays, sandstones, and limestones, 
mostly of fluviatile origin, and containing 
remains of land ami fiesh-water aniinuls and 
plants, deposited in estiumes or otlu-r local 
hollows of the really raanue puitiou of the 
oolitic system. 

Calcareous, sometimes oolitic rocks, associated 
with green and iiony sands, resting on blue 
day, altogether marine deposits. When the 
VVealden formation in absent (as happens m 
the greater number of instances) tins termi- 
nates the whole system, and graduates into 
the cretaceous rocks above. 

Consisting of oolite and other limestone stiata, 
included in calcareous giitstones, and rest- 
ing on blue clay and calcareous gritstone : 
altogether marine deposits. 

* Consisting of two or more strata of oolite, 

Lower or Hath with other calcareous beds, and alternations 
oolite forma-, of sands and clays, which m particular dis- 
tion. ( tncls enlarge thenisehes into real coal tracts. 

Altogether marine mid littoral deposits, 
('(insisting principally of uigilluceous days, 
more or b ss laminated, and including, espe- 
cially in the lower part, labels and nodules of 
gem tally argillaceous limestone, nnd in the 
ii} per part hands and sir .ta fen. ig. nous, 
calcaieous, and arenaceous, which Htiongly 
resemhie the bottom ot the luwei oolite for- 
mat ion. 

Oolitic System. 

' A further analysis of these formations presents us 
with the following details. 

IVndtl (/</// Tli.ik blue days, generally iLv 
ICote ol organic remains, exce; t in ceilatn 
calcau-ou'- beds, winch contain flesh' water 
shells. 

Hushmj* sands. Th.ck rules of sandstones, 
with pai tings of clay, and suhoidmate beds 
of limestone, with bones of saunans, tlo- 
vt.ilile shells, and laud phials. 

Pnrlurk /•*</.?. B'ue clay s and laminated 
limestones with tluviatih* shells. 

Portland oo f i(r. Oolite and o.othy and com- 
pact limestones with unuine shells, and 
layers of nodular chert. 

Shoh/vir sand. Calcareous sand and concre- 
tions. 

l\unnu rtff/r • lay. Thiik blue clay, hituTni- 
nous, with K'plana and marine remains, 
and especially m the lowi r part, hands of 
s andf cuiicietions, tlms establishing a gra- 
dation to the next system. 


1. Lias foi .nation. 


§ 


fj. Wi ahlen forma- 
tion ot Kent, 
Sussex, uml 
IIan»p.shue 


Upper polite, 
format am of 

Poll land, Wilts, 
Links, Ueiks, 
&c. 


3. Middle 
oolite forma 
tion of Ox- (j 
ford, Beik- 
shire, Vork- 
fahue, & c. 


P 


i-.i 

■e 1*1 


H 

o 

n 
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2. Lower 
oolite fori 
tiun m Glou- 
cestershire, 




Lias formation 
in Yorkshire, 
Nortliampton- 
slme, and Sn- 
imi&etslmc. 


tapper calcareous grit, with marine fossils. 

Coralline oolite, no named from two or three 
separate beds of irregular occurrence, rich , 
in zoophytic exuviae. In the lower part 
the beds alternate with those of the next 
rock ; all of them contain marine exuviic. 

Clay 10 feet Lower calcareous grit, with 
marine shells, graduating below into the 
Oxford clay. 

Oxlord clay, with septaria, fossils, &c. ; the 
lower part a subordinate bed, called 

Kelloway nu-j , which i.s a calcareous grit, 
(rarely oolitic,) very ricli in fossils. 

Blue clay d/hhng Kelloway rock from tho 
cornbra/i. 

C’ornhrash limestone, a coarse, shelly rock of 
variable uml small thickness, but remark- 
able continuity. 

fiaml with conditions of hand- 
stone and nodules of fissile aie* 
iniccoitN limestone. 

Coarse shelly oolite, m some places 
slaty. 

Pandy clay or grit. 

Blue day. 

A calcaieous and mostly oolitic 
rock, of \aiiable thickness aiul 
changeable nature, the upper 
beds shelly. 

\ senes of marls and clays with 
included beds of soft marly or 
sandy limestones and shells. 

A coaise, often very shelly rock of 
limestone, ii regularly oolitic, 
occasionally intei laminated wuth 
sand, especially m the lower part. 
Feriugiuous sand with concretion- 
ary masses of bandy limestone 
' and shells 

Upper lias clay or shale, full of belemnites and 
otliei fossils, intercalated with or graduat- 
ing to the sand above, and in some cases 
containing nodules and hands of limestone. 

Mailstone. A Mule of calcaieous, sandy, and 
ii oily beds, very rich m fossils, and much 
analogous to the lowest bed of the lower 
oolite formation 

Lower Las clay or shale, full of fossil re- 
mains, intei lanunati d W.»h l ands ami no- 
dules ot limestone, especially in ihe lower 
part, where u colleetinn of these layers con- 
stitutes the has rock. 

Luis rock. A ‘■oiteof laminated limestones, 
with partings of clay, blue, grey, and 
white, the humor in pm ticular eontainmg 
gry plates and other shells; the latter 
usually devoid of organic mmiiiiK. This 
rock is sometimes consolidated into u united 
muss, mid sometimes divided into separate 
poituuM. It rests oil the led murl m tho 
North of England, aiul/ui blue, black, or 
purple marls, which covei that formation 
m the South oi England. ■ 
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ot The 1 ins formation is observed on the Southern coast 
h ib. of England, at Lyme Jlegis, from whence pussnig*undcr 

the unVonhnrnable green sand of Bluckduwu, and sur- 
rounding the irregular elevations of carboniferous lime- 
stone in Someisetslure, it ranges uninterruptedly by 
Bath, Gloucester, Leicester, Newark, stud Gainsborough, 
to the llumbcr. At this point the course of the oolitic* 
t system is very qpich narrowed by the overextension of 
the chalk ; and at Bishop Wilton the chalk rests on the 
t lowest part of the lias formation, which has a superficial 
breadth of only a few yards. It, however, expands 
again towards the North, and shows itsdlf very com- 
pletely developed on the coast of Yorkshire. Detached 
portions of this formation accompany the saliferous 
system in Glamorgan. shin?, and lie unconformably in the 


hollows amongst elevated ridges of* ;arbonifcrous liiAe’ 
stone. ^ 

Through t he whole of this range some general physi- 
cal features, almost constant niineralogical qualities, and 
prevalent species of organic rcliquue, fix such a decided 
character upon the lias formation as to establish a good 
geological horizon for the guidance of the English, ob- 
server. 

The country which it occupies is in general a broad 
vale ut the foot of the escarpments of oohte, and termi- 
nating Awards the red marl by a very connected range 
of uniform low hills, A considerable portion of the * 
steep slope of the oolite escarpments is occupied by the 
lias ; and in the Midland Counties, particularly, owing 
to the action of currents of water, detached portions of 
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Geology. oolite crown the summits of many msululed masses of 
< h R* the upper lias shales. # 

From the coldness and stiffness of the soil, much of 
the surface of the lias clays remains in pasture, for which 
it is particularly well adapted ; and where the plough 
lias in former times been employed, the laud is thrown 
up into very high ridges for the sake of surface drain- 
age. Water is scarce in this tract, and, because of the 
abundance of pyrites, often sulphureous or ferruginous, 
or impregnated with purgative salts, as sulphate of soda. 

A general tendency to unL argillaceous type belongs 
even to the limestones of the If^s formation, and its clays 
tnoic frequently exhibit a schistose structure than the 
other clays of the oolitic system. Layers and masses 
of jit are frequent in it, especially in the Northern part 
of its course ; pyrites is one of its most abundant pro- 
ductions, especially in connection with ammonites and 
other shells, anil sulphur in some parts is so prevalent 
as to furnish a valuable inaimfactiuc of alum. Many 
frnittes trials for coal along the line of the lias clays 
are upon iccord, to serve as a warning to those unac- 
quainted with Geology. # 

Very remarkable organic exuvia* belong almost 
equally to e\eiy pait of the English lias. Skeletons of 
saurian and chelonian lepliles, sc feral species of scaly 
fishes, abundance of ammonites and helemmtcs, plagi- 
ostomata, gryphasT, &c. and considerable quantities of 
the wood of conifeious trees, enable the Naturalist to 
form \erv reasonable views of the state of the ancient 
land and sea when this formation was ill progress, and 
sene not only to identify it ii\ all parts of England, but 
even o\er a large part of its extent in France and Ger- 
many. 

Now", iheiess, there are important geographical pccu- 
1 1 .li it it’s connected with the lias of England, which de- 
M*r\e a short analysis, the better to enable us to pereei\e 
(he ei, cmnslances under which the ancient sedimentary 
dcpos.ls ot the sea took place. 

■ I* 11 The section ol the has, as it exists in Yoik-dme and 

,i\. tim-. Lincoln 1 *' lu re, is peepliaily instructive and complete, and 
tonus an excellent type with which 1o compnie the de- 
tached pm lions ot* the formation in Noiih Hiilain and 
the South ol England. Wo .shall take the groups in 
the ascending older of the if antiquity. 

Lias limestone. The calcareous beds included in this 
jlivision rue in the Nmth ol England \cry distinctly 
divided into two or more portions sepaiated by consider- 
able thickness of clay. 

• I. The lower limestone. It) to*20 feet thick, is not 
tiaeeil further Ninth than the J lumber. It consists of 

. compact blue or grey limestone, generally laminated and 
shelly, with flirtings of whitish clay or marl. It reds 
immediately upon ih^red marl and gypsum. 

2. Clay, 50 to 1 Ot) leet, with layers of nodules, often 
septariaV, full of*pcntacrjiiilcs, ammonites, plagiosto- 
inata, &e. * 

15. Upper *lias limestone, 12 to 20 fetl, in rough, 
shelly, coarsely laminated beds, separated by partings of 
day. 'Flic colour usually blown, but in wet pits and 

• Lh fore exposure to the air internally blue. But the 

most remarkable character of these beds i.\lhe astonish- 
ing abundance <4 gryplnpa incurva which they contain, 
or rather of which they almost wholly consist. #n se- 
veral parts of Lincolnshire the roads are mended with 
tfie most beautiful specimens of this fossil, and for miles 
together hardly any other' shells can be collected iiom 
tins part of the lias. * * 


Lower lias clay or shale, 300 to 500 feet thick, a Geology, 
dark homogeneous clay or shale, with many layers of Ch.1l. 
argil lo-culcareous nodules, seldom containing shells, '*~*'/**-' 
and in the lower part rough sandy beds. Coniferous 
wood, pentacrinites, plieatulsc, gryphaja Maccullochii, 
pinna folium, and several ammonites, &c. occur in this 
stratum, but in it organic remains are not particularly 
abundant, and neither belemnites, terebratulie, nor du- 
rians are so plentiful as in the beds above. No alum is 
made from this part of the has shale. 

Marlstone sciies, 100 to 150 leet, consisting of highly 
arenaceous shales, and laminated sandy limestones of 
brown, greenish, or grey colour, succeeded above by se 
veral bands of nodular ironstone, the whole series par- 
ticularly abundant in shells, besides producing beautiful 
stellerida, annulosa, and fishes. Several species of 
terebratulie, cardiuni triincatum, dentulium giganteum, 

&o. appear almost confined to these strata, which like- 
wise contain grypli&w, |)ectmes, plagiostomata, terebrft- 
tula*, and modiohe, not distinguishable from the ordinary 
fossils of the oolite. The marlstone beds are in fact the 
first term of the oolitic deposits, interpolated among the 
last teims ol the lias, and, according as the clay above 
them is attenuated or developed, tiiey may be ranked 
with the oolitic, or the lias ibrmatioii. In the North of 
England, the former mode of arrangement tnust be 
adopted, but in the South, the latter lias been often fol- 
lowed. 

The upper lias clay or shale, 50 to r?00 feet in thick- 
ness, is the aluminous rock of Yorkshire, and passes by 
intermixture into the marlstone series below', and by a 
gradual change into the analogous sandy beds of the j 
oolites above. 

Jt contains a multitude of layers of argil lo* calcareous 
liodidcs mostly aggregated round ammonites and other 
organic bodies, and these are particularly remarkable 
and of larger size in the lower part of the shale, which 
also is much harder than the rest. A profusion of am- 
monites, belemnites, and nautili, accompanied by uw- 
inke, inoccrami, umphidesmata, &e , besides abundance 
of ichthyosauri, and plesmsami, jet. and remains of co- 
niferous wood, enrich this inleief-ting rock. Its thick- 
ness is vaiiable, amounting lo 200 feet on the coast, but 
diminished to 50 feet, or even less, in some of the 
('lev eland lulls, where also the usual smooth homoge- 
neous texture of aluminous shale is changed to a decid- 
edly sandy composition. 

Proceeding to the South, we fitnl the characters of the Lias in the 
lias lot ination ot Yorkshire maintained with consider- AIullaixl 
able exactness through the Couyti?H of Nottingham, Uouutnrs. 
Lincoln, Leicester, and Rutland, into Oxfordshire. The 
section l*i oin Lincoln to Gainsborough shows clearly 
the upper lias clay, marlstone group, lower lias clay, . , 

gry phite*limestone, and laminated limestone, all su- 
perimposed on gypseous led marl. In the \nlP of 
JleKoir, likewise, ihioiigh Rutland, and as far as I'lie ' 
cent i e of Oxfordshire, we have the lower laminated 
limestone (1.) surmounted by a thick clay, (2.) in which 
lie gryphitic beds peculiarly shelly, which Alr.^'ony- 
bcare calls irpp^r has beds, and which correspond to • 
the gryphitic beds of Lincolnshire. Still higher, are 
becks of green or brow n marly sandstone, with tciebra- 
tula?, peetines, belemnites, and other shells, which are 
always ferruginous, and, in Rutland particularly, lami- 
nated and entirely similar to some of the mailstone 
beds of Yoikshire. Above these, in the same trac ts, lie 
100 or even moit feet of clay, -often forming insular 
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hills between valleys of marlstoue, and upon the whole 
the ferruginous sand of the inferior oolite. 

If any dcubt has at any time been raised as to the 
real distinction in this country of upper lias clay, marl- 
stone, lower lias clay, and double course ol lias lime- 
stone. it has probably arisen frpm the extreme resem- 
blance of the ferruginous marlstoue of the Vale of Be! voir 
which divides the upper from the lower lias clay to the 
ferruginous sandstone which is the general floor of the 
oolitic rocks. In Rutland, however, the distinction is 
perfectly evident. 

Liasoftho Through Oxfordshire and Gloucestershire the upper 

CottswoM. t i a s clay coupuually becomes thinner, and the marlstoue 
beds in consequence approach nearer to the sand of the 

* inferior oolite. It is no wonder, therefore, that they should 
be in these Countries sometimes confounded. Rut the 
section of Paiuswick Hill, near Stroud, adduced by Mr. 
Conybeure. ( Geology of England , p. 252.) sufficiently 

* proves that the same principle of classification applies to 
the lias below the Cottswolds.as well as to the N urth-East 
moorlands of Yorkshire. In fact, by merely taking the 
argillaceous beds which in this section separate the 
sands of the oolite from those of the marlstoue, and 
calling them upper lias clay, the accordance with the 
Yorkshire section is perfectly evident. This question 

• lias been effectually settled by Mr. Lonsdale’s recent 

and most valuable investigation of the Oollstvoids. That 
excellent observer lias clearly established the identity of 
the lias system of Gloucestershire with that of York- 
shire, in general terms ; at the same time defining the 
amount of topographical difference which principally 
affects the upper lias shale. 

' In the Southern parts of Gloucestershire, and in the 
vicinity of Bath, the upper lias clay becomes still more 
attenuated, and the mailstone beds more divided and 
snixed with the clay. Mr. Smith gave the name ol imul- 
stone to the laminated stony beds full of pipelines and 
other shells winch arc found m the Somerset canal and 
other places, twenty feet or less fallow the sand of the 
inferior oolite, as may be noticed in ins sections. In 
several places, these beds, from the deficient*) of the day 
above, are brought nearly into close contact with the 
sand of the inferior oolite. 

Whether this distinction of marlstoue beds can be 
carried further South into Dorsetshire does not yet ap- 
pear. 

From Mr. Lonsdale’s Essay in the Geological Trans - 
fictions , wc find the li*s limestones to be thus arranged 
in the descending order. 



Blue lias. Consisting of feds of grey .sh argillaceous linns 
stoni!, varying in thickness from 2 to 18 inches, and 
separated by otheiN of blue marl which are generally 
less than b inchei thick, hut sometimes more than 2 feet 
White lias. Thin strata of yellowish white argillaceous 
lipiedoue, with parting* of pale brownish clay ....... 

Lias lowei marl. Daik gicvmarl with calcareous concre- 
tions ’ 


Foot. 


50 to 60 
JO 
2b 


Organic remains ol ammonites, belcmnites, pectens, 
oysters, &c. though most abundant in the blue lias, are 
more or less diffused through all the beds. 

Combining the section ol the North of England with 
Mr. Lonsdale's and Mr. de la Beche’s sections of the 
lias in the vicinity of Bath and Lyme, we shall have 
the following general table of the complete type of the 
English lias. 

1. Upper lion clay, marl, or shale. .Upper 1ms shale. (l s hill»j>H.) 

2. Marhtune beds. 


Middle i; QU »i. v /Upper lias marl. ('Lonsdale.) Geology 

3. Middle lias clay \ Lower u M ahalt) (Phillip*-) Ch. ft 

f Gryphitic and laminated lias of 1 ^ u 

4. Lias limestones and marls . . .1 North of England. v 

I Blue and white Uas of Bath. 


5. Lower lias marls 


.Of Lyme Regia and Bath. 


These lower marls are thus described by De la Beche, 
at Culverhole, near Lyme, (section descending.) 

Ft. In. 


Dork marl 3 0 

Earthy dork gray limestone . , • Jl 0 10 

Bark grey slaty marl yv 5 0 

Irregular light grey limestonf^; 0 10 

Dark slaty marl 1 4 

( '(impact grey limestone 0 10 

Dark slaty mail, which rests on the light bluish green lieds 
belonging to the upper part of the new re^l sandstone 
system 7 0 


Total... 18 10 


Mr. Murchison’s Memoirs on the Oolitic Deposits of Lias in 
North Britain , most clearly prove the existence <n(yvell- North Br 
characterised lias shales, much like those of the York- ta ‘ u * 
shire coa^t, in Pabba, Skye, and other of the Western 
Islbs, and the organic remains which he collected there 
are of the usual English types. Lias occurs also on 
tlie North-East conr.t of Ireland, as at the Giant’s 
Causeway, with ammonites and beleniuites. 

The has in South Wales is a singular extension of 
the formation among the dislocations of the older carbo- 
niferous system, neaily analogous to its appearance 
among the sandstones and slates of Scotland. The 
Valley of the El), in South Glamorganshire, exhibits 
several nptiilmgs of lias, commencing about five miles 
West of Lundall, whence, with some inter) upturns, they 
accompany the Ely to its junction with the Channel 
near Poniuth Point. It again appears in Barry Island, 
and continues to skill the coast in a Westeily direction 
nearly to the mouth of the Ogmore river, forming a 
range of bold dill’s, among which is the little haibourof 
A ben haw, celelnalcd for the lime which it exports. 
(Conybeure, (uolagy of England.) 

We may now turn our uticuijon to the general types Liiom 
of lias presented in the North and South-East of France, Eram-ioim 
and m various parts of Germany. Gemuiu 

As in England, so gem rally in these Countries, the 
lias is deposited conformably to the saliferous system, 
but in Brittany and around the plateau of pi imary rocks 
in ceutia! Fiance, especially about Autun, the oohtid 
system often touches the granitic series without any 
iiiln portion of red vandsloncs. In the district which 
borders that plateau on the East, between Chalons and 
Autun. the oolitic rocks are considerably developed 
with lias at the bottom, and all based kpon gypseous 
red marl ; full the lias clays arc here almost wholly de- 
ficient, and the formation consisU^Vmly of the gryphitic 
limestone, with its partings of clay., The abundance 
of g-vphiea incurva, and other characters of the stone, 
strongly remind the traveller of the analogous lieds in 
Lincolnshire. The lias and oolites are so closely allied 
that Desnoyers, in his description of this tract, hesitates 
even to distinguish the former as a fourth stage of the # 
calcareous or oolitic system. * 

South of Ihe Ardennes mountains by Luxemburg, 

Metz^ and Nancy, the lias exhibits '’more developed 
characters. Immediately upon ihe Keuper marls rests 
a considerable bed t .of sandstone, white, yellow, or rarely 
brown, sometimes solid, and sometimes friable; gra- 
dually passing 'into tlie lias- beds above. From its 
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Ouology. abundance under and around the fortress of Luxem- 
Ch.ll. burg, it receives in that Country the liutne of grfo do 
Luxemburg. 

The proper gryphitie lias limestones succeed and cap 
most of the plateaux of grit. The beds are bluish 
and compact, and alternate with grey friable marls. 

Above are grey marls and marly grits, which cor- 
respond to the lias clays and marlstone of England ; 
and these are followed by the ferruginous sandstones 
which lorin the general # flool of the oolitic system. 

In Wiirtemherg, and, perhaps, generally on the Ger- 
man side of the Rhine, the li^s has more of the cha- 
racter of the English series both as to mineralogical 
composition und organic remains. In particular, the 
snuriun reliquia^ so abundant in the lias clays of 
England, are all found in those of Boll and other parts 
of Wurtemberg, and with some additional species have 
been described by M. Jliger, of Stuttgart. Fine spe- 
cimens of saurian animals occur in many of the mu- 
seums along the Rhine. But, perhaps, the most 
remarkable accordance between the series of Germany 
and that of England, is observed at. Ranz near Cobujg, 
where the Maine crosses the Northern extremity of the 
Franconian range of oolites. Here Mr. Murchison has 


observed the following section. # 

Sandstone cap of the Iia*« ................. 300 feet thick. 

I’ppcr has shale of Yorkshire 40 

Marls and marlstonos lf»0 

Lower Inis shale, with compact has and am 

infinites Ilnwkerensis, near the top 300 


(irifslono 

Kenper formation 


At this place the most astonishing profusion of 
•-am ums, fishes, Crustacea, ammonites, nautili, and he- 
lemmtes, as well as pentacrini, gryphites, and other 
fossils, occur, and many of them remarkably agree as lo 
their place in the strata with the airangement of the 
same species in the beds of live coast of Yorkshire, 
r i Svusser- Lias shales occur below the Alpine or Jura limestone 
i*»‘d of Sv\ isserlanrl and ftavny, and occasionally, as at Mey- 
ringen, Bex, the Mont *,lon\ t produce some of the cha- 
racter islie ammonites and bclcmmtes of tlie English 
has. In the Valley of the Arve, in particular, the ar- 
gillaceous beds of lias are Fhimenscly thick, and owing 
to the igneous agency, once so powerfully excited be- 
lyeuth tlie Alps, have a schistose character strongly assi- 
milating them to the primary slates. Whether the 
slates of the Valorsiqp belong to the same era is, per- 

• haps, not yet ascertained ; but if this should be proved, 
the vegetable remains which they contain, being identical 

• with those of tl^e carboniferous epoch, would indicate 
that these regions enjoyed a partic ular immunity from 
the causes which, in ^11 other instances yet examined, 
hail wholly destroyed tfie plants which grew in the car- 
boniferous epoch, fnd covered the earth with cy carle ae 
and other entirely new types of vegetable life. 

Lower Oolite Formation. 

The uninterrupted range of this formation through 

• Dorset, Somerset, Gloucestershire, Oxon, Northampton- 
shire, Rutland, and Lincoln, to the banks of the Humber, 
may be seen on th%Maps of Mr. Smith or Mr. Greenmigh. 
Beyond the Humber it is concealed for a short distuice 
breath the overlying chalk, but emerges again, and oc- 
cupies a vast breadth in the Eastern part of Yorkshire. 
In Sutherland, and in some’ of the Hebrides, and particu- 
larly in Skye, it inis been traced by Mr. Murchison. 


It occupies, through all its course in England, an Oeotoey, 
elevated range of hills with bold escarpments to the Ch. IE 
West or North-West, a gentle slope to the East or v— 
South-East, and deep valleys of denudation which often, 
by descending to the lias clays, furnish most complete 
information us to the relations of the two formations. 

The surface of the calcareous portions is dry and bare 
of trees, and wells sunk therein often reach a very con- 
siderable depth, while upon the alternating clays the 
soil is cold or wet, and, in general, much covered by 
woods. The fertility of the district is below the average 
of the secondary strata. The highest point of the range 
in the South of England is Cleeve Pipaid Hill, near 
Cheltenham, 1 134 feet above the sea, and in the J^orth 
of England, Bolton Head, near Ingleby in Yorkshire, 

J 4 8 5 fee t ; but in these cases about two-thirds of the 
height consists of the lias clays. 

The more ordinary altitudes of the oolitic range in 
England are 700, 800, and 900 feet, varying according 
to tlie Westward extension of the hill, the thickness of 
the base of lias, and the pile of incumbent strata. 

Certainly, this regular and continuous range of ^ scar l v 
oolites, with so nearly uniform an elevation of escarp- °** # 
meat, is one of the most characteristic features of 
English Geology, and furnishes matter for profound 
reflection. For like the paiallel, equally continuous ® 

and regular, and but slightly lower range of chalk, its 
elevation seems not at all due to local disturbances, but 
rather appears to indicate a general intumescence of 
the land in the direction of these ranges. The low vales 
of lias, Oxford clay, and Kirnmeridge clay, which inter- 
vene between the lower, middle, and superior oolite j 
ranges, have undoubtedly been caused, at least in part, by 
the erosive action of water ; but to whatever extent we 
apply this principle in explaining the present inequality 
oj the earth's surface, and whatever aid we receive for 
the established data of local elevation, these limited 
agencies always leave unexplained the general fact, viz , 
the regular altitude of continuous ranges of hills with 
uniformly declining planes, and no particular marks of 
convulsion, which overlook extensive Andisturhcd plaius 
of older strata. 

The vicinity of Bath, where Mr. Smith beyaii his 
important researches, furnishes the general type of the 
lower oolite formation ; and, with some modifications, 
the series ol strata here presented, as detailed by Mr. 

Smith and Mr. Lonsdale, is found to be almost univer- 
sally reconcilable with the phenomena of the other oolitic 
districts. The vaiiatiuiis observed arc principally caused 
by the interpolations of a larger proportion of arena- 
ceous, argillaceous, and carbonaceous beds, so as in ex- 
treme cases to change the calcareous section of Bath 
into a coal field, with subordinate beds of limestone. 

Such is especially the case in the Eastern moorlands 
of Yorkshire, at Brora in the Hebrides, and in The 
gor£le of the Weser at Minden, as observed by Mr. 
Murchison. 

The table of classification given above, will make 
known the order of succession of groups recognised in 
this formation, and we shall now proceed Jo point out • 
their characters and notice their variations more 
exactly. • 

The Sand which is the base of the inferior oolite group Inferior 
in the "vicinity bf Bath, possesses, in general, only a °°hte 
slight degree of cohesiveness, but m places passes into a ® rou P* 
friable sandstone. It is micaceous, of a yellow colour, 
and contains irregular courses of ndcareous concretions 



624 


G E O h O Cm Y. 


Geology, called sand burrs. nodules arc often aggregated 

Oh. 11. round ammonites and other organic bodies. 7 he tliick- 
| 1CsS of this bed sometimes amounts to 70 feel. 

The inferior oolite varies in thickness, in some places 
beiii"* 00 fed, in others considei ably less. The rock, 
Hcconlim*' to Lonsdale, admits of being characterised in 
three portions, the lower one GJcet, hard, oi a brown 
colour, abounds In casts of triguniie, lump, troehi, &c., 
: nd is seen in many sections reposing immediately on 
the sand. The coated muscles, as they are termed, are 
found in this bed, and the bed which in the descending 
cj uarries yields so immense an abundance of species is 
apparently obthe same date. The middle division, It Meet, 
i*s a rnbbly stone; principsall y consisting of ci y stall r/ed 
• cm Inmate of lime, through which tin* organization oj 

aMtrea 1 may be dearly traced. It is, tbenioie, a coinl 
bed, and as might lie supposed is of iriegular omir* 
re nee. 

, « The upper portion of the rock, lu In :>(» feet at the 

utmost, contains the workable freestone or oolite of this 
rock, the upper part, in particular, » *mn >t be Ge.fm- 
L’ libbed in specimens fiom the great oolite above. 'idle 
lower beds are more sandy, bnnvnei. and b*. • oolitic. 
Tin- fullers The fuller’s cm tli group, s,» muu‘*d f/om Use en urrence 
eartngimip \ n \[ limited beds of that substance, is a thick aigillu- 
* ceom- deposit with a f*w iuyirs u! noduhn hmesto'ie and 

induritcd mail, on-imni'i on the lull ‘C.lcs oi Lath, 
and distmcUv sepm nting the lidenor fiooi the en.it 
oolite. The following h Mr. Lonsdale’* Minima: v o! 


these beds. 

i i-i't 

f. Him* anil \ cl low clay with nodules of mtln^ m il mol 30 to -10 

3 l>a<l filler's c.ulh "» t<» f> 

‘J (iwud fuller* '» r nlli, hrm. n or him* LU to 3 

1 L'l i\ containing \n tls o t Sol I till *i's e nth .uni luwrs 
ut nodular limestone M’uiw i u e.uth r.a*k . ami 
milnr.Ued mail lull 


Tim The gicnt oolite roi k «oni.im\ besides the more pei- 

ijsilih'rnck feetly oolitic parts, winch hold few shells end furnish the 
best (uvshv.e. a gn*at numb not h* iK, m winch the 
nolii’o stiuct.ne i-> le i, s r\ id« nl or even wanting, and 
which are mme t\ les> filled with remains of shells, 
corallines, Av Thes * eon*’-.*r j'tiilioie of (In' luck he at 
tiie top and bottom, and en close the purer oolite between 
5 In’;/) 


The lower r:»gi consist of several beds of i oarse 
*-hel v limestone*- Iff to 10 feet ; the lowest bed of it 
v, inch rests on the fuller’s until group is fine-grained 
and scarcely oolitic. 

The oolitic becL m the mi Idle are very vnriahh 
in Uiudviv ard ipiditv. On t'oinle* Down I'm 
thickne-- amounts to Jfo h*et. Tie* 'tone 

when taken horn the ipiany is ij.ute soli, and holds so 
much water a, to be bca'en to a pulp by tin* hunmei. 
Alter being thoioughlv lined it will air- orb more than 
om^-sev »Milh oi its weight of water, but by lone, e\po- 
sHi'i i ^ £*‘ >Ws harder and less absoibent jt will not 
stand ^ u> st -‘* f bouj.*l) m the neighbourhood ot the 

ah it is u r\ »im able. 

quart icl - .... , 

r fdic JcPP* 1 *’ r<i r. s ’ '-if I o Icri, ■'consist ol nllernahng 
beds i,|V‘ wrs ' ; ‘belly limestone-, toh rnbly fine oolite 
ttMlw i . Vb, brown, argillaceous limestone. The shelly 


sand, long,, , . . 

i i Uusetl by (he 
liens were i. 


ic shelly 

Homans m their buildings at 
i> f . l ^ic thought to be verv durable, but are difli- 

..,* 1 , / ‘ J '\ U “'^tprne of these beds me toll of millc- 

, ,, %%'vj)i»ria iiiui S])ceics of echini, mid a 

>o, ;s an, I .,»l.er V'\‘ iva]vt . Jj t)ivilh . Tll( . v 

profusion of mnmte^W r a r - . , . ,, 

olivn cxl,il>it ilia, (>1 ,1I " " Ul! 


false beddme;, when the ingredients of the stone form 
layers inclined to the plain* of stratificulion. 

Tl*e forest marble i>iouji admits of the following' sub- 
division in a descending order : 


Fret. 

fi. (llay with occiUtioTinl ‘iiniina> of grit 15 

Ami at Norton St. Philip a layer of ruhhly indu- 
rateil marl alioumls with fragments of a small 
oyster unil tcrubiatula. 

5. S.iud and nodules, or beds of calrureous giilstone . . 40 

The Sami is reddish-yellow af white, pure or mixed 
with clay, or 1mm. Thi/grit stone, usually of a 
brown hut sometimes of a blue colour, exists in 
spheroidal masses wlu'h have a laminated struc- 
ture piuallcl to the stratification, and occasion- 
ally can lie split into Hags. 

Toe fracture ollen shows »himug facets of inte^^ 
jvosed carhouafe of lime tlrg.mie reunion are. 

ne rally ran* in these beds, sometimes particu- 
1 *i!v ahuudaiit. 

4 Clay with tluu slab-, of stone and lamina* of gji( . . 11 

3. (.’nurse indite oi •'belly bluest, an i forest marbb*) 
full ot li. igments ot wood and sheiU especially 
osImu’UikI pla^io .toni'it.i bones, b'r'h, ivc 'l'iie 
ir. i|oi*j|y of the bids have a lis-.de shuetme, 

.tiel cm ofte’i be splil into turn digs, os tiles, 
obhijne to the jd.me of sHulif.e ilion 
'I’lisn pullings o’ clay geneially dsvin the beds. 

Sand, os s.uidy cl <v .k’)d L r n f . 10 

I . Pule bb.e or gi *y cia\ , i rn Ihmii^ tbiu slabs oi fou/l» 
tnown'sli lime tone and l.vunne oi , .il.aieeus 
^ aji'lstime ot gut. Tin knes-, \ ai i i^le .. ... f< to 


10 


(tOlWi 

Ch.lt 


The forest 


maibli) 

gmup. 


Tin' cuTiibrnsh consist -, (»f numerous nibble beds of r p; it - 
course bmcslom. mixed with ibiv. nlingethei lo to I ;> bn* 1 
feet thick The beds oj rather iioduh"* nreextMinely 
nregul.il, and id different tolnurs, but they are |»tel(y 
lnn.bnnlv tompnsed of tough gi«iiml:ir lime* !> me, nud 
abound with lerebi atuhe, avieula ei iunata, lsoe.iidia, am* 
jilndesm'da, Cr 

in tr.KMii! the lowu oolde lormatiofi to the South 
friim tin* H ull di L ti ,i t , the inttieu oolite is tome! to be- 
eou.e moie tin rngnu/iis (Siiei home, ) and wuh it*- sub- 
jacent '-and to cap the h.r as thr a, Hiidjiort but tin* 
great oolite soon * thins out/ 1 while ’h" tmoi nimble 
group tbu kens mid I it conus jui-dobmi .ut. f I ’ i »< * corn- 
bra*'li rct.uin its usual ehaiaeteis and l».ss;is 

In the district lying \oiti' ot tip* lli.mhei t!*e lower 
oolitic system a-sumt's ei'i»nl\ new eh. ua-tus which 
will Jeipiue sepamte eo.iMflerat.on The beds seen m 
the imperfect exliibdioii of these oolites near t ave, 
where tlicv di\uh the lias from the Oxfoid * lav, *ire! 
the sand of tin. inlcnoi o ditc rmcrol b\' slielly and 
nohlu lads a coutu'mlion of ihv oolite ot’ lancolu- t 
s!nn\ am! a’ao\e them a linn hod ot pale blue c!uy\ 

They m e In* re inueti iii nmidicil m filed. ness, ami. though 
hmm to lime, soinewha! debused in pw*dy. On the 
banks o> the fJerutiit, the lias is sin mounted by the 
: nine simple sene with the addition of beds ol i'ako- 
reous flap/ tone nhove rurthcr ahpig tin* range, at 
Hraud by end W iganlboi pe, the senes i*-. expanded bv 0 ^j.», ■ . ■ 
the interposition of beds ol mudstone and “shale, with a y or) di'-’' 
tlun baud <d coal between the sand winch cips the lias, 
am! the shelly limestone w hieli fine represents the oolite 
of Lincolnshire Above the limestone inns a band of 
pale blue day * and upon this rest, a succession of ’beds 
of sand and sandstone, t nelosing spheiuida! concretions 
of caicaiemi'. sandstone with glistening’ facets, often 
hue m the centre and lull uf shells, some of which re- 
semble tlio^e of M,onesfield. Beds of sandstone, ''hid/, 
land earhoryaceous matter are also interpolated above 
this slaty rock, -The oolite here is hardly deserving- of 
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(jpulorjr. that name from its lithological character, for though this of the phenomena presented by the rag beds of oolite 

appearance sometimes presents itself, the greater gartof and coarse shelly beds of forest marble near Bath, and €h * 1 
tlie stone is a coarse, granular, shelly limestone, with still more the wavy surface and vegetable fossils 
imbedded shells. &l\ It is, in fact, the oolite of Cave some kinds of the sandstone slate of Ridge, Stonesfield, 
still “more degenerated. The series of sandstones and and Colly weston, will lead to the conclusion that Uteae 
shales with coal which here overlies the sandstone cap portions of the oolitic formation were deposited within 
oi’the lias, has been supposed analogous in position to the influence of the littoral agitation of the sea. (Mr. 

Scrope has presented a notice of this subject to the Geo- 


Low 1*1 oolite formation 

consisting of 


the fuller’s earth group of Hath, (the similar series 
which overlies the limestone beds corresponds to the 
interval between great noble and cornbrash,) and as we 
proceed Northwards both series increase immensely in 
thickness, so that the lower one reaches bOO feet, and 
the upper one 200 ; and as, frofn locul circumstances, the 
coal, though never more than Hi inches thick, is worth 
working, these moorlands assume the appearance of a true 
coal field, with •subordinate beds of very coarse shelly 
limestone. It requires, indeed, very close observation 
to trace the thin limestone beds across these vast moors, 
and amidst such a number of sandstone beds. They 
are best studied on the coast. The sandstone upon the 
has is here a variable rock ollon coarse* and fragmentary, 
sometimes with the characters of ordinary sandstone, 
but generally subealeareous, oehiaceous, ami lull* of* 
shells and easts. At RJueWnk. near Robin Hood’s 
Hnv, it presents a double band rf fossil-bearing beds, 
the lower one gradual i\ passing to the subjacent bus. 

The limestone appeal with different aspects at dif- 
ferent points linde* tinsthorp cliffs it recalls pretty 
evactU the oolite o» t ave, but at Scarborough, 1 ’lough- 
ton, llawsker, Micnlou, &c., it is a very differ* lit rock, 
coarse, ftaginmlary, and mixed with veins of earthv ami 
ai giii.ua'ous oolite, so ,e to be" v an e!v fit fo be burned 
to lime, in the Matinoml.de rlidV it is a double band, 
at W hitemd) A is fovered b\ cdearemis sandstone ^late, 
oj which glistening hint-, bLe those in the stone of 
lirandsbv and \\ ittei tug. o< cm Oidv one scam of coal 
•s worked in tin. di-hut, and it lies beneath the lime- 
stone. The c^rnl.ra* it appeals on the const, also, m a 
dt bused hid re* o*j nr able form 'flic In*- m 1 plants 
which accompany, the » o.d semiis and s imUtoues, may 
also be detected m the bmestoue- and * nlcnientis slates 
borfi vUt the const and at Ihamlsbv : and it is woil.hv of 
jiiithnibu utU'niion, that both at ( 'oils ucstuii and al 

Monexfield, several of these 1 . 1, oils occur in the slate, ns 

• 

biachyphvliii, tents, and cvcadiles*. \o mai me exiivhe 
haw* yet been found tn these co.il grits oi shale-., hul 
some bivalves r* sembimg anodon, which pci haps were 
swept down with the ferns, equisetn and eumleie, ;ue 
found at Giislhorp, *» In ‘-oumI pliers, a paitieuLo pint 
of the section of lower nubonilcrous sandstones, exhi- 
bits the rcm.uk. \ibV ph(*nomem»n of equiseta standing 
uregiilarh ei^M over considerable areas in a bed of 
sandstone winch test 1 - upon ‘■halo. 

Tl*s is, therefore, a coal field of the oolitic eta, 

producer) bv the liijei position ol vast quantities o( sedi* 
mentarv deposits brou: 1 . bt down by floods from t)ic Ityid, 
between the more exclusively marine strata of the mdi- 
nary oolitic tvpc. We may believe this to be a ea*-e of 
a littoral deposit o' oolite, and should naturally derive 
1 from that supposition, the debasement °f quality ami 
utU’miatiun of thickness of the shelly limestones, in pro- 
portion us the spoils of the land brought down into the 
sea were more aftundant. W ha lever the causes were 
vtfhieh produced these clients they were not entirely 
icLcai, The Yorkshire oolitic district js indeed the only 
tract yet investigated in Kngluud which exhibits these 
effects in a striking manner ; but attentive consideration deed requires more data, yet the curious fact of the 
VOL. vi. 4 n 


logical Society.) 

Another fact is important. The extensive additions of 
terrestrial plants and sediment are confined to the inter- 
vals between the sand which is the base, and the corn* 
brash which is the cap of the lower oolite formation. 

Mr. Murchison’s examination of Hrora and other Lower 
points hi Sutherland, and of the Western coast of oolites m 
Scotland, has proved the extension of the carboniferous Scotland, 
system of the Yorkshire oolites into these Northern 
regions, and it is interesting to observe that there, as 
well as in Yorkshire, the interpolations occupy the* 
same limited space in the section. 

The following short summary of the beds in these 
Countries will prove Ibis point: — 

Serf w?i of Hrora. 

Middle oolite formation I „ „ , , 

consisting of 1 4 •Ocar. uus grit nn.l Oxford cloy. 

* f Shelly limestones lepresenhng corn- 

I brash nnd forest marble. 

Alternations of sandstones, shules, and 
ironstones with plants 
Ferruginous limestone blue in the in- 
terior, with fragments of carbonized 
wood and abundance of shells. 4 

Sandstones and shales of great thick- 
ness in frequent alternations with 
plants, having m in c t/pprr part » k.> 
beds of coal, of which the uppet « 
one \r% d ft. ft hi. thick, the lower 
one, not worked, 1 ft. 4 in. 

Lias formation with fossils of the Yorkshire lias. 

North-East Coast, I sir of Skyt\ 

Sandstone senes. * 

Shelly limestone. 

Sandstones and shales of great thickness, with obscure impressions 
ol plants and abundance of carbonaceous matter. 
t'.ilciterouH sandstone beds, with small nodules of indurated lime, 
stone grit, with fossils and thin lajcis of shale with belem. 
mtes 

Illue shale upper has shale of the Yorkshire* coast j with small 
blue < 1ilr.11 enus com leiions, beh-mnitys, &e 
Sandstone wilh eojier*t|onary nodules and fussiis of the murlstom* 
series 

Lius shall' — (r voioqH'il Tranm* (ions .\f'w $rJtrs 

The same Geologist has found it considerable* amt- 
log \ 1*1 those phenomena m the section presented bv the 
goigc of the Wesei. vvlieie that river escapes through 
the Porta (Vestpl iliea into the plains of Northern Gcj- 
mnnv How unlike to the general type of the oolitic 
formation o! the German and Swiss Jura ! 

Having thus produced the two most contrasted types bum 
\et discovered of the lower oolite formation, and bv m 
tlieir compunson pul 11 severe check upon the doctrine 
of umvetsal fonnutious (if such was ever taiiertaiurd) 
among the secondary strata, it will be useful to state the 
leading features of this formation in the intermediate * 
party of ils runge a i» Kngland, and thus to ascertain the 
parts which vary, nnd the method of tlieir variation. 

To do tins with entire satisfaction is not easy, and in- 
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Lincoln- 

shire. 


continuity of the cnrnbruMi above, and of the lower 
oolite sand below, from one end of England to the 
other, by furnishing every where exact limits to the 
formation, very much abridges the inquiry and dimi- 
nishes the chances of error. In the long range horn 
the coast of Dorsetshire to the coast of Whitby, the cha- 
racter of the lowei sand varies,' yet not so much us is 
common to , sandstones, the principal dilfeience consist- 
ing in the colour which is occasioned by the degree of 
oxidation of the iron. Through Oxfordshire, Rutland, 
Lincoln, and the Southern pari of Yorkshire, it is a verv 
dark brown ferruginous rock, whence it is oiten called 
** gingerbread stone/* frequently enclosing shills con- 
cretions, (Banbury,) occasionally enveloping beds ol lime- 
stone, and sometimes (Northampton, Rockingham) in Ut- 
laininated by white beds of oolite. The quantity of 
oxide of iron is sometimes so considerable i\< to divide 
the mass of the rock into a multitude of ochraccous 
cells nr “ iron boxes *' 1 11 some places, especially in 

Lincolnshire, it consists of an alternating senes oi white 
and brown sand. 

With lespeci to the comb rash it is sullii icnt to say, 
that though so unimportant a lock in other iesj*ict'-, it 
is probably mote continuous, ami more uni hum m its 
character Iron i DoixeMiiic to the Humber, a> nnv be 
seen in Mr Smiths Map-, than an\ otlm member of 
the lower oolitic formation except the sand nt the mie 
rior oolite. 

Lincolnshire presents the follow mg section ol this 
formation: (observations made in 

Curnbnish full ot its usual 1 ‘uo.sils. 

f 'lay thin. 

Thai shelly beds w /»»'■ /ofn/./y, hoirewlvii resembling the blu< 
bed* of Fiu ley near 11a: a 

A considerable thickness oi chiy pn.i.ml, prc&unnd l»v Mi Smilb 
* to include the fori ->t nuubU. system nl VY vltsin e. 

Sandy laminated Htoue, m a lew luc , limes Smith ol lams'in 

Thick, apparently imdivnh d, wuhtn im’k, m i v productive ot mgu- 
uic rennims, with poiypilerous bed* on the top 

In the upper parts of tins nick, I.Jm* Uri-hug is fu-ipien?, emu so 
shollv nigs abound, good oolite is ring at Xmasier. This is 
undoubtedly tin* same lie k as that *»i t 'atfi in \ urKshire, and 
it is continuous wiMi the sain. geuei.il fhitnchr as i..i in 
Grantham, between which place and Shuuioui then appears 
t<i he some rhange. 

Inferior oolite sand. 

Between Stamford and Peterborough the m-hcs wa- 
recorded thus : (i Vii :) 


Gonihrush. 

Ciay of some thickness. 

Sandy laminated bpd, at Rilsgoie 
Interval not known. * 


R.ig betl*. of Barton k 
Stamford oolites, and 
] nh*rior oolite band. 


oolite mul compart limestone, iu.d presented to Mr* Guwogy 
MurcTitmn and die author the following detailed section. Ch. 11. 
. ... ... . 


LoimI Names. 

Rubble 

Culc 

Fh (n. 

. . d 0 
.. 1 0 

Redding sand 


bread 

. . «J u | 

L' most u lie . . 

• 1(i { 

Botch 

.. id 

Slate ‘J 

to I ( J 

l 

Fine sand . . , 

l 


Descitiptioii. 

Imperfectly heridud oolite. 

Irregular and broken beds of oolite. 

Fine yellow isaml indurated lit top and 
nt bottom into concretionary ami 
sliily layers. 

lhmvu lmnl oolite graduating upwards 
to the sandy lay era above. Thin beds, 
u<ri l>< mt to lime. 

Haul, eoinpak, not oolitic, containing 
br.icby pUy Hum, ferns, and trigo- 

lyilldfS. 

li regular sandstone. 

Masses irregtriaily spheroidal flattened, 
veiy fissile, in general calcareous grit 
not at all oolitic, Uit shelly, With lit- 
total and terrestrial pldiih*. 

Ot a y ellnwish colour. 


The slate m quarried only in Winter, for if dried by 
the Slimmer Sun and wind, it hardens and will not 
•quit The holes aic blocked up in Spring, and the 
ip. p" \ men oiilv eiiiplovcd in preparation of slate. It 
im m general, v ci v eqnallv laminated, The splitting is 
enured h\ mg nine cxuvia*. 

'The L -'toncsfh*hl slStes near Oxford have been almost Stoned, 
uiii\ei-all\ esteemed ot the same age as these (oily - wk ’* 
wHoii nuks 

At Siiiui" liehl two beds ot concretionary Minuses, 
capable ol being easik (with Lhe assistance oi Irosi) 
spin into slate paiallel to (he sti at.ficat ion, compose with 
saiul ami limbic •aiut-dnius a group a or b‘ led thulv, 
und> i aO lot t ol allot nat uni* nt Sannuated Mieilv oolite 
and thm blue tUiv. The following is Dr, Futon’s 
at count ol the section. (Zo <>L Jouuwt, vok in.) 

Huhhly hme-rioue 
Clay wim tOH'lM.itnliiOs 
Linh'si'mi , 
blue t, l.n . 

V ). >1 1 1 1 , ‘ 1 

Hlio'ilay ) 

“ Rag," (.'insisting or hh«)l\ «ohtr, iui‘" cabis of bivaheii art i 
univalves. 


left 


The slate b*_ds 
Consisting of 


Collywes 
fan slater 


On the line from Wamlsford, tiirough Weldon to 
Rockingham : (iS2l :) 

fjornbrasb very distinct. 

Ciay T of some thi< km*s>. nothing ike uti«civi*ri. 

Weldon ouiitti or rag, the taint’ us the Banmck rag * 

Interval, presumed to he clay, under some breadth of Ro-king- 
hum forest, 

Brown sand of Rockingham lldl, svith intt^rhtininatcd white 
Rmcstones. 

It might Sippcar from these statement « that the slates 
of Wittering and Colly west mi are near the Northern 
end of llieftC deposits; they are unknown at present in 
a distinct form North of the Wdlaml, -mcept at Market 
Deeping, though probably represented by the sandy cap 
of the Lincolnshire oolites. 

The slate of Colljweston is associated with beds of 


( *• M-fl ftti.d,’ i* in yellow Kh-viniiy idny 
J with t hm ‘<>niv j s ot fihruus tmnspureiif 
I h r v: Men 

j ‘ t pp. ) Head.' I tt ,1 in. to t ft (\ in. sum! 
j cm fli'p.n a course of hph*'njwbri 1 ;imi- 
J nail’d c di .neons cut Htnues winch pro-' 
j dure tin J ilc Tlnse are called f ‘ i*ot- 
, , hrK“ ft mu tiieiu^xguie. and lecyne with 

the othcf slaty l»ed tin* name of iVmlle, 
as { har.it tei istu of * the wnikublt* Htoue. 
The stone is p.nti«ily holtltc and hbelly, 
suiuei lines full ol ^uill fiagnienlary 
masses 

“ Hbmiii! oi K.ip*, ’ t It. slaty friabV; grit 
imk. 

J.,owm Head I ft. Oi t. to U ft Band find 
grit, including a course ot spheroidal 
roficretmiiK of white hU* that tlcscnl^d 
abiive. 

lioltom stuff, l ft. sandy and cak&nsQua 
gnt with admixture of oolitic gratus. 

The flour of the Mute beds is rug like the oolite above. 
Most of the Sloncstit ld lossils, and in particular the 
jaw<\ of didclphtdiie, have been extracted from one or 
other of the courses of slate. 

We may now return to the Bath series of oolites, anOf 
accompany Mr. Lonsdale in. his recent survey of tbeir 
extension to the Northward, 


The slate beds 
contorting ot 
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Th<? inferior oolite in the South of Gloucestershire 
consists of nearly equal divisions of soft oolitfe and 
slightly calcareous sand ; but in the Northern division 
of the County the latter, for the greatest part, is re- 
placed by a yellow sandy limestone. The freestone 
beds, which are not to be lithologically distinguished 
from those of the great, oolite, gradually increase in 
number and thickness from the neighbourhood of Hath 
to the Cottcswold, East o|^ Cheltenham, where they con- 
stitute the whole of tfie escarpment. This vertical im- 
portance is retained through the North of the country 
examined ; but to the Eastward of the valley, ranging 
from Stow on the Wold to Burlington, 'near Burford, a 
change takes place both in the structure and thickness of 
the. formation. • The freest one beds are there replaced by 
strata of nodular coarse oolite, containing numerous im- 
pressions of chfpnis sinualus, the sand} portion consists 
of only ^ thin bod, and the thickness of the whole of the 
inferior oolite group is diminished irom 150 to about 50 
feet. 


The fiiUn' & earth loses its importance in proceeding 
Northward, jet it was traced as a parting between, the 
great oolite and the inferior oolite, as far as a line pass- 
ing from the neighbourhood ol V\'inchcoml> to Burford, 
but to the North-East of this line it thins out 

firm I nnJttt', The threefold ai rang count of upper 
rags, fine freestone, and lower lags, into which this unit 
is naturally divided near Bath. docs nut prevail uniformly 
in our pi ogress Northward. • 

The upper rags, consisting of soft freestone and hard 
shelly oolite, were traced to t’nemvshT; but to (lie 
North East of lliat town they ale lcplacdd by a rubhlv, 
white, urgdlaceom. limestone. The beds of the middle 
division become clnetlv a hard oolitic limestone. At 
Wottou undei Kdce the lower rags me replaced by 
beds ot fissile calcareous sandstone, which runs through 
(he whole ol ( i louecstershire to the neighbourhood 
of Burford They me extensively worked as a tile 
stone, possess ijie lithological character ot the Slones 
field slate, line I heir fissile property m the same wnv 
developed bv esposim lo atmospheri agenev ; con- 
tain fnuoma impressu* the ch uactciisiu fossil of 
SfoneslieM; and on eompamig the strata of Bnrloid 
with those which rest at hLuie-ficId on the shitv betU, ii 
was found that an almost porlect idcntny of ilairager 
* and order of position prevailed at the two lo-wlitn^. 'I he 
Windrush quarnes near Burton! give the follow mg sec- 
tion lor comparison with that ol f Stonesfiehl pievm.isiy 
detailed. 


Top, Bubbly limestone 1 foot 

Hranviush marls! one b 

Bubbly limestone ^ 

9 Bale sandy Viat 1 . 1 

K uhb!y#hmestnne i 

Light-colon.' ; clay ’>• 

Bag and freestone - - 1 «> 

Sandy laminated grit — 

Mr. Lonsdale lias (Ini'* corrected the almost universal 
er#ur of English Geologist in classing: the Stonesfield 
slate witli the. forest tumble, and has assigned its true* 
place at the bane of the great oolite; u most impoitunt 
•alteration in every point of' view. * 

, The forest marble was found to possess the same cha- 
racters us near Bath, consisting of a thick stratum of 
laminated shelly oolite, interposed between beds of sandy 
day, containing lamina* of grit ; und to have, from 
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Bath to near Fairfbrd, fot its uppermost stratum, a de- 
posit of loose sand, containing large masses of Calcareous 
grit, 

It is hardly to be doubted that the slate of Colly- 
western is coeval with that of Stonesfield, but it must 
be left to furiher investigation to decide whether the 
thick oolites of Lincolnshire comprise both the great 
and inferior oolite of Bath, or which of them exists there 
alone. It is now ascertained that there ure calcareous 
slaty beds in two points of the series between the com- 
brash and the inferior oolite, it is known that both the 
great oolite and inferior oolite are subject lq great varia- 
tion of lithological character and thick ness,* and that the 
iulleiN earth which distinguishes these rocks nl*Bath 
is extinct, or nearly so. North of Burford. The pro- 
blem, thcreforr, now presented to Geologists by the yet 
unfinished survey of the oolites, is rather complicated, 
and demands much labour to perform with full effect. 
It should be hegur by taking up the subject where Mf. 
Lonsdale's observations cud. viz. at Burford, and the 
ground examined minutely Noithuards. We may yen- 
tun to promise that this will not be wholly neglected. 


Middle Oohtc Formation. 


Ver\ strong analogies accompany all the leading divi- Generaf 
siojis of tin 1 oolitic system, and mark them as the pro- <lescr, V t,oxu 
(fucl“ of a succession of similar causes. \& the oolites 
of Bath he enclosed between strata of calcareous sand, 
so those of ihe middle division mv imbedded between 
M lata of calcareous sand and sandstone, and the asso- 
c ml ion of the upper oolite witli green sands at Swindon # 
am! Thame, is piobabh of the same intimate description. 

The organic fossils of all the divisions have a striking 
gem ;ul lesembkiucc, and the (Composition of the rocks 
is liable to snuilai violations 

The phvsic.d features impri ssed on the geography of 
the counti v w bull tl.ey t inverse arc also very similar. 

\s the consolidated stiatji of tin* lower oobte formation 
Toim a high escai pment, v\ hicli overlooks the plains of 
argillaceous tins ; so die line stones “and sandstones of 
{ hi*, middle group n st on a hold edge, above the vales 
of (Vxiuid clay, and the uppei oolite rocks in the few 
p!.n es w here liicv oecu: dommeei in the same manner 
over the vales of kimmendge clay. It might have been 
adended with some convenience lo have considered these 
thick ('levs m loniMiions apart Irorn the rocks, as the lias 
has been epniated bom tlie hfwcr oolite, but they are 
hum vaiiuii 1 causes m> connected with them that it 
would have mpned the practical utility of the classifica- 
tion. 

The Lament characters of the surface of the middle 
oilite fornniton, aie a moist valley ol Oxford day be- 
low a drv range of lulls, furnishing copious springs 
1 1 o.i i the c.dcatcous gnts and oolite. Dry valleys, deep 
wtdls. narrow deiK w.rdud bv the rapid streams, occur,’ 
especially in the districts ot gi cutest altitude, and one 
unacquainted with t.he senes of formations might re- 
cognise in the general aspect of this y the description 
usually given of the lower oolite range. Outlines ot the 
oolites and sandstones occasionally cover insulated bibs 
1 it the subjacent clay, and prove the dcundahug power 
of ancient Hoods. The. altitude of this range ot oolite 
nowhere equals that of the lower oolite in the same 
region. Thus while in Yorkshire the rocks rise in 
Button Head to l IS.) feel above the sea, the former 
rettdi on Black Harnbielon 124^ fed. In Oxfordshire 
4 n 2 . 



626 


GEOLOG Y. 


OeoloBy. and Gloucestershire 800 or 900 feet is the height of the 
Ch. u. lower oolite, but eOO or 500 feet that of the middle 
“v— •* oolite. 

, Eanpe and This formation is upon the whole less continuous 
«“«* than the one described before, yel the discontinuity 
is not of the whole mass, but. chiefly of the group 
of oolites and sandstones. These have a considera- 
ble developement in Dorsetshire; fust on the coast at 
Weymouth, and secondly from near Sturminster to be- 
yond Wincunton, where they produce oolitic freestone. 
I fence to Longleat Park they are unknown. From 
Longleat thtfir range is unbroken by Westbury, Caine, 
Wootton Basset, High worth, Farringdou, and Abing- 
don, to the banks of the Thames at Oxford. They can 
be traced under Shotover, and towards Bnll, a few 
miles, but their further course is unknown, till we arrive 
under the Wold c of Yorkshire near Ackluin. At this 
* point emerging from beneath the chalk, they cnciiclc 

the Yale of Pickering by Mahon, flelmslcy, Pickering, 
and Scarborough, increase greatly m impel lance, and 
assume more completely than m any other part ol Eng- 
land, excepting perhaps Weymouth, the full characters 
of their formation. But while the oolitic group is thus 
dismembered into four widely detached legions, the 
* Oxford clay beneath is as remarked*! v connected from 

the North side of the Dorsetshire downs, bv Wjp^unlon, 
Melksham, the Vale of the Jsis, Ottmoor, the \ ale of 
Bedford, Huntingdon, the Western border of the Fens, 
and the Yale between the C 1 ill’ and Wold ranges of 
Lincolnshire to the banks of the Humber. Beyond 
the unconformity of the chaik wolds, its course is mi- 
, ‘ divided beneath the slope of the eaieureous grit round 

the Yale of Pickering to Scarborough* 

We shall now oiler a Yew details of the internal struc- 
ture mid variations of thesi rocks 

The clay below tin* kelloway rock has been very little 
noticed, and is indeed not very important It occasion- 
ally contains plioiadomvtt* and other '•hells near Bath, 
and more frequently abundance ol selenite, and on the 
coast of Yurkshiru has yielded some curious rema.ns of 
Crustacea. As for the gt eater pail ol the range of the 
Oxford clay the kelloway rock is unknown, this clay can 
seldom be distinguished, in Yorkshire it barely reaches 
a few \aids, and generally is less than three feet in 
thickness. 

Kelli) wav The Kellovvay rock, so named by Mr. Smith from 
rock. * Kellovvay Bridge in Wiltshire, width is almost the only 
place where it occurs in the South of England, is m that 
County more rcmavkablc for the beau! v, peculiarity, and 
abundance of ammonites, grypliii*a\ and other oiganic 
rctmunn which it produces, than for ei'hcr its thickness 
or continuity. It is there a cakmcous sandstone, up* 
pearing when devoid of organic remains very similar to 
tho&e which accompany the coralline oolite, externally 
* brown, internally grey or blue, of a rubbly nodular 
structure, altogether less than twelve feet thick. From 
Wiltshire to Northamptonshire no mention is made of 
this rock, but it was found witlt Us usual fossils at 
Boziate Hill, near Wellingborough, by the writer of this 
Article, in company with Mr. Smith m JS*2o. 
t In 1821, tile same observers established the occurrence 

of the Kelloway rock at Hack ness and Scarborough on 
the sea-coast of Yorkshire. It is coextensive in that 
County with the range of the Oxford clay, from under 
which it rises into an escarpment. It arrives sometimes 
at a thickness of sixty ipebund is then locally distinguish- 
able into several portions. It R hbwever, altogether a 


mass of sand and calcareous sandstone, with or Without Oqdncv. 
organic remains ; the upper beds very thick, indurated by CL if/ 
admixture of oxide of iron, and multitudes of gryphwa,*, 
belemnites, ammonites, and avion!©, and other fossils. 

Not unfrequeutly in the vicinity of the shells it becomes 
sufficiently calcareous to assume the character of a sandy 
oolite, sometimes ferruginous like that of Dundry. The 
sandy parts of the mass are often variously stained 
brown, reddish, yellow, or remain perfectly white, in 
layers or irregular stripes, ami ir&Versed by dissepiments 
4if oxide of iron. Jn a very lew r places it is useful as a 
building stone. *' 

There is perhaps no more curious fact on record than 
the occurrence ot this apparently indefinite rock, with 
almost identical characters, 'alter so great* an interruption 
of eonl innit v. 

The Oxford clay (chinch clay of Smith) appears, in Oxfi.nl 
the whole of its range South of the Humbei, a pale blue cLy. 
clay, turning yellow on the surface, with large spam 
septal la. and M>me layers of ehoeolate-coioifred shale, 
(Tylherlou,) with ammonites and other fossils. In 
Yofkshire, it is less tough, and more generally lami- 
nated, gradually changing in quality to the Kclln- 
wn> rock below, ami the calcareous grit above Most 
of the organic icmam« which it yields belong to the 
lower part oi the stratum, and aic in general identical 
with or very similar to lho.se of the Kellovvay rock. 

Taken in genual terms, the suite of fossils at Weymouth 
belonging to The Oxford day is considetably allied to 
that of the Kelloway lock and Oxford clay of York- 
shire, but fnyther compuiisnn of the species ol ammo- 
nites is yet needed, in the Museum at Mrnsburg tossils 
of the Kelloway ruck, as well us ol the Oxford day. are 
recognised. 

ii ts painful to observe 1}»e dreadful waste of inonev 
in ill-advised trials tor coal along the line of the Oxloid 
day. The least fragment of jet or morsel ol bitumim us 
shale, (specially il accompanied by ‘‘ bliu metal/' is 
enough to make a credulous propiio.'nr listen to an 
ignorant collier, and throw away thv value ol his solid 
land in sinking loi the imaginaiy measures beiieat.h it 

The /*•//*( 7* udantoua tint should be carctody distin- 
guislnd from the non sand, \vJh which \ir. Smith has 
ocea'-ionalh confounded *♦, nor is the distinction difljruli, 
tor, independent ol its geologieat position, the culca- //, t,/,^ 
reous grit is not particularly ochruceous, and never as- 
sumes that daik ferruginous aspect so remaikalde in the 
other lock, fn Wiltshire, where it was fiist observed, 
it appears as a thick stratum of sand, inclosing irregular 
beds of ".a mist one, oi of calrmeous gut, which assumes 
the aspect o! coarse limestone. TIicm; sandstones " 
are blown externally, but grey or blue within, lire- 
gular layers oi day occur in places and Iriulde befts of 
decomposed shells. 1 he pievaihng cploiu of the sand 
is yel’ow, but sometimes it is ash 'Coloured. At Stitdlcy. 
near Oxloid, Dr. Buckland detected a peculiar bed of 
clouded grey colour, and very tough and dense texture, 
a sot t of aigilluceuus chert, rich in pinna?, ammonites, 
and other organic lemuins. It piobably belongs to lire 
lower part of the rock. * 

The caleutcotih grit of Ileddingfon, also rich in orga- 
nic remains, ammonites, beleininles, phfgiusloniala, pec- 
tines, is a very course rock, with an abundant 

admixture of quart/ pebbles, chiefly of small size, anir * . 

fragments of r shells, ft forms irregular beds and con* 
cretions in beds of quartzose sand, mixed with calcareous 
matter. 
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fluology. Professor Sedgwick's description of the calcareous 
Ch. XI. grit of Weymouth makes us acquainted with a* more 
'—■v***' complete series than that of Wiltshire and Oxfordshire. 
The following statement of beds there is in the ascend- 
ing order r 

и. The lowest bed# upon the Oxford clny are black, and meagre 

to tlw touch, filled with irregular branching stems like ulcyonm. 
A. Thin beds of yellow sand and sandstone, 
r. Strong ferruginous jointed ht^ls of calcareous grit. 

U. Blue argillaceous beds, tdlernating with hard compact beds with 
an even fracture. 

r. Yellow sand like A, with beds of^calcareous grit in the upper 
part. 

Beds of oolite succeed. 

Lower calc The section of the lower calcareous grit on the York- 
gnt York- .shire coast between Filey and Scarborough luis a 
wiik?,Kc. striking resemblance to that of Weymouth. Imme- 

diately on the Oxford clay rests a series of grey marly 
sandstones, 71) feet thick, gradually becoming more 
yellow and more consolidated upwards, till they assume 
the haislomss which belongs to stones usually called 
clieity. Tins diet ty bed appears to correspond without 
mentioned before at Sludiey. It continues across the 
moors to Ilambleton. Above these runs a band of 
yellow sand, nine feet thick, enclosing huge sphenml.il 
highly indurated eaicareems balls. This band »> trace- 
abb through the ino-Moi , w here it forms rabbit-warrens, 
as far as Whitesioue C'lifK, and there the balls are of 
immense size. When they fnii out, thv rock looks 
cavernous. The upper pail of the lock consists of strong 
beds of calcareous sandstone, \j>ry icmnrkuhly covered on 
the -unlace, and also pent t ruled by biam fling ey lindueal 
fckKiies, wlueli eontumally lenniid m of sponges. r Hie 
upper be«ls of this series are of a ledder colom , and more 
calcareous than the other 1 -, remarkably full ot shells, and 
in some places alternate vulh twooi three beds of oolitic 
limestone also shelly, fn the interior of the moors, they 
a»e olten used for wnllstone. It is not always quite 
en'-v to draw the line between them and (be oolite above, 
tspiMally uiumlhi; lattei is unusually shelly, and no 
coral bed intervenes. * 

According to Mr. Lonsdale there is in Wiltshire a 
pale blue clay, IP feet thick, interposed between the 
lower calctneous grit and the coralline oolite. 

The coralline oolite, or coral rag group, as described 
by Smith, Conybeare, and Lonsdale, near Oxford, 
Woottou Mussel, and flail), seems uni so complete n series 
ns that described by Professor Sedgwick at Weymouth, 

* and by other authors in Yorkshire! 

Weymouth. The thickness of the whole group is greater in York- 
. shire than elsewhere, but no where in that country ex- 
ceeds S0 feet. The section at W ey month gives above 
the fnlcai cons grit ^Jie four following groups : 

/. Many bed# of oolite wilh be<b of urgilhuvons partings, 

alternating with uth»*.’ shelly oolitic, beil-i, Mimewhat resem- 
bling forest maihlc. * Inhume ot these beds l he oolitic particles 
are iissomikul with a variety of mud, ami art* incoherent. 
ff. Tliin beds of oolitic marl, containing mnuimuahle specimens of 
the urnall clypons cluniculari«, casts of melanin*, &c- 

к. Befla of impure sandy oolite, containing, besides othei fossils, a 

* . few specimens of ostrea deltridea. 

r Thick limestone series, at the bottom of which lie masses of 
coral rug, containing carvophyllia annulata, ustnaar*, &t\ with 
innumerable trugments of tngmua rlavellnta. In tlu^higher 

( jMWtiou are many meagre sandy beds, nearly resembling the 
lower calcareous grit, but more calcareous, and with a tiutT 
suite of organic remains. * 


("ndline 
""hte Wilt- 


Mr* Lonsdale describes the Wiltshire corul rag in 
three divisions which do not succeed one another in any 


certain order, but 'rather intermix with and replace one Gf^gy, 
another. One of them, from which the formation takes Ch. IL 
its name, is an irregular mass of nodules mostly crya- 
tallized, but sometimes earthy, ami connected together 
by pale bluish clay. Tiiese nodules consist of little etee 
but corals of the ge,uera astraur, caryophyllia* and 
agaricia, especially the former, which sometimes sepa- 
rately compose the whole muss. The lower part of this 
bed sometimes affords a dark blue crystalline limestone. 

Another form of the rock is found in fhe ooljte of 
Caine, which consists of alternations of hard shelly oolite 
used for Hags, and soft, perishable, scarcely oolitic, lime- 
stone, workable by ’sawing parallel to the beds. 

This form of t he rock passes into the third or rrtbblv 
oolite, which is the most abundant variety in Wiltshire. 

This is a nodular rock wilh very indistinct stratification 
and much inogulurity of texture, occasionally with ova 
three-tenths of an inch in diameter, constituting what 
called pisolite. 

]n the deep pit through Kiminendge clay on the line 
of the Wihs and Mucks C anal, tins lock was very thin, 
scarcely oolitic, but chiefly n cellular mass of earvophvb 
h;r ami astride, and a similar character prevails m some 
quan ios in the neighbourhood ot Wootton Mnsset. Be- 
low it the lower calcareous gnt was m the state of loose 
sand. 

iYI r. (onybenre divides the coralline oolite near 0\- Oxford, 
ford into two parts, of which the upper is a calcareous “hm*. 
heestoue of close texture, full of comminuted shells, 
and irrcgukuly oolitic or pisolitie. The beds are very 
thick, and the stone has been much used in buildings at. 

Oxford, but is not found to be dm able. The lower part • 
is the true coral rag, consisting of two or three courses 1 

of nodular rubbly rock, very crystalline iri aspect, cud 
composed of masses of astrage ami carvophyllia*, vutb# 
admixture of echinital and shelly fragments. 

In Yorkshire the lower beds ot the coralline oolite Wkshim 
are in general exceedingly shelly, and full of clypeus 
dimidiatns, clnnicubiris, Ac. and on the North side of the 
Val of Bickering, at Hackness, Kbberston, Ac. me 
marked bv an irregular bed of coral (astrane) and 
sponges. The middle part of the rock is regularly 
bedded with tlun partings of day, and very large ver- 
tical joints; the different beds vary much in the same 
quarry x from a soft, loose, whitish oolite to a. solid rock 
with blue centres and large pisolitie spherules. At Mai- 
ton it is more uniformly oolitic, and very full of me!unia\ 
trigonuc, plugiostomatn, Ac. and organic remains of all 
kinds. Near the upper part in the ^vton quarries is u 
bed of earyophy Hue and cchmi, airtl the rock fa crowned 
at Sinninglon, Uclrnsley, Ac. by a bed filled to excess 
with turritella.* and rnelaiiia*, Melania striata and fur- 
ritelhc oycur near the top of the rock about Mrompton ’ 1 

and llackness, Out at Malton they lie mdismmiuut/dy. 

Anpm*mtes chiefly belong to the lower beds. About . 

Kirkdale and Helmsley layers of obscurely defined 
nodules of bluish-grey chert, luring the texture of 
sponges, lie in the lower part of the rock, and remind 
us of the silicious sponges of the Portland oolite.* 

These sections will show at once the general acrnnl- 
mice of the characters of this irregular oolite, its varia 
ble thickness, and indefinite order of succession, cir- * 

eumstunecs wh[ch belong indeed more or less to all the 
oolitic formations. The corals which characterise the 
rock, lie very unequally, yet perhaps we may perceive a 
tendency to form two iayers, one near the top, the other 
at the bottom of the rock. Thft Oxford senes seems 
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Geology. imperfect by the deficiency of the upper member- , a 
t'ir 1JL cirgtunwbmcc probably connected wilh ancient deiiudo- 
v"**' y 0 r>s, by which also this rock lias been greatly affected 
iu, different pads of Yorkshire. 

• Upper fink* The upper calcareous grit, obscurely indicated at 
^nt. * Weymouth, and very thin and unimportant in Wiltshire, 

(where it appears separated liorii the oolite by ferrugi- 
nous day,) is of considerable note along the North side 
of the Vale of Pickering, especially about Helmsley 
and Darkness, It then reaches even a thickness ol f»U 
feel, and by intercalating its upper part with the Kim- 
t nr ridge clay establishes a transition from the middle to 
the upper offlite formation. It is m genera) more term- 
( ginous and less dierty than the lower calc grit, and in 

Yorkshire contains apparently fewer organic remains, 
but of the same kinds. Jt has been entirely removed 
by denudation fiom the oolite (mils ol the coast. At 
Weymouth its fossils are numcioiis and fine. 

Hyper Oolite Fnrnuthon. 

The upper or Portland oolite loimnt.ou, consisting of 
, limestone above and clay below, might be expected to 

occup\ u country, \vhose pi, \ steal gcogKiphv should 
strong I v rese.mhlc that of the distnet of eoiallme oolite. 

* The area occupied 1>\ the rtilc'imms group is indeed so 
very small in Mngiaud, that little can be said on this 
point concerning it, Its commanding appearance in 
Poll land Isle, in the Vale of IVvvsev, at Swindon, und 
in the A ale of Ajlesbmv, is analogous to that ol the 
oolitic i < >< Ivn in general, ami the sand-- wuii winch ii is in 

^ some pbuos associated, increase tins i esemblunee 

* Kimme- The 1\ mimei ulge day in its much longer and nu»re 
ridge cUy connected laiieciu Dm set-dnre, Wiissiure. Berkshire, and 

Buekinghamshire, (wdieie it can be trimd at least as lar 
as Liilt le Urickhdl.) and lx ncath the voids- ol lan -oln- 
shire, and inrough the Vale »>t Ibrhonng in Ymkslme, 
presents the usual characters of a thick day deposit, 
broad vales with :l cold, suti" muI, without springs 

The Knmneridge day at it* tvpieal loralitv m tlu 
Isle ol Purbedv appears m the /dlls, as a lamimtleil i l.iy, 
bluish or greyish-N ejSow r , dividing spontancou dv like 
oilier shales into huge tabular rnas.es. the punts often 
lined by calcareous spar. Pawns of small m gdlaeeons 
nodules occur. Ii parses graduallv min a bituminous 
shale, imperfectly combustible, and linaily into ia\ers ot 
brown shaly coal specific gi.rntv I wlinb burns 

*v it h a smoky yelhm*ish flame A ium was loinuilv 
maiuifaeturerl from tliesc shales The group is sup- 
posed to equal (>ofi fVot in tlinkuess. (Oi nfujjj of /,’//»- 
land) In the \ ale of White Horse at Kveii Swindon, 
it was penetrated by n well to the depth n! d'A'A tret and 
t , the additional thickness of the menmhent beds in Swin- 

don Hill being taken at only 70 feet, the stratum will 
appear Hth) feet thick. NcarOxlbid it is only 100, ami 
at Buglcy Wood was found nnlv 7(*. In Lincolnshire 
and Yorkshire its thickness generally appears much less 
through the unconformity of the gh.il k strata. 

N«mr the bottom of the Kimrneiidge clay in the Vale 
, of Wilde Horse, helmv the layers ot ostren delta, wea; 
found a baud ot coarse oolitic ironstone with fossils and 

* layers ot septaria, with ammonites, tioehi, and mayy 
other fossils much allied to those of the coralline oolite. 
Shale and biiiimiiuxcd wood were foubd at about the 
middle ot the clay, and above this a course of thm balls 
of stone with mineral water. Near Weymouth the 
lover part of the ofay contains, above large beds of 


ostrea delta, beds of ferruginous impure calcareous G#wty*y, 
grit/ partially oolitic, and alternating with beds of red 
and green sand and blue clay containing ostrea delta. 

Small bands of calcareous grit may be seen in the lower 
part of the Kimrneridge day of Yorkshire, below layers 
of ostrea delta. It thus appears that the remarkable 
species of oyster so named by Mr. Sowerby is a very cha- 
racteristic fossil of the lower parts of this ckfy group, 
and its manner ol occurrence is equally so For whether 
in Yorkshire, at Helmsley, Kirby Moorside, Elloughton, 

«\’e. in Lincolnshire at Market Hasm, at Little Brick- 
hill in Buckinghamshire, at Heddington near Oxford, 
at K\en Swindon and IVnsey Vale in Wilts, or at, Wey- 
mouth, and we may add, at Havre, it always appears in 
broad continuous floors, parallel to the* planes of strati- 
fication, the valves usually together, with young ones 
occasionally mlheienl to them, and entirely imbedded 
in day, without nodules or stones of any kind, and 
without any other organic remains in the layers. 

The upper oolite group consists, like those pre- Portland 
yioie ly deeubod, of available muss of sand and sand- oulne, <Vc, 
stum* conci chons, surmounted by a partially oolitic, 
shelly limestone Were tin* lock to be seen more com- 
pletely it is prohabl*' tlia* it would also show h le«s 
definite arenaceous zone above. In Pmbeckit is covered 
bv the ficsh-water or Weakleu loi mat ion, and in Wilt- 
shire, Bei kshire. and Buckinghamshire by ihe green sand. 

The varieties ot composition in tin* limestone are 
such as have been noticed fot ilie othei oolites, viz. 
fine -grained white oolite, loose granular limestone ol 
eaithy aspect, and compact cict:i( eons bmesionc with 
conehoid.d fracture. 

In the Islavnt of Portland liie groups present, accord- 
ing to Mr Webster, ((fealagirat Transact^' n . ) the fob 
lo wjiig characters. 


Upper beds , . 


Middle beds . . 


Lower beds . 


I S/onr brush, a. ereftm oilwujed lum-stom* ' feet. 
Barfing ot tin* s.tmo with hi. irk cUv . . I 
Cuft stone, in three hirers, with pollings 

I ot chiv, cie.iin coloured <mt| h ml. so 
as to torn the p«nnis of tt'e t-.ob. ... )U 
Unm /?, it rock composed ol :i. laments of 
oyster shells, cement* ,i tugefhci .... (i 

W lute hods, murk* Uihle Mono f» 

/«»V*-rs of Hint and '•tony ruhinsh (1 

Mithll 1 * hod, mat k^tahio stone, with tew 

immne nupiessions 5 

Parting Mone with hi tells of’ no value . . ii 
Third bed wifh few shells, geneiahy Ihe 

most Niilcuhlt- firestone 7 lo Id 

f Many hivers of Hints iu>d«tit unset vne- 
l able stone f'O to fib 


Still lower, according lo Dr. Bucklahd and Mr. J)e 
la Beche, is a bed ot sand and sandstone UP feet thick, 
with gicongizuns, and veiy like to the lower green jpml. 

At ChicksgTovc, m the Vale'fif Tisbury, Wilts, the 
scries of limestones, more or less ass«*:ialed with sand, 
espeliallv m tlie lower part, reaches more than GO feet in 
thickness. Miss Benett, who has e\ tracked so many 
treasures fVom those quarries, 1ms given a minute section 
ol tile beds. 


The five upper beds, run mm ting to fijfet, consist of white limtnrione, 
locally calleu chafk. with one interposed layer of had shelly 
stone, and a hand of cherty flint <J mchos* thick. The middle 
l*.d of this limestone, ii feet thick, is excessively rich in shells, 
but the thicker Imil* above and beUqs contain none, \ 

The next three l^ds of ihu (juarry, uunmntmg to 10 feet, conaist m 
sandy limpstunes, with fragments of shells. 

Five beds below ci^isist of sandy limestone, mostly compact and 
shelly, with grains of green sand iu greater or less abundance 
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. The three lowest beds are composed of loose sandy limestone, with 
more or less of the green grains before noticed, shuljs and 
^ fragments of shells. ' * 

The shells roogit abundant at Chicks grove are tri~ 
gouitn. pectiries, ammonites, uniones, trochi, &e. 

The imperfect sections at Brill Hill and Gursington 
present several points of analogy with the above section, 
especially in the presence of the cretaceous bed, and l lie 
quantity of sand below the calcareous part of t he rock 
is well seen here and jit Shotover, where it encloses in 
the lower part large, grotesque, concretionary blocks of 
sandstone, sometimes full of shells, and generally abun- 
dant in green grains. 

Abundance of green grains accompany these lower 
beds in their course through the Vale of Aylesbury, and 
are also recognised at Swindon. 

Thu height of the ground occupied by the detuehed 
portions of the upper oolite group is considerable m 
Brill Dill, (780 feet,) in Shotover amounts to boo feet, 
at Swindon probably 400 feet, in Portland JUJU feet, but 
in the Vale of Pewsey it, is very low. 

* One of the most interesting observations concerumg 
the circumstances which intervened between the marine, 
deposits of oolite and the fiesh- water or estuary deposits 
of the Purbeck clays and limestones, is that of Dr. Buck- 
laud mid Mi. Dc la Beebe on the dirt, btd which lies 
between these groups of strata m the Jsie of Portland. 
This bed is compared by those acute Geologists to black 
vegetable mould. The stems of eyeadete .«ud largtr 
condone which are found in this bed, often “stand erect, 
and have their roots attached to the black soil in which 
they grow ; ’ thus piesenting us with an ancient sub- 
merged forest, fin rompa: isou willi the more modern 
submarine forests winch m m> many points margm the 
English, Welsh, Scutch. and Iiisti coasts. 

It is eonelmb'd bv these uulhois that the Portland 
rock, whereon these plants are stated io be in the place 
and attitude ot giowih, had been laired to become dry 
land, and then sunk aeiuii. under such eimimspanees ns 
to become coveted ,b\ lush water, which produced llm 
Puihcck liruesiones ■and days; and it appeals a 
matter of probable inleieme that at (he same periods 
the w hole W cable n district w as sulmiciged under nearly 
tiie same circumstances. The absence of eonglomeiates 
ainl dislocations appears to prove that these subitiei sums 
a were clfected quietly and gradually ; vetfam beds ol 
oysters show that the waters were at least occasionally 
brackish, the sea a^aiu regained its dominion, and de- 
posited the cretaceous rocks and* marine testaeea, and 
finally yielded place again to a lacustrine deposit 

h r r a him Format inn. 

l5ntil the appeuruiW of Mr Mantells Works on the 
Geology of Sussex, the peculiar relations of the \a.st 
thickness of snndstoncs and clays of the interior of •Kent, 
Sussex, and Hampshire, were entirely misunderstood. 
No one supposed that these immense strata were alto- 
gether of a peculiar type, and interpolated amidst, the 
rest of the marine formations, as a local estuary fbima- 
tion, of which only v^ry faint traces can be pei/vived m 
other parts of England. Always striving to make pat - 

( ticular results harmonize into one general system, Mr. 
Smith and other Geologists at one time referred the in- 
terior sandstones to the •* iron sand/* and the Wculd 
day to one of two beds, confuted under the title of oak- 
tree cloys. This mode 'of’ classification seemed, indeed, 
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tolerably consistent with the intneralogical characters of G*utoay. 
the formations, but was found wholly at variance with ■ 

their animal and vegetable remains. For these, instead v * 
of being fossils of the iron sand and Kimtiieridge clay 
or (fault, were really a peculiar suite of terrestrial and 
fluviatile exitviu* of which very few traces have Wen 
perceived elsewhere. 

Mr. Mantel fs publications have dearly shown that 
the true place of the whole Weuldeii formation in bduy) 
the iron sand or lower green sand, and, probably, inv 
mediately above the Purbeck limestones, which overlie 
tin* Portland oolite. 

The only places in England where analogous beds 
arc known to occur, are at the back of the isle of Wight, 
in the Isle of Purbeck, along the South sale oi the 
Dm set Downs, and in the Vale of Tishmv in Wilts. 

The Weahlen formation naturally divides itself into Group) of 
two groups, which give distinct physical features to the dioVt lahlvn 
( ’ountries which they occupy ; and il to these we add tin* 

Pm bee k limestones below, i\e have tiie following order 
of suceesMOn. 

i Pah.* him* cliiy, ofiMnsHler.vhlc hut variable thick- 
. l m*ss having in the upper part sept arm ot‘ nr- 

r.r° u P* J gillai_*eoii'» ironstone, and m the lower pmt 
tai ca}. I 0 f (j lu bliclly lenestuiu.*, Called Sussex 

( nuuhlt*. 

F*» u-cwhmml amid rtiid friuble sulk] stout*. 

( Hmshain Wits. ) 

* (uilntbrous sandstones. alternating with fimhb* 

and conglomerate guts jesting on blue day. 

Middle group. - Til gate beds ) 

Hastings sands While bsiml und friable Niinrhfom*, alternating 
wi'h day. (.South sandstone,' 
liliiWi-giev limestone alternating with blue daj 
und siinddone shah , and some beds of culci- , 
l ft rous sandstone i VshbuniUaiH beds, ) 

, i The Purbeck beds, cmnastiog ol shdiv Imu-siom * 

Lower K rm,,. j .,. U rnutu, f ; wul. . lay, 

The Weald clay torins mu* general vaKov. mini con- Y i*uM clay, 
Kp.icuous nu the Northern sale, bctwei u the elevated 
central ridges of the UaMings sand., ard the chalk 
downs ot Kent, Surrev , Hampshire, and Sussex, Irorn 
Ilyllie by Tunbridge, Uartiiigcouibe, 11 uikham, b» Pe- 
vensey. * 

The Hastings sand** distinguish themselves by forming Hasting* 
a eential axis of elevation along what is called tilt* ^uid-. 
Eorest ridge, by Battle, (’row borough, anil Tilgate Forest 
to llorshnni; Flow borougli, the highest point, is Stlf 
feet above the sea. This arrangement may be studied 
on Mr. Mauldin and Mr. Smith's sections, but the 
general axis of elevation is so co.4lu-.ed by a number of 
local disturbance's and is, moreover, so broad a ridge, 
that its diameter is often overlooked. Those who 
suppose the chalk of the Not them and Southern es- 
carpments to have once extended over all tilt* area of 
the Weahlen foi mat ion, and li» have been subsequently 
removed • by witeiv violence, have rightly applied to 
this devastated region, the name ot the great denudation 
Wheihei, m liu.h, the Pm la ck beds should be thus 
ranked in a separate section, or be considered as the 
equivalent ol the whole argillo-ealcareous formation ot 
the \V T eaUb is, perhaps, matter of doubt. It is, hojvevcr. 
certain that the most decided analogy prevails be- 
tween the upper part of the Purbeck senes and the 
nuu hie beds of the Weald clay. W T e shall now add a # 

tew details on these groups ui succession, beginning 
with the Purbeck beds. 

These consist of many thin strata ol argillaceous Pm heck 
limestone, alternating with slaty mitrK und form an 
aggregate of 300 led in thickness. Mr. W ebster de- 
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the bed* of atone a* consisting* chiefly of shell*, 
vtao&ily, but without certainty, referred to the fresh- 
wmto getrns paludiua, They might, with equal con- 
fidence, perhaps he supposed to belong to an ancient 
littoral genus oi the family turbumcca. But a smull 
portion of these calcareous beds is fit for columns, 
chimney-pieces, and other architectural uses for which 
the “ Put heck marble" is celebrated. Our cuthcdials 
were formeily supplied from qumries m the very high- 
est part ol the series, which are now extinct The 
shells in this stone are usually .wicd/paludmiform shells. 
Accouhng to Mr. Middleton, three vei/r> of good stone, 
not exceeditfg altogether 17 feci, he in the midst of ul- 
leruaiions of othei stone compact or shelly, and black 
slaty clav, more than 270 feet tlnek 

The Ashburnham beds, above 100 feet thick, consist of 
shelly limestone and shale, alternating with blue clay, and 
containing subordinate beds of nonstonc and sandstone 
'Limestone, of u dark bluish giey colour, full ol immense 
quantities of bivalve sin 11s, more or less spulhose, is the 
most characteristic deposit of the group The *hale 
which is associated with this limestone, sonatinas con- 
tains the same shells in a white triable state Jn an 
cient times the uch ironstone accompanying this hn e- 
stone was, through the use of the latUr as a Hu\, coi - 
verted into non by wood fires, and thus, m part, lm\c 
the vast foicsts of Sussex been diminished 'J lie dulls 
are usually supposed to belong to tyreria or culas, hi 
accordance with the opinion that tin whole Wcdden 
formation is of fhniatileot estuary origin , hut this is 
still an obscure point, and some of the shells appear to 
resemble nucula At IVmudsfonl a bed ot calnfe ions 
Tilgate sandstone is found vndu a bed of the»Ashbm n- 
ham limestone, and the saint was found in some of tlu 
limestone pits of Laid ^ hbundiam 

The Woith sands and -vandstoms afford a fine «■ »t! 
building-stont exUn'ixcK du t at Worth, nc.n ( lawlcv 
'Hie sandstone is lor tin most part of a while or pale 
fawn or yellow colour, and occasionally contains ltavis 
and stems of ferns arundmactous plants, and other 

vegetable lelupnrq They may he well studied in the 
ehfls near Hastings 

The Tilgate beds consist of tlnee divisions The 
lowei one is day oi marl, of a bhnsh-gicv lolom, nltu 
naliiig with band, hinds one and dark, and tout lining 
stems of vegetables, and very rard\ hones and sin li 

The middle division consists pnnup illy of 1 ng( con- 
uetioual oi lenticular masse- of a < ompuc t < ah minus 
grit, or sandstone King m sand The ‘-tone is in c 
grained, of a light f;rt y c olmir, lm lining to blue or gru n 
and is composed of 'sand, ct merited togethei by about 
- a pci cent of ci vs'alh/ed raiboimle of him. Its frac- 
tures hcqucnlly show glistening faces The lowc r por- 
tions ol this bed form a c onglomi iirtc, irncl contain 
julkhie s of quart/ and jasper, sometimes mdtnUy watei- 
worn (Of this stone uie tlnee oi four layers, fio/n l i 
or JJ inches to 1J or 2 feet, associated with sand ) The 
surface of the blocks is often covered with mammillary 
concretions These art the strfoa from winch Mr 
MiltHcll has drawn the astonishing prolusion of arum al 
and vegetable* icinams. Tire vegetables are wholly ot 
terrestrial origin, mostly of cryptogainous and gyrnno- 
spertnous structure. There are probably no zoophytfc 
remains. The testaeea (mostly casts), much resemble 
the Jaeuatnne genera, paludinu, umo, cyrena Fish- 
teeth and scales abound, with remains of a land tortoise, 
a fresh- water and a marine turtle, plesiosaurus, cro- 


codile, megalosaurue, hytaosauru*, iguanodon, and some 0 «c*w 
kinds of aquat re birds. Ot ii 

Irregular alternations of sand and sandstone, of 
various shades of green, yellow, and ferruginous, the 
surface often furrowed like the sand on the sea-shore, 
cover the whole group. 

The Horsham beds of sand and friable sandstone, 
grey, yellow, or ferruginous, with occasional inters per- 
srons of ironstone, and a very large proportion of disse- 
minated small linear poitioife of lignite, form the upper 
division of the Hastings group, and encircle t^ie im- 
mense Tilgate beds Tire sandstone is micaceous and 
feiiugmous and sometrfms holds a considerable pro- 
portion of calcareous muttei. These beds alternate with 
a stiff* grey loam or mail The lignite is conjectured to 
have been denved fiom cmbonized fern*. 

The Weald clay group, besides its general physical \\ unM ckr 
hut in es all tads mentioned, has little to detain us. The group 
sejUaria ot this clay are composed of a deep red, argilla- 
tunis nonstone, und with remains oi fishes and cy prides, 
oicm in hive is ot two m three feet in thickness m the 
uppei divisions of the clay. The shelly limestones, so 
weFI known by the mint of Sussex imublc, appeal to 
occupy elm fly the middle beds of the Weald clay They 
oi cm m layers of a Uw me lies oi afoot in thickness, sepa- 
rated fioin each other by scams of cliv or coarse fnahle 
limestone Tfic cotnpai t varieties, whe n polished, exhibit 
set trous of the enclosed shells These are usually re* 
fciitd to p.iludmu, and have been compared to tlu recent 
pa huh iia uvipara, md they are associate d with the shellv 
rein mis of a minute braurhiopode, (c vpns horn winch 
Lin umst.mci it e inhned lh.it the Weald clay is a laeus- 
tune deposit Tins shellv trial hlc occurs nil along tlu line 
of the \\t.dcicl.iy from Leighton to Pctvvoith, New 
digate, South »» f 'I dvcsier lull, and Bethersdin m Kent 
pot inida * and < \ r t na* lia\e been collected 1mm tins 
c lav 

r i tu evidence upon which it is now very g' m rally Of ( u sh 
admitted ihat tlu Y\<ahicn formation was a fit* h wnUr watu 
oi estiiiiv deposit, is founded upon a * oM< mplaltou ol on tf ni 
tlu oi gin it, it mains, and this subject admits of tliru 
gt neral ohs< i vat ions 

Fu \t 'flu k is m all the sti it \ of the \Y eaklen for rnu- 
tion w he tin i audy , aigillnceons, or calcareous, an almost 
entile ahsc n < ol d« cuied tit nine gen ra of -hells and 
/oophyta 1 ii p utic ular, the numerous und c hai.uteiislic 
lube of ammonite 1 nd In It innite s, of tngoimi , te jobr.i- 4 
tola, and os(rtM,ol cehimda stellemla, and polvpaiia, 

■are inlutlv ab , nt, a « n c u mstanc t* clttamly unparalleled , 

nr ativ si chon oi ccpi.il variety among vianne strata. 

Sunndly V\ hat shells the i e uu havesnoM geneially 
the forms of fush-u vtei oi httoiul genefa w .mul it inuv 
he remarked especially thai this kind of evidence bear* 
with most forte upon the middle .group. * 

Thiully The plants which ahnuigJ in this middle 
group aic ol tern** trial, or iparshy, and not ot marine 
origin, and the saurian remains also mdtctrfc the littoru. 
or marshy life of those monstrous animals, 

\\ e may therefore confidently adopt Mr MantelPs 
conclusion of the fresh water origin ot the materials of # 
the Tilgate beds, and suppose tfhesc material* to Ifove 
been deposited in an estuary by one oi many r, vers ; 
arid also refer to a similar place of deposit, the low# 
bed of limestone and clay, und the upper group or WealA 
clay ; but that the matenah of these argdlo-calcareousr 
deposits were also derived from the land is not yet 
proved in the some manner m has been done for the 
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CrfotanT’ arenaccfc-catcareoua deposits of the forest ridge What- 
Oh fl. ever may have been the causes, it is probable tl«t the 
change from the truly maftne Portland oolite to the 
supposed lanMnne Purbeck beds is gtctduaf , and the 
«jame must be said of the change from the Weald clay to 
the lower green sand The varying force with winch 
the water-floods of the land were introduced into the 
supposed estuaiy or gulf, may, pen haps, explain both 
gradations of the extreme^ groups and tliL dele mimed 
fresh-water origin ol *the middle gioup ot the YVcdldeu 
foi mati on 


Oohtu — Foreign Localities 

, U tfi and The oolitic system is so 1 ireely de\ doped in England 
■%\ ut, as to form a x<*y conspn umfs d n t t lit puocipd tea 
ture in its Physical Citoc,npli\ uidibcM tnu rtmilu i 
lions real h the Northern md V\ t sit i n t on ts of Sr oil i id 

and theEistun slum of lulmd Hut ilu i of 

these rocks is still huh exte ns u < n tiu ( outuunt of 
Furopt,anel ol >*-< un null at u in ol tin coutimi itum of 
the lowci formation of has cam m Noith Auhik i uul 
lit rtpi atul in Indi i luFimii i bio id l>» It of * ohtic 
rocks holders on t lie bast tin pum ir \ locks ot but 

tiny uul Li A end c md wtep* 1 in d Inc In in of 

Pun-* from the coisi \ I Norm uulv ( al\ oh « ) h T hi 
bus* Ah ik m Tun m c nimin, Puitm (Intern 

tonv, md Ntwis md thro i^l Itur^im !\ 1 1 tin h< 

< oiiili uul I on i ik lilt dou„ i hm horn \\t nis to 

JbuximbuT-, it but t tin si i (« m< mil mi of the 

Ankmu l n in I’mtn n tin oolites cciPnim tin in 
si hi \\ c tu ird to I > Roc In H S» utlm ml to \n v ,on 

h rrn l*ui m u\ ( ill i md the v cm t\ r I Mom lit m 

A httu dis ontmuity lure nu m but the i ihs ol 
Rhodr/ md tiu (lumii mount m s Iy (ontiiiiiiii 
tin in ilu s South Wcslwud to Montplli i < m u 
and 1 oi\ d< it ^ tin \ m tlu i n op ot t u P\ u iu t s i ) 
I'ontuilni md Noith 1 i tu ml to Mtuilimui uul 
(ire noble and so to tht Im i ml s mih 1 is w ml to 
JVI irsemlcs md \i f i un It into mu me^ d n nj i s flu 
whole mil il tlu l w # i cii oolite f l lu st loin Uior n 
1 u^,i H de \cloj id m mi ti fl m } nix nl n fi m i 
baud ou tlu si p * f tlu lbi< n i 

Along thcSwi br*dt*(l i i him mil flic lot <d 
carious chain of tiu luiu md tl i wl<n u i t t un 
ngion is i m iss ot tin oohtu i cut It is titiiioii 
gem r ally issunud on tin C t id m nl i i f\je <1 tm 
system and llu turns dm i k ilk bn i i im l»n u 
■ exact 1) (CjiuviUnt to unr oohti/ s\m< tn this is ton 

netted below rtu alluvnl \ il U y o* tlu s out with tlu 
, oolites ot Burgundy i ii Us (outimiuum Ncitbwnd 
tlu* Jura i fn r us pas in i broad belt thmugh \\ uitun 
beig Bav iria, nud„l rnuoiui uul mn.h the M um a 
it issues from tlu Boilemim mount mis 

IheJuia is fflsn eomucttd bv c tossing llu Rhone 
below (unt\a, with the him stout which follow the 
range of the Western Mps tiom Pi ounce through the 
Taicntaisc and Su\oy into the \ dus md coiitmucs 
along the Obi i laud mountims, turns tin Likes of 
• Tljmij Bnentz, Lucerne, and \\ ilbustadt, md thin 
beneath the 'Jyiokse and St\»um Alps bylnspniJ md 
^aUburg, lotto* neighbourhood of Vumn Nor is tins 
it)ie end of the enormous range, foi the Nortbc upholder 
the Carpathians about (Wow and Pynow n defined 
by vafet breadths of compact oolite * 

On the Southern Hide of (he Alp«, ttye suW limestones 
appear in gre&t force, and stretch through Illyria mid 
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Carniola to Trent, and the Lakes Guards, Iseo, Como, 

Lugano, and Magjpore. 

Besides these immense ranges of rocks of the oolitic 
area, man y smaller detached portions may be seen upon 
\ on Bneh*a and* other Maps, and one JO the Northern 
payt of France, ajemiid Boulogne, is of partienhir in- 
terest 

It appears, then, that the sea which deposited the 
oolites floated inund, or perhaps ‘covered the spaces 
where now rise on high the Alps, the Carpathians, the 
Ppenecs Amcrgnc tin \ osges the Black Forest, and 
Bohemian mountains, m gc ncnl corresponding to the 
basin in which tin snhfcious svsitm wasjormed The 
oripmd aiiaugumut of tlie rocks has been m places 
mum nseiv distm bed ind vast regions ha\e been de\as- 
tiud by floods, set no doubt tin gonoiul geographical 
outlmi s of tin swli in m m uh w Ii it they ulwass were 
It inn lot lu * m\ ilw i\«- in tlu pies* nt si ite of know 
led ( com ii nui-, tlu extent of suhteiram m moveniui^, 
to ^ t\ whitwuc llu depths md tlu shallows ot this 
*m it od in, but even low ml tins- vu\ consider d)lc 
n proxim LtioT s m s b< nude bviompmnctlu mint id 
md /oolo ( d in 1 hot inn tl (huuctcrsof the dc pc siU * 

in diflc k nt pin ( 

Not w ittistanding then \n t extent, it does not ip Duvions 
pi n tint tlu continent il oolitis u< m> when suli]t(tctTh«4^s> 
to < u it( r \ u i iti >n uul < (imposition 1h m tlu lughshbu 
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iu tin North of Fi i lie c most i f the gioups urki ow 
ltd td l v tin I iijjish ( k i > I ( >_ sts m iy lu ut ognisnl «s 
liu Ins mftnm ( ihft B itli c ohte ‘ou t maihii Oxfor 1 
tl s coil Inn ot I tc kim iiui'j c 1 w and even tlic 
Pot } md t> lilt (!)i It Ibcin tm / ham) and the 
oi line mini is m utlur uivsimihi oi identic ui 
But u tin \Kintv ot liu t mitt 4 - of \u\ngiic f is 
dilh u l to <h tm m ii nu it. til m tiu. Inis and out gu tl 
ouih ng in e-s ni o hits iudistmctl> tiinded cxicpt b\ 
h ivnu 11 the Inui } u< i ft mi- iiimm bt d ‘•orm-tin cs 
u omp mud 1\ him minis mdpobdil^ coiuspond 
n Ji th it ot th* ml< 1 1 i < ohu 

llu but hous us di nmtl> the* his, md a nuns of 
c demons mils si me times pikith oolitic, ill other 
phi ts ttiiin ol (omput ou isn>mill\ mtt l l amiii ilrtl 
witiuin hut ii u lb i i| di k tl m\ t Itar and s itisf ictm y 
thnsun r I lu hwu | uts iu often ft iruginous an i 
md\ md clcuh upusciit tlu mfuioi oolite Tf c 
uppi i p uts, in \ i i tilth ss In ulmixtuu of chlonlu grains 
md ludsol giun s md i) pc it to it pies*, nt tlu uppti 
oohtt sum ol t n s lui(l until is may he particularly 
ohaivtd m tin Silt a it is dill i utt not to allow that 
tlu ocditu md c u I lie mis sic nis aic united m the cap 
huh c#f tiu JtiM-kdk r l he should he compared with 
tlu puvious notices ot emn s md below the Portl md 
oolite Mb* Im nid ^nts dong tlu line ol the lku.tcru 
Alp (kailyhelmu 1 ft) the giun suui, and the relations 
of* tin luppin it( hnu stone which is at the top of the 
nlpiiu kilkstcin shows that the cancel which in I ng 
land mil Pit Noith gf ] i mu have occasioned sr/*/i ih 
(lihd difhicuus m tlu oohtic suicm, and establ^lud so 
nun\ gioups, did not obbun in these p*iiW It is ex- 
fiynth piobable that tl ih is inertly the' thfleuruc be 
tween littoral and pelagian deposits In England, gtne- 
ndly, the chstuibaiue of a shore is indicated by the moie 
mimeioub alternations, beds ol cl iy and smidstune, 
lolled shells, ripple marks, and land plants, and, wheie 
these characters go to extreme, the whole foi motions 
appear changed to a coal system borntthing like tins 
4 o * 
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as before mentioned, at the Porta Westphalia 
taliVlM greater part of the oolitic limestone of Fiance, 
Gertttatiy, and the Alps, appears to have been deposited 
lb deeper and more quiet waters. Through all these 
Oountricb the proportion of limestone to the more me- 
chanical deports is much greater than the nvcmge of 
the English series, the marks of disturbance are mostly 
Wanting, the lines of division are obli tern tech and the 
products ot the land mhequent Perhaps we may in 
this way account lor the smaller number of oigamc 
lernams belonging to the Alpine limestones, Im if these 
weic eminently pelagian, they should probably contain 
iewer marina exuviae, since we have good reason to 
believe that the deepest parts oi the sea, whm light ran 
baldly penetrate, and ail is dull repose, are almost de 
void of organic life. As the holders of u Desert aie rich 
in every vegetable hue and resonant with all the voices 
of animals, so are the borders ol the sea prolific of ex- 
istence, but the Sahara and the Ocean are equally dead at 
then mitre. 

The oolitic lextutc seems to lose itself in the same 
manner toward the Alps, amongst which it can be 
seldom seen, -and in gent ral the paucity ol organic io- 
niums is greatest in the most compact oi most eivstulline 
ol the vaueties ol these line stouts The Juia, through 
Us whole range m Wurleinbtig and Bav.iiia, umioimly 
shows upon the has a cap ol rocks associated witn sand, 
and often pussing upwat s into feirugmou*- oolite, and 
the same tluni happens above the lias of llanovei and 
Westphalia, 

Ju the centre of the German Jura, at Snlenhofeti and 
Eichstudl, oum beds ot white fissile limestone, now 
umveisully employed m lithograph}, which abound in 
organic it mams and ha\c been long supposed to he 
much tel tied to the Stomsficld slate Tins rel itiou is, 
perhaps not supported by then (itological position, 101 
this is mtiunly above not only the inlenor oobte pievi- 
ously desenbed, but also above a c onsnlmal it tlm Kness 
of Juia-kalk, and a vanable miss tit dolonntt M Von 
Dedim appeals to think these hedinj an ' nomalous c ha- 
rm ter, as indeed “then oigimc remains testily. The 
whok? of this slatv group is seen to thin out near the 
mouth of ih<‘ Altinuh 1 b tw^cii masses of dolomite, 
being entiiely MummmUd b\ gnen^and vid (itlaccmis 
deposits (Mmchisou, fia>t l*i o< 1 1 (linns ) '(’lie author 
ju-a quote rl inclines i<, the opinion tint »hc higher mem 
hers ol the oolitic groups of England, have not vet been 
Mt ikictonly defined i!i au> put of tiulial Gomany. 
This -,uhps t will he* soon deared up 1>\ the active and 
intelligent Geologists f ol Germany 

Disturbs Hu* of tin Oohhr System 

The pmallelism of beds over hng^ regions, ffie repe 
titiohs o< s m I n nicks at frequent mleiva’s, and the pra 
’dual change ot the spicusot in game remains lhiough‘ihe 
whole seiies appear to indicate th it the long pei rod when 
the oolitic system wasd< posited whm, one in wine h the ordi- 
nary opera ions ot Nature won uuiiitemipted by parox- 
ysms of igneops viohnci On viewing tin* whole senes of 
these strata and < onsidi i mg the maimer m which then out- 
crops follow one another, it appeal s that only a very few 
instances can be pointed out where an\ lads of the oolitic 
system are really u neon formed to others of the same 
system below them Apparent exceptions to this law are 
indeed presented by every detailed Geological Map, par- 
ticularly in the case otitbe coralline oolite, but this rock 


appears to haw b*en an irregular and limited deposit. It 
is, perhaps, hardly enough tojustify the term unconformity, 
to show that Rome of the upper beds of this system have 
probably been removed by wasting effects of water before 
the deposit of the incumbent day, as at Heddington. 
One case, however, may be mentioned, at Cave, in 
lorkshne, where, amidst the more striking phenomena 
of unronfornuty between the oolitic system and the 
chalk, there appeals reason tp believe that the deficiency 
in conihrasli and forest marble sy, terns may be ascribed 
to ix local unconformity of the stratification of the Kello- 
wav tot k Other instances will no doubt be discovered, 
but tliev will probably be found equally unimportant. 

The case, however, is entirely different when we trans- 
port on isc Ives to the period immediately following the 
dt posit ot the oolites Through a large pait of England 
the line ol the outciop of the chalk, green sand, &C. 
follows pretty exactly the range of the ool tie system, 
and ot course we must mlti that lor all those district* 
the bed uud boundary of the sea weie not at all changed 
in position in the liiteival between the two systems of 
strata But at uthu t\ti emits ol the range »he plane 
of the cit taeocHis ^ stein is earned m or the edges ol the 
oolites from the uppei to tlk lowei part ol the system, 
so that at Bishop V\ nton, m \oikshue, it rests within 
25 feet ot the top ot the red mail 

Jn Dorsctshue, the ch.dk and green sand by over 
extension rest on all the inembejsof the oolite in suc- 
cession, and at length, m Haldon, actually touch the red 
marl 

Mr Murchison, from lus interesting observations on 
the Orel ot Caithness, intent d that this giawiu mass hud 
been npheaved m a s olirljonn, and thus tli it the contigu 
ousor neiglibounug oolitic strata were bioktn up The 
breeci ited diaractei so fiequent m thes< limestones is re 
feiitd to a suhstqiuut recomposition of the Iragmcnted 
putts Without dwelling on other ( tines in tin British 
dominions, we mav fanlv inf 1 1 (tom thn impor taut oh- 
seiv ctioii, coupled with the fotmei uist*-., diet there was 
ancxlcusivt disturbance and augul.u me mien! in the 
intci inr ot the Eaith beneath the S*a m w li k h the oolites 
had been deposited ( ousuleiahle faults, ranging East 
and West, accompany the dilation ol the oolites in 
>orkshne ’ 

On the Continent \( ry extensive disturbances, hap 
penuig at the same eiu, show that this was indeed a , 
period when the convulsive < mrgics of the subterranean 
regions were strongly and extensively exerted. 

To this period M/Ehe de Beaunmnt refeis a very 
extensive line ol dislocations, connected 'with the eleva- 
tion of Mont Pi I at near Lyons, the (YUe d’Or, and the 
Ei/gelnrge it is observed that all these »kes ot eleva- 
tion range North Eastward and SoulJ. Westward, art] in 
the regions intermediate between Ulese, marking ridge* 
and lines ot undulated ratification uuA betrated m the 
same "North-Easlei n and booth Weshru direction, pai- 
Uculaily on the broad belt of the Jura 

Without insisting upon the exact parallelism ascribed 
by M de Beaumont to these lines of disturbance, we are 
warranted m admitting that to the convulsions at tins 
pciiod, the long I'uige of oolites connected with the 
ridges of the Jura both in France an«L Germany, an^ 
with the line of the Erzgebirge, owe, it not their actual 
height above the sea, some of then peculiar physical! 
features. The cretdceous system mi the vicinity of ihm 
tines of <ii«tuH»ai\Ce appears to f be unaffected by them, 
except by the new outlines which were then given to 
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the embosohii 05 oeefji, froin which at a later period 
the chalk* green aaud, &c. were deposited. * 

> The oolites which pass North-Westward from Lor- 
raine are probably continuous under the whole of the 
chalky plains of Picardy, but their superficial outcrop is 
extinguished by the overextension of the chalk to con- 
tact with the slates of the Ardennes, nor is it renewed 
on the Northern side of those mountains. Yet this case 
may not happen through any unconformity, but be a 
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consequence «f the irTflafttlar M «f Khdfcnt Mm 
Thus, the r«d sandstone may bp covered and concealed 
hy (he oolile, and the latter may he hidden below the 
chalk, anti yet there may be no unconformity- ;< This view 
is supported hy the successive coming out in proceed- 
ing to the Southeast from Avenues, first of the oolite, 
then of the keuper, muschelknlk. and ..red sandstone, 
from their abutments against the older slate*. ■■■ 





Table of Organic Remains in the Oolitic System . 

N, B. The different oolitic formations are designated, wheie known with certainty, by the letters/, m, and u, (lower, tjawldloy Upper,} 

attached to the several localities. 


Alg® 


Fihces 


* * Plants. (The names chiefly from Brongniart.) 

UutLsh Localities. 

Family. Nunu*. i r * j jlaB I rt Oolites. 

. ..Fucoule* furcatui Stoncsfield. /. 

Shako . * * * • * 

k cneelloidcs ♦ . . ■ . - 

undescribed . . England. 

Ku»isetttce«.*Kuuisetnm columnaie Vt lotby, A Bror.:, A 

laterals. Phil Seal borough, A 

. . .Glossoi»teiis Nilsuniaua ** rir ’ 

Phillijmii f Ditto,/. 

PocojderiK Vg.irdhiauu Ditto. 

p»»l\ podioides Ditto,/. 

denWuluta „ Ditto, A 

J'hiUipMt . . . Ditto,/. Collywestou,/. 

Whirluenhis Yorkshire’ coast. A 

Noi»heu>is 

temns * * 

Pmgrhi . . . . * * * ‘ * * * * * 

Kfgifi 

DiwnoycrMi 

recent iw , Pbil. Scarborough, A 

wihs, Phil Ditto,/. 

cupspit omi.* Phil. ....... l)i 4 t(», f . 

cnst.ita, Phil . . : Ditto, A Egtou, / 

Nemoptms loiutolia, Phil Scarborough. A 

Siilisriumturis hvnienonh) lloideH* Stonesth‘ld,A\\ liitby ,/. 

rromilata * Whitby, A 

deoticubila Ditto, A 

W llhumsnui . Ditto, .. 

niuo'opbylla StonesfieUl, A 

musroules, PJul Yorkshire coast, A 

digit ahi, Phil , StoneDield.A Whitby .A 

Tainiootei is lattloha * • • Ditto, / ditto, A 

♦viMhU * Whitby, A Ditto. 

Pachy ptui is lauceoluta Sail borough coast, A 

uvata Ditto, A 


Foreign 
la Llaa, 


Localities. 

In Oolites. 


Filicites Bcchei . 


I'yclojiVais digital a, Lm|| * Scarborough, A 

lienmi, Lind. Ditto, A 

* auricuiatn Ditto, A 

Oathrojlens memscioides * 

# (Pliylhtes oervolosuH, Phil.) .. Ditto, A 


Lyeopodiac«a?Xycopodites patens * • * ’ V *■*•;•* 

t ^ AY'dliumwm Ditto, A W hitby, *• 

fate at in*., Lind f * ‘ , 

Cvcadea . . , . Pteu*]il ullum WiUiamtuiui hilly com*, /. 

y cu.ni.lum, l’hil. Si-fr wroutfh coast, .. 

. minim 7 Scnibom.Bh, l. 

Nilmmi " » L 

dnbiurn * * * 

majus . * 4 

Zamites Beclnsi', Lyme Regis 

* Docklundii Ditto 

higotis 

hast at a 


Ditto . 
Ditto. 


Ditto. 

Ditto. 


Zdinia poctiuftta * Stonettfield* /. 

patent * Ditto, /. 

longifoba * Scarborough, /. 

wuuhforrnifi , * • Ditto, /. 

ekgftws * Ditto, A 


Rolenholbn, 

Ditto. 


Bornholm, A 
Ditto, A 
Ditto, A 
Mameis, A 
Ditto, A 


Bornholm, A Helsin 

bonrg, A 


Vosges. 


Mainers, A 
DdVhA 
Ditto,/. 
Ditto,/. 
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O#wlotr. f . 


Ir Liu* 


For«i$l Lorn] i tie*. 


In Oolite*. 


1 ^ M * v Brlilnh LoordiiteR. 

, Fttmll> k In Uns. Itt Oolite*. 

iamiA tioMUti Scarborough, /. 

, ' acuta * J>it1o T /. 

Iwvim L ' 

Yuuugii Ditto, l. 

Feneonm •* * Sttywwl, /. 

MntiUdli * . . * Ditto, /, 

.pec^n * Ditto, /. 

Nibonia brevis IT or. 

olongata Ditto. 

('ycaiU'oi(Kja ^mH"!iln|'hyllu,| Portland,.,. 

minmphylla, E. ...... Ditto, u. 

(amiferce . . . .Taxitea iiodoeurpioidei* Stoneaiield, i. f 

Biachyphyllum nmmiiidhire .’ AVlntby, /. 

Thuyfcy dtvuricata Shmostield, l. 

»• expanse , Ditto, /. ( lolly weaton,/. 

ucuti folia Stunesfield, /. . f 

tut pres niformis. Ditto. /. 

r' r i * i \\Ti -no f In lower, middle, and 

Conner® of uncertain tribes. . Whitby, &c j upper oolites. 

^dmiVa^^ } Ibicklandia S'tptamosa Stonestield, L 

Flabellaria vinmiiea .......... Whitby coas', /. 

(Julnnles N dsonn , * Ditto. 

Of uncertain 
tribes 


1 j-Mamimlluriu Pesnoyoisii , Manners, /. 


The Valorsiue and Tarcnlaiso slaty rocks, supposed 
by ftlie de Henumont to be of the ago of lias, contain 
plants of the carboniferous epoch* If the < Jeolo^ieal 
situation of these rocks be rightly determined, wo must 
conclude that certain tribes of plants which flourished 
in the carboniferous epoch, existed in the vicinity of this 
deposit, tinder some peculiar circumstances, through (he 
whole of the new red sandstone period, and were finally 
< extinguished at the commencement of the oolitic era. 
These plant.** arc in a singular state of conservation, the 
vegetable substances being replaced by tide-*- peril a ps 
Tv.i effect of the igneous agemv exerted in elevating the 
Alps, which is most remarkabk exhibited in the granite 
veins and interposed masses of the Yalorsine. The 
lias along the Alpine chain is frequently piismutr/.ed and 
converted into a kind ot slate. 

Pol vim in a. 

N. ft, The lias contains verj few bares of Pnhpnria Antho* 
phylhmi sessde is described by GoMfwss lioni “ the upper parr of 
the lias," Thtirnnu. 


Kamjlv. 


Name. 


Family 

Fdiiusa. „ Arhilluum dubi'im. 

clnurotoinuni 

lmmcnriun 


Upper I m a InmMnne of W\\ fern 
he»Pi Havana, Su uMtr> mil, .Xr 

Sulenhofen. 


. Stmthei g 
s . Ditto 
, lialthenn. 
cancel lat urn Drto. 


cost. it mu Sin- e. berg 

Id anon peri /a , Ditto. 

maigin ltuni ftmiendi 

unjuessum Muirgendnif, * 

Seyjdnn cylindrical Stveilbirg. 

ulegaus Thuruau. 

ciilnpora. Ditto. 

texltir.ita . Oiiengen. 

* cost at a ftairejith. 

• verrucoii . . ( /h.uiniout, Stujitberg. 

tex'atu Legerborg. 

c«nusa Puhs.iu. 

poly om mat a Streitberg. 

clathrata Ditto. 

milleporuta BuuxMith. 

parallel* ......... Streitberg. 

pjiilopnra. Muggimdorf. 

oblitjua Ditto. 

vttgorfa , Streitberg. 

teuuUina . , < Ditto. 


‘ 

t’l'pcr .torn limeRtoue of Wllrtrm 

.inn 

I'erp:, Jlaviirla, Swiuiuirlund. <Src 

in nrticulafa 

. . . M uggumlurf 

pynloruiis 

.. St red berg. 

punctata ....... 

, . Ditto. 

rad iu form tv 

. . Ditto. 

reticula! n 

.. Ditto. 

dictyota. 

. . Ditto. 

procumbent .... 

. . lbu rent h. 

paradova 

. . Ambe.rg, Streilberg. 

emplcura 

. . Strcitbeig. 

stneta . . 

. . Ditto, Muggendorf 

M unstem 

. . Stmiberg, Katisbon 

propin(|ua 

. . Stieitberg. 

cancel 1 at rf 

, Ditto. 

dtu'orat.i 

, lU'iggondorf. 

HumboMln 

.. Ditto 

Stci nlungii . . . . . 

. . Sited berg. 

Scbbittlieimii. . . . 

. . St re it berg, Thurnuu. 

secund.i 

. Stieitlvrg. 

verrucosa 

. . Dif.o, Wurgau. 

liionmt 

. . HaiuMith. 

iiitermediu. .... 

Htilfheini, 

Neesn 

r’t red berg. 

'"Iiiriwnatn ...... 

Dil'rt. 

*clathmtu 

, . Ditto, 

cel'ulosn 

. . ( tsimbruck, Ortenberg. 

» peiuroides 

. . Muggendorf. 

’•'.icetabuluni 

. , Streitberg, llanden. 

patella 

. - ILuuleu Siegmuitngeu. 

itptieruudes 

. . Wiirtemla‘rg. 

tuberosum 

. . KidHMiHtein." 

rad i,i turn 

, . Streitberg. 1 

riigiwurn ...... 

. Ditto. 

reticiilutum ..... 

. . Ditto. 

▼errucosuni ..... 

. . Ditto, i •» 

tubeiOHiirn 

. . Ibufetith. 

dumi lamellowurn . 

. . Kuudcu. t 

stellutum 

. . Ditto. 

NtruitojHinctanim 

. . Ditto. » 

umulosurn 

. . Ditto. 

inamiiiiliare ...... 

, . S'leitberg, 

rot alum. ........ 

. . Tbnrnau. 

tulierosum 

. . C'aen. 


granuluKum 

nstropbonirn 

capitatum 

tSjphonia pyriform i« 

Myrmecium bonmphHiricuni 


Streitberg. 
Hultheim. 
Am berg. * 
< 'haumoot. 
Tlutrjiim. 


The preceding catalogue of fibrous polypurm, ex* 
tracted from (Jolcffuss, ( Prirtfaekinkunfa ) contains, 
probably, many «pecies which fimher research will iden- 
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tify in England. All of them, except when the Joeali- in the following singularly abort list, which we will ven- 
marked l , are to be referred to the upper or middle ture to say ought to be decupled. 

All the ascertained British species are comprised 


lies are 
oolite. 


Spongia floriceps, Phil , , Yorkshire In middle oolite. 

davarioides, Lam.. ...... Wiltshire * . . Ditto. 

Alcyonium ? Ditto I>itfo. * 

Family. Name. British Localities. In the Oolites of Wtirtamberg, Bavaria. France, See. 

Corticifera Isis, Park, .a Caine, m. 

Celluhfera CelLepsra, orbicuUta Streitboig. 

echinuta . . - • . Haute Sonne, l. 

Coscinoporu sulcata. Swwseiland. 

Retapnra. Yorkshire, /. • 

FI ust r a \\ iltvhin*, /. 

Ceriopora radiciforims Thurnau. 

♦didtutoum . Ditto. 

♦glnvata" , Ditto 

striata Ditto, Strcitberg. 

* angulosa Thurnau. 

rtlata.... Ditto. 

enspa Ditto. 

favosa Ditto, Si reitheig 

rudiata. Thurnau 

compiessa, Mini Ditto 

orhiiMilata * . Haute Saone, /. 

Auloporu eompn t i<abenH*ein, Grafenberg, /. 

intermedia, Mi^ni St reitborg. 

deupiens Dux winter. 

dichotomy Streitberg. 

Knt Juphoru collarundes, Lam Normandy, /. 

Spirupoia tetragoiia Lain . , . . . . . : Caen, /. 

rrrspitosu, fjum. Wiltslme, / - N ortnaiidy, *. 

elegatis, Lam Ditto, /, 


UitriiMta Lam 


Ditto. /. 
i)irto, /. 
Ditto, /. 
Ditto, l. 
Ditto, l. 
Ditto, L 
Ditto, /, 
Ditto, (. 

Ditto, /. 

Lam. . . ’ , . Ditto,/. 

Ditto, /. 


huiiomni radi.it, 1 Lam ... . 
CUi\<um 1 d.miHK'htms, Lam . 

H.itli, /. 

. W iltslurr. /, 

Th'Hmen eluthialu, Lam. ... 

Ditto, 1 . 

lrlmonea trnjuetru, Lam. .... 

, ] hi to, / 

A.!< Ho dichofoui < t L nn. 

r Ditto, / * 

Here nice 1 diluvi ma Lam. ... 

. Ditto, 1 

Smuhu. Phil 

. St ailioiuugh /. 


Tprehill mil ramosissima. Lam. . Lath, /. 

Aiihlopo 
TUumimstuia L munmitixn, ^ 

• Le Sam age . . . J 

Milli'pota strum mi a J’hd Scai borough, /. 

dunietosa Lam . . . 

I'nit mtiosa, Lam 

comb **a 


I )itto, / / 

. . . .. .. Ditto, /. 

Ditto, /. 

p> ntc^nis .. . . . Ditto,/, 

uiaerociuhs Ditto, t. 

Couodu't) um Mri itmn Mioitborg. 

JLaniellifera Madrtpotu hnihata ...... Ileidenhcnu. 

Favonwi tnheiosa 1 Wiltshire, \oikslure, m 

Lxplaoana mesenlerma. Lain, 

• lohata i DaiiliUth. x 

ulvcolaris . ...... .... Ditto. 

, \ganci.i rot <ta Kandeuberg. 

bnlctiibrnus StassoiiH. 

* eravsa. Random 

gianidatn , . Hatthehn 

MoaiTd#>yn astroides Giengen. 

tenella Ditto. 

* Hoemmeringn Near Basle. 

Migmeum * ? Chuumont. 

* Astra j a inieronmON Muggendoif. 

conriuna Giengen, 

oeulafu Ditto. • 

alveolata Ileideuheim, 

heliuntUmdos Ditto, Giengwa. * 

ooniiueiiN Ditto, ditto. 

% rosacea . Baste. * 

carynphyllmdes Giengen. 

crisiatA ! Ditto, Htiidenhfejm. 

agarieites - , Salzburg. 

«exiadmta Giengen. 

liinhuta 4 Ditto. 

formoHA ♦, Snljshurg. 

pentagonalm, m,. ...... . Hiuthciro. 
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Family. 
Criuoidea . . . 
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Krtnvrti 

,Astr«a gracilis, m. . ■ 

liKplamirta 

tubulosui 

tubuhfera, Phil * - • • 

favosmndes, Smith 

ineuquaU*, Phil. 

xnicnut rou, Phil- 

arach nobles, Phil * . 

several other species, Smith, 

Li tho tie ml ron elegann 

compression 

gruuulosum 

Catyophylha annulata, Fleni. « . . 
cylmdricu, Phil. ........ 

truncata, Lam 

Brebissonn, Lain. * 

convex*, Phil. 

other species 

CyatlioplivUnm tiutiunabulum. . . 

inuctra . . 

Turbinoha dispai, Phil 

cuneata 

other species 

Anthophy Hum turlnnatum 

obeumeum 

sessile - 

Fungi* urlueulites, Lam 

lap vis 

numisinabs 

pohmoipha 

undulata. • 

disco) (lea 


ftrltedi Loadiiui*. 



tn the Oolite* of Wurttmberg, Bavaria, Frai»«» * c 

. Boil. 

. Wurtemberg. 

. Ditto. 


Wiltshire, m. Yorkshire, m. 
Wiltshire, t»t. Oxon,m. Yorkshire,*!. 
Malton, m. 

Yorkshire, tn. 

Malton, Wiltshire, Stc.m. 
in the lower oolite. 


Ditto. 

Ditto. 

Salaburg. 


* 


W iltshire, ml 

Malton, &c., Yorkshire, tn. 


. Normandy, /. 
. Ditto. 


Whitby coast, /. 

Wiltshire, Yorkshire, &e. I and m. Ditto. 

Hanz, Bamberg. 

‘ ’ 1 )itto, ditto. 


Malton, &C- rn. 


Salzburg. 


. Near Bath, /. 


. Bath,/. 


ITuttheim, Ileidcnheim. 
Ditto, ditto. 

Thurnau. 

Normandy, /. 
Swis&e^lund. 

(hen gen. 

Datiphmt. 

SaUburg. 

Ditto. 


RmiiIria. . 


Name. 

.Eugeniacridos caryophylla- 1 
tus, G J 

nutans, G 


Foreign ami British I oralitius 
in Lias 


compressos, G. * • 

pyritonne, M ... * • * 

xnomlitorme, M. . . . 

Horen, M. 

Solanocrinus rnsmtte*. G 

BcrobicubituB, M 

Jaeger, G • * • * • 

Kncrinhes echm itus. Schl . - / 

Pentacnnus bnarei.s W hittiy, Lyme, Boll, iLc, 

gubaugul.ii is But land 

basalt it"rrnis Alsaie. 

tubercul«n us Ditto. 

caput Medusa' Lyme, Whitby, Alsace 

scalaria, G * 


cingulatos, M. ..... 

peTituJgoii«ili 8 , G lloll ••***«*••• 

xnoinlilVrufitr M Baireuth. 

ttabsulcatus, M, .... Ditto. 

gulden**, M. * *“* 

paradoxus, G * 

Jurcnsis, 

Apiocriims rotuiidus * 

elongatus .. * 

rosaeena, Schl 

inespihformis, G , . 

Milleri, Schl. .......... 

flexuosim, G, 

oliconicus, G . 


Rhodocunus ? eehmatus, G. 

.Comatula pmmitx. G . ..... 

t ten ell a, G 

pectmata, G, ...... . 

fUiibrmiit, G 

undescribed, Phil. . . 
Ophiura Milleri, Phil. ..... 
gpeciosa, M, ....... 

corina ta, M 

Afltcria# lumbricalis, Schl.. . 
lanoeolata, G. 




Frethwn, Gloucestershire. 
Staithea, Yorkshire. 


Walzendorf, LichtenfUa. 
Lichtonfelfi. 

Port* WeatpbbUea, /. 


British Localities in Oolite. FW.gn Ucahdee in Oolite 

J Baireuth, Wurtemberg, Swiss- 

* 1 erland. 

( Streitberg.MuggenclorfjSwisg- 

* * * \ erland. 

Baireuth-, Wurtemberg. 

Randenberg. 

Baireuth, Swisaorland. 

* ’ Streil berg, ditto. 

Giengen, lleidteiheim. 

Thurnau, Stri»tberg. 

' Baireyth. * 

’ * Iluute .Sonne. 


Oxfordshire, A 


Yoikshire, /. Wiltshire, /. 
Wiltshire, /. 


Alsace. 

Streitberg, Thurnau. 
Ditto, ditto. 


Bath, /. 
Ditto. / 


Ditto. 
Malton, m 


* 




« 

Streitberg. , 
Baireuth, WiirtembeTg. 
llautc Saone. 

Alsace, W urtemberg. 
Solemn Retort. 

Soluure, W iirtomberg, 
Heidenheim, Giengen. 
Hatthemi, Wurtemberg. 
W urtemberg. 

Amberg, Swisserlund. 
Solenhoi'eu. 

, Ditto. 

. Ditto. 

. Ditto. ( 


Ditto, 

Ditto* 




« { , 



Family. Noma. 

SteUerida . . . Aster iaa Juransls, If 

, . tabulattt, G . ..... 

seutata, Q 

Btellifera, G ..... . 

priaca, G 

other sjwcies 

Echinida .... Cidaris maxi ram;, M. . . . 

Blumeubachii, M. 

nobihs, M 

elegans, Mi 

mmii4iferus, G. . » 
marginatiis, G. . . 

coronatus, G 

florigemma, Phil. . 
propmquus, M. . . . 
ghmditeruH, (t. . . 

Sehinulelii, M, 

Buchii, M 

erenulam. G. . . . . 
aulmiigulans, G. . 
variolar is, G 

vagans, Phil 

intermedia, Phil. . 
nionihpora, Phil. . 

other species 

Echinus get nun at is, Phil 

hneatus, G 

exeamtus. I.eske. . 

nodulosus, M 

hieroglyplneus, G. 
sulcutun, G 

Gnlentes depressus, I.am. 


FomIko and British Loc«Uti« BriUrti lb»mh»fa OeoUto. ' Fptrigli Lo^lita. to Oolllfc 

to Uai. , . j ■ 1 

.. ,•«, . .. .«/. 

, , . ..... i ■ t . .... * i Strtufbattf. 

Ditto* Hedigongtadt. 

Streitberg. v’’ , 

. . Wnaseralfingen, Wurtemb. 4 "". 

Bath,/. Malton, m. Yeovil,/, 

Baireuth* 

. . Pretateld 1 Thurnau, Mugganderf. 

. . Baireuth. 

Ditto. 

Switzerland, 

* ^Bavaria, Swisserlanch 

* J Wiltshire, in. Yorkshire, m. . Thurnau, Streittarg 

Strcitberg. # 

. . . , . * Altdorf, Randen. * 

- Dischuigen. 

. . Knneberg in Tyrol. 

Swabui, Swisserland. 

Baireuth. 

Strcitberg, Katisbou. 

^ Somersetshire, A Yorkshire, 

1 A Yorkshire, tn, A 

. . Spines of Cidaris Yorkshire, Wilts, m. 

, . Somersetshire anti Yorkshire. Yorkshire, in. 

« Neat Bath, /. 

, Yorkshire, in. Yorkshire, A 

Regensburg, Basle. 

| Regensburg. 

Buireuth. 

Regensburg, Thurnau. 

, . * Near Buireuth, &c. 

/Yorkshire, m. A Bath A) ■«, . . 

{ Haute Sauna, m f Havarm ' W ur “ ,mh * !, K- 


spent »sus\ M * • • Heidenheim. 

patella, M. Oxfurdshmi, A Normandy, A 

Nneleohtes granulo'sfts, M Ainberg, Streitberg, 

Reniigliibus, M. . , Pappunheim, Muuhean. 

excentrii us, til Kehlhuhn. 

eannliruUms, G - * * Stall elherg. 

scutatiH, G Swisserland. 

♦testmhnarius. G. . , * Baireuth, 

columbaria, G North ut France, A 

| Oxfordshue, m A Sumer- 

f'lypeuB sinuatUK, Leske * \ si tshire, A Yorksluie, m. 

einargiuntus*, Phil. .. * Yorkshire, in. 

. dmmkatuH, Phil Ditto, in. 

» j Yoikshtre, A Normandy, /. 

clunicnUria, Smith Bath, A Yorkshire,' in. 

{ Bath rn. ike. 

orbicularis, Phil. Yorkshire, A 

senusuliM^is, Phil J)ittu, A in. 

Spatangus ov.ihs. Plnl ...» Seal buio ugh, in. 

intermedins, M - * * Blauhcnron, \\ urtemberg. 

ret us i m, Lam Blaulieuren. 

cat inatus * - Baireuth, \\ intern berg. 

e apihtr.it us Bauepth. 

Clypeasti‘1 j>eutagoaa!ij»,Pbil Maltou in, ^ 


Family. 

Pbigymyona 


la Upper Oolite. 


Conchifi.ra. (The names chiefly from Sowerhy.) • 

# Name. |u L’um lu Lower Oolite. In Middle Oolite. 

.1?holaB recondita. Phil Million. 

Oxford Ileddmgton. 

Gastrodm'ii.? tmtuosa. . Bath, Yoiksluraf 

Panoyma gibbosa Y orkshire, Dundry. 

mtei media - Dundry. 

Pholadomya Murehiboni In Strasbnrg Muh. ... Y^ukhliire, Savoy 


.}* 


Y r orkshire. 


lirota Normandy. Dundiy, Haute Saone. ^ 

del to idea Neur Bath, Scarborough Ditto.* 


simplex, Phih 

olwoleta, Phil. . 

uhliijjuatH, Phil . Y orkth. Gundershofcii . Yorkshire. 

ovaliis Ditto. 

acutimuita ..... • Ditto * •**...* , 

nana, Phil Dittn. 4 

product* ...... Ditto, Bath* 

tidicida * Yorkah. Soowrs^ Sftvuy, 

,1 .... ..^,4 . * Dundry. , 


Cave, Scarborough. 

Scarborough. » 

..•j 

Normandy. .......... Portland. (Gonyb.) 

A ngnulfi me, Cahors , 
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G E O L 0 G V. 


In Lower Oolite. 


- , i Pajally. 1 'Name ^ Lhw. 

<.'<1^* iL" , , , - fS of France. Soluure.) « , . 

K#fflWy«*a .Pboladomya aiulngu* . | Bahlinj-ea ! / 1>uullr y ■ ■ •'* 

. -.V wqualix Normandy 

. v / gibbosit Normandy, Sol cure. 

•' Proteii, Bt,, 

Mya v, scripta ....... Yorkshire Bedford, Brora, Alsace. 

literate. ; Bath, Yorkshire 

anguhfora Bath. Alsace ? 

caiceiformis,Phd Yorkshire 

dil at a, Pliil Ditto. 

aquita, Phil Ditto. 

dcpicaua * 

mandibulota 

Lutraria Jurutiwi, Bt Liguy. 

X*ctra — Brand shy. Yorkshire. 


it) Middle Oolite. In Upper Oolite. 

Normandy. 

^ Weymouth. 

* Havre. 

Brora, Yorkshire. 

Yorkshire. 

i 

Yorkshire? Havre.!.. Yorkshire. 

• Angoultime, 



, Bath. 


N | w 


estow in Yofkshire 


Amphulesma deeurta-1 xr , , . i 

‘ turn, Phil. ,J YorUlur, coast,] 

rccurvum, Phil 

f»ecunfonne,Phil. Ditto, ditto. 

donaeiformc. Pli. Whitby roast. 

! \Vhithy coast, Balu 
linden, W uldhaeu- 
wnhnf. 

, i i iji -i t Y r orkshiie coast, Basl 
Corbula cardioirtos.l’hil ] , Ullll . Muorthc. ' 

depressa, Phil Yorkshire. 

ohscura Brora. 

curtansuta, I Mnl. 

SanguiitolAtiu undiibita Bruia, Scarhoio’, Bath 

clejraus Yorkshuv, Lincolnshire. 

Corbis umfornm, Phd. Whitby. 

lands . . 

avails, Phd 

Telhna amphuta, Phil 

Psannuobift bevi^ata.Ph Ymkshire 

Lucma dospectu, Phil Ditto. 

nassa, Plul * 

lirata. Phil 

(.rassma. .... A.to.n- ^ J mi , !>y cuakt , R. II. Bay, Yorkshire. 

clematis Yorkshire toast. 

lurid, i (!loue»*s1cruh'rt» 

cxc.nata Dimdry. 

tiigon*ilis Ditto. 

ovata. Smith 

orbicularis Auclifi’. 

jmnnla Ditto. 

tthena, Phil 

ejttenwi, Phil * 

cannula, Phil. . 

liueata 

rumsita . 

pluoata Noimand) 

rui^atrt Ditto. 

iinhricala Ditto. 

Voltzn. Ham. . , Vrsnul ‘ J Bunz. 

vaiicoMA Fehnershaii). 

Venn? • — . . . Yoikshire.. Yotk shire. Bath 

CjtliCM dolahra, Plul Ditto . , 

tritpuudlaiis, l 

Y l , . . (imidershofen 

loci mm. \ oltz. . Ditto 

cornea Y'oltz Ditto 

Pullastra ivcoiidita,P!u! Yorkshire. 

ohlata, Ph Ditto 

uiideti rimned Whitby. 

('ardiuni truoruiims ... V\ hit by coast. 

commit mu, Phil *l)itto. 

anjt.in^uliiin t Pli , . Ditto. 

lncerhiin, Phil Ditto. 

gibheriilimi.Phil. Ditto. 

utriatuhmi, Phd Ditto. 

• disdimile Polly west on 3 

•emiglalirum.Ph Yorkshire. 

cttriuoideuin, Ph Ditto, t 

lohfttum, Phil ^ ^ ^ j, 

•trintulum Ynikshirp, Brora, 

multicoHtatuin. } 

Beau 

Cardita mrrijli^ Dun Jr}, Yorkshire. 


Yorkshire 


Ditto* 


Ditto, 

Scar lav oueh. 


Yorkshire 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto 

Haute Saone. . , 
Scarborough. 


Haute Sao.ie 


Y'orkshiie. N. W'i:us 


M.iiton. 
Ditto 
Y orksldre 
Hnldmgton 


j ( hihnark, near \\ hv 
I l-MV. 


Votksh. Normamh, Ac. t 
Yorkshuc. 


■ Ur ira ... 

Yorkshire 

* 

DitV 


i Portland, near Avl# 1 *- 
[ bury, 9ftr. 



GEOLOGY, 




641 


CMo| 

Ch. 


DivUton. 


Kanw 


$!. Flagymyo na * Isocardi* rostrata «... 

excentrica, Volt*. 


U Liu. 


In Lower Oolite. 
Cotxwolds. 


In Middle Ooliu. 


concentrica 

nitida, Phil 

minima * 

Striata, Dorbigny 

angulata, Phil 

tumida, Phil 

rho^boidolis, J 

tener& 

Hippopodium pondcro Whithy coast, South I 

autn I of England j 

Trigonia 1|W», Y J whilbj , ottSt . 

* navis, Lam. • 

costata 

striata Figour, S of Franco . • 

elongata 

duphcata 

angulntn 

conjurigens, PJiil 

imhricata 

cusjmlata m ‘ 

pulliiH 

cl.ivt Data - 

gibbosa • 

incnrvtt, Benett, 

Unio ? crassissmius . . „ 
rrassUisculus . . . 

Listen „ . 


Yorkshire. 

Ditto. 

Ditto, Wilts. 


U» Oolite, 

f Portland, Kimme- 
l ridge, Haute Saone. 


? Yorkshire. 


Ditto, ditto, ditto. 


Kolloway in Wilts. 


Gimdershofcn. 

Hath, Vorksh. Alsace. 
Yorkshire, Dundry. 

Alsace, Wilts 

Sudbury, Normandy. 
Somersetsh. \ T orksh. 
Yorkshire. 

And iff. 

Ditto 

Ditto. 

Bath, Yorksh. Brora. 


Yorkshire. 

Ditto. 

Ditto, 


Ditto, Oxfordshire 
Normandy. 

Haute Snone, 


rone in nus 


I.mi olnshire, Sec. 
Yoikshire. 

Ditto 

j \ nrkshire, Bath, 
I Gnuindt, .... 


Portland, Tisbury. 
Tisbury. 


pongrimis, Phil. 

HhiJuctiiH, Fml % . Ynrkslme. 

Modiolu kevis Bomb \\ ales. 

. j (Central and Soutliern 

.l.-in.-ssn , KuK , ttlld . 

rmmuifi Ditto, ditto. 

llihana ...... Smith Wales, Whithy. 

j W hithv toast, West of 
t Scotland, &*t 


Middle Sc S of England. 
Bath. 

Yorkshire, Bath, ifcc, 

Y irk shire. 


scalpinm . . 


plicat.i . 


runout u ...... 

' ynbi until 

migi'.hit.i ..... 

os|wr«i 

rcntlnrinis 

gibbon* • ■ 

hipartitu * 

pulchr.i, Phil 

sulii’mmatUjLam - . 

e leg sins . 

tulipea, Lam 

piiMidii . . . . . 

livid, i, (iwidf . . ^ 

f ventricosii.tioldf 

, lm-lusa. Phil * 

L’Ahodomus 

Mytilus pectiuatus . . 

ruifesdiiR, Phil 

M ampliH 

hubkevV 

solenoiues ..... - - * ■ ■ 

Nucula ovum ........ W lot by. 

romphumta, Phil. Ditto. 

variabdiH 

luchrjma 

axuuformis, Phil ■ 

claviformis South of France 

* mucrnuata 

elliptic*., Phil 

uuda, Y. und B 

pectinatn . . * . * 

myoidea Mt*»de, Bant 

Xiaminevi, Deft. 

acnmioHta,V.Buch, . . . t* 

Inbuilt, V.Buch - • 


Bath, Collyweston. (.’lu- 
nar. 

Scarborough, Lineolnsh. 
Yorkshire, Bath. 

Yorkshire coast .... M,dton 
Ditto, 

Ball,. 

Ditto, Clmnar. 


Normandy . 


Yorkshiit*, Biota, 
Scarborough, Brma. 
Nortnaudy. 


North of France 
Brora. 


( lliaulbui. 
Soleurt*. 


Million. 


Bath, North of France. 


i Weymouth, Thame, 
Bochelle 


W hithy const. 
Until. 

Felmersliam. 
f. . . . 


labors. 


Bath, Yorkshire. 
Ditto’, 

Yorkshire, 

N i >rt h amptonshi re. 
Ancliff) near Bath. 


Wilts. 


Scarborough, 

Ditto. 

Normandy. 


Gmniershoten, 
Wisjjoldingen. 
Mitxuigen, Bopfingen. 


WOL. VI. 


4 f 
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Division. 


Name. 


In Lias. 


In Lower Oolite. 


Id Middle Oolite. 


Plagvmvhna . N ucula subovnlijs, Goldf. * * * • ^ unseralfingun. 

™ rostratn Ditto. 

elongata . ... Ditto, 

arcacou . . Dan?., Boiruuth. 

PcctunculuB minimus Anclifl'. 

oblongus Ditto. 

Area qiiadneulcata Malton, 

teinnla, Phil • Ditto. 

pulchru ....... Ditto. liochehe. 

trigonclla, H»n W usseraliinguu. 

elonguta, Iltvn. . Ditto. 

rostrata, limn Ditto. 

Cueullaea oblonga . Coll y weston, Dundry. . Ditto. , 

* elongate., Gloucestershire. ...... Yorkshire. 

reticulata, Phil. Y 01 Uhire coast. 

cancellata, Phil. Ditto. 

imperialist Dean Ditto. 

cyliniliica, Phil Yoikshiro 

minuta Ancl*ir 

rudis Ditto. 

, contractu, Phil Malton. 

triangularis, Phil ... * Ditto. 

concinna, Phil. . * Scarborough 

pectiimta, Phil Malton. 

ilecussatu . Normandy, 

ten sipiamosus, V. I Between Nuremberg 

Bnch f and Augsburg. 

contrarms, V r H, Wittberg. « 

cauaheubitus, G ( ulmluu li. 

Mesomyona Pinna folium, Y. and H Whitby coast. 

granulatn, lit. . Alsace, Aromiwehe ... Lft Rochelle. 

<piadrivalvi>, lit. Alsace. 

mills, Phil Scarborough. 

laiiceolutu Scarborough coast. 

cuncata, Dean . . Near Goxwohl, Yorksh. 

pinmgmu. Noimundy Normandy. 

Trigone! lites, or Aj>t\ 


Porter 


Malton, Yorkshire, 


Scarborough. 

Solenhoton 


Oxford, Yorkshire 


chus antupj, 
tus, Pint. . 
politic, Phil, 
discus 

hi'Vis ... ..... ILinzbeig n* ar Ambeig. 
hullatus,V Mover Ban/, lloll- 
elasina.V. Mover Ditto, ditto. 

Gervilha lata, Phil Yoikshire coast 

acuta ('oil) west on Yorkshire. 

| (iinulershoten. Hull, I 

.aviculoidfB ! Gemi>, Nurem4 

| berg, J Mnidry. . . J 

pernoi<h-8, De*l Normandy Normandy. 

tuhipifi, Dost Ditto Ditto. 

monutis, Desl JLtto. * 

costellabi, Deal Ditto 

Agenda lanreolata . . . Lyme. 

cWaniBoimo, j Mai, on. 

Phil i 

tousepluniii. Phil. * • Jhtto 

ovahs, Phil - Ditto.* 

e*xpansa. Phil Near Malton Ditto. 

Urttambmiensis Sciiiluirongh Broitt, Scur^awgh. 

k Yoikshm coast, Nor- 


lnseipu 


cy gmpes. 
ovutft . . , 
eotttuta . 
echmata 


( Yorkshire coast, Lyme, lYoik^hm coast, Nor- 
valviN. . . . J liaireuth, Ilarz, Gun- mandy . Danz, Seller 
| denhoieu ) penstedt. 


Phil. . Whitby coast. 


? Yorkshire. 

Mcleagrina t'ndomen- 1 , Caen 

sis, Defr. . . j 

PllKXXioma IUrma.ini lYorksh.ro, Bath, Al- 
n \ sace. 

j Path, Yorkshire, Gun- 
| dershofen, &c. 


Stonesfield. 

Bath, Normandy. 

A . Hath, Lincolnshire. 


gigiinteum 

rusticum • • . • Yorkihins. 

•eimlunnre Alsace. t 

pimctatum .... South \Vales, Figeac,. , Normandy, Duxulry. 

p«ti»oia cu ™... fS^ kCTidw 

concent rirum , West of Scotland. * 

duplicatum .... Rochfeldau, Path Norman iy .... . 


* 

la Upper Oolite 


t 
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Division. Name. 

Mesonayouii . Hagiostoraa lwviusculum 
rigidum 


In Liax. 


In Z/)wer Oolite. 


rigidulum, Phil Scarborough. 

cardiiformo Yorkshire, CilouceBterah. 

intewbnctum, j. Yorkshire. 

ovale * Bath, Mauriae. ...... 

ubscurum . » * 

kuIcuAutu . South of France. 

^ = » u "-’ V -| titufenherfr, Bopfingon. 

Lima gibbosa ? . Bath, Normandy. 

rudis Yorkshire 


In Middle Oolite. I* Vfjm OoUte. 

j Yorkshire, Oxfordshire, 

1 South of France. 

| Oxfordshire, Yorltsh. 

I France. 


Geology; 

Oh. IL 


Streitberg. 

Kelloways. 




i Yorkshire, Dundry, 

* proboacidea .? \ Normandy, Soleure 

* Buireuth, Basle. . 

. ( Middle and South of 

ant,, l" a I Ktiglmid, France. 

Pcoten l/imi*llosus . 

sublievis, Y 7 . & B. Whitby roast. 

ffiquivah'is ..... Yorkshire roast, Avalon. Bath. Gloucestershire. 

dentatns Bollerb.nl. I.eirestrrsh. 

virguliferub.Phil. (Germany Whitby const. 

ngidiw Near Bath. 

lens Bath, Haute Saone. . . . 

obsemrus . . T , Stoncsfield, Normuudy. 

fibrosus Bath. 

larnumtiis Ditto, Stonesfield. 

annuUtus heltnersbaui. 

bubaUis ...... Bath, Normandy ..... Dundry. 

abject us, Phil Yorkshire 

raos ..... .. Bath \ orl» shire ...... 


f Malton, &c. Oxford, 
( Brora. 


(Weymouth, Neuf- 
\ chatel 


Clucksgrove, Thame. 


demissua, 
iimilis . 


Phil. 


A urkshire. . . 
Haute Saoiie 


vmuneus 

carieellatus. Bean 
inrp(onei)statu«. 
l'l.il. . 

' cor nous 

Mount !-» sabnuia Hi on. 
Nimili*., Mun , . 


itu«. | 


Nomiandy. 


deruis.itn, Mon. 

rononnus, 1 1 . . 
i Kfrea 1* M iosci 


Hath, Amborg. 


( Ililileshemi, Bucko- 

' • \ ’‘.'Ut.br. 

„ . . U widen, \\ urtemberg 


Ma r sbi' 

p linn It, i 

lYlmei shmu \bsace 

j Biiili, i hon, North ol 


* ' ( b i am e. 

solitarm 

. . . „ . . Bath, \ orkshire 

Meadn 

obhcura. 

.... Batin 

Ditto 

j Diltu, North of France, 

* 4 

siiififurn Vhll 

* ) BwNwcilor. 

j \^ csteni Yorkshire, 

1 ms, name suone. 







► undosu, Bean * * • 


Oxford, M.dton 


Oxford, Yorkshire. 
Yoikshire. 

Ditto. 

Oxford. 

Ditto, Yorkshire, kc 
Yorkshire 

Oxioul Hint Y'oTkshire. 


Uegenuhnrir, 

P.«l>l»uuht‘llU. 


Yoikshire, Normandy- 


( Wey mouth, Yorkshire, 
i Havre. 


arrhetj tmin . 
deltmdea . , , 


(Wilts, Oxon, Wcy* 

t mouth. 

Yoikshire. 

Scarborough 

Ditto. 

Ditto- 


expium ...... 

nmntna, Desk 

phratiha 

•cannutu, f.tun 


f Havre, Oxfordshire, ' 
V Yorkshire. 
Chicksgrove, ftc. 


pectiuain . 


pennuna »- * 

flabellnides.Lam 

tubuhferu, Phil. ) rv.* *„ 

M. 8 } ’ * 1 

Oitrea irregularis. Mini Am berg. * 

ungula,'Muti.. . . Baut/Amherg. 


Nonu&udy. 

Ditto. (Do C'autn.) 
Ditto. 

f North of Franco. fBo* 
1 blaye.) 

Ditto, ditto. 

, North of Fiance. 


4 P* 


/ 



; <5 V C? Y 




Kose- 

Moaomyona .Ottttft *jrnama, Mfij.. 


In Middle Oolk*. 


In Liu. ^ln Lower Odlta. 

Bairettth. * 

simplicata, Muu. Ditto. 
riaxMut, V Buck. BaHlingen. 

Fxogyra digitata Wilts. 

mitna, Phil. ...» Yorkshire. 

crassa * Bath. 

reniformis,Goldf. *. Westphalia. 

/ Bath, Lincoln, Bayeux, 

Grypbaa incur*. { Meta, Scotland. 

r bium Figeae, Amberg ...... ? Caen. 

_ reusa, Phil... Yorkshire. 

(Bath, Scotland, South 
Bl “^ uata | of France. 

■ •—* * ... 

* gigantea. ...... Gloucestershire llrainster. 

gigus, Schl Mezieres, near Caen. 

ililatata.. 

hullata liincolnsh.Yorksh.Brf)ra. 

i nil* re ns, Phil Yorkshire. 

* f Oxford, Brora, North of 

* \ France- 

charaanformis,Ph Yorkshire, Brora. 

minutu Bath, 

• cymbina 

virgula, l)ef.. 

lituolu, Lam North of France. 

columba, B Northamptonshire. 



squamosa, Guldf. Llligsor, Brink. 

lnoceramusdubius. .... Whitby const. 

Pouidonia Bronnii, Guldf, Ubstadt, near Hruchsal. 

Perna quadrata Yorkshire 

iaogonoideSjGold Guudurshofen ..... 

Crenatula veutricosa ... Yorkshire, Bosworth. 

Brachiopoda .Lingula Beanii, Phil ... Yorkshire, Gundershofen. 

another species . Wnldenheim, Bas Rlun. 

Orbicula retlexa Yorkshire coast. 

„ radiata, Phil Malton. 

granulata Bath. 

latmima Yorkshire. 

Spirifera Walcott ii .... j“ atl .*’ p**"* Ht " 

v | bndes.South of xrance 

3 other species.. Bath. (Smith.; 

verrucosa, V. Bur h W iirtemberg, 

granulosa, Goldf. Ditto. 

Terebratula punctata. . . Rutland, Leicestershire ? 

ornithocephaia . . Lyme, Figenc Near Caen, Jura. ..... Yorkshire, Wutv 

lnm pan Lyme. ( 

serrata Ditto. 

acuta Yorkshire. 


la WppfrtoU*. 




i Wilts, Yorkshire, Haute 
\ Saone, & c. 


Kelloway Bridge. 

1 ilavre, Weymouth, Ox- 
\ ford, South of France, 


Yorksh.Northamptonsh. 
V aches Noires, Germs. 


bidens, Phil. • . . 


j Ditto, Gloucestershire, 


{ Alsace, W urteinberg 

triplicala, I*hU. . / Yorkah.re W.lrtcm- 
1 7 | berg, 1 human. , 

trilineatttjY. & B. Yorkshire Near Stokesley. 

cAiqjena. ...... Bath. 

{ R vor^h^ n : o1 . ,, r h ". w ’ 

•bovata Bath, Wilts. 

r— i«— » 

digona Bath, Wilts, Cuen. 

glob ala * Yorkshire, Nuiiney . , , ? Ditto, 

iierovalm Bath, Grantham. 

hullata Near Fromu. 

emarginatu Ditto. 

maxillata , Near Bath. 

sphamiidalis Dundry. 

copula Ilminater. 

resupinata Ditto. 

triqnetra Felmmham, Bedfontoh. 

caarctata Bath, * 

™*»euUta. Frome. 

hemisph«nca * „ Anclifl. , 

— • Uttto. 

,bmvkni* Ditto# 



g e 


In L1 m« 


iflUrerOolHfc la IHd4l» OoTO*. 

Yorkahire . • • . * Bfom* i. 

f Bath t Yorkshire, Chft- 
] iiar, Jura, 




DfriaUm. * 

Brachioj>oda.Tarebratula ovoides 
spinosa 

media Bath, Oxon, Jura, 

orbicularis . . Near Bath, 

fimbria Cheltenham, 

plicatolla Near Bridport. 

obsoleta Bath, Yorkshire, Jure* 

coucenna «... Aynhoe. 

aspera, Koenig. ... Bath. 

ii ahull uW AndifF, 

furcata Ditto. 

socialis, Phil Yorkshire. 

inconstans a Oxford/ Weymouth* 

• f Hohenzollern, Stufen- * 

nucleate Schl Ditto. 

Ydicata, Lam. ? Si reitberg. 

ioricata, Schl.. Bairenth, Thurnau. 

• .pinosa, Scht { Blomberg, near Do.mu- 

1 t eschingen. 

alata, Lam Hohenzollern, Neresheim, 

primal, Ilerault Caen, 

trilobate, Miin.. Porta Westph. Bavaria. 



SlOLLKSCA. 


Gasteropoda .Patella discoides, Belli . . 

Iwvis Whitby. 

rugotm 

ancyloidrs - . 

nana 

lata 

papyracua, Goldf. . Banz. 

Kinarginuln tricarinata 

sc alar in 

Fissurella clatlirata . . t 

PileoluH plicatus 

lfevis 

Bulla elongate, Phil 

AcUeon rctusuK, Phil 

glulier. Phd 

humeralis, Phil. 

cusptdatuN 

acuttiH . 

Auricula Sedgvici, Phil 

Cirrus carinatus Cheltenham. 

LenChii _ 

nodosus 

ciugulutus, Phil 

depresauM, Phil 

Solarium calix, Ityaii 

romudeuin 

Ddphitiula co roil at a ... 

other species 


Gundershofen. 

Hampton, Glouceaterah. 
And iff. 

Ditto. * 

Sbmtsfield. 


And iff. 

Ditty. 

Ditto. 

Ditto. 

Ditto. 


Scarborough. 

Ditto. 


Yorkshire coast. 

Ditto. 

And iff. 

Ditto. 

Blue Wick, Yorkshire. 

Dundry. 

Ditto, Yeovil. 


Ditto. 

Ditto. 


Yorkshire. 


Portland, 1. 


Anchff. 

Yorkshire. Yorkshire. 


Trochus and PUrnroto-l 


Alsace. 


maria duplicatus j 

simiks South of England Dundry. 

. • . J Cheltenham. South of) « T , 

, '“ ml ' r,ca ‘ u8 \ Kroner, Solnurr. . . f Normandy. 

• ai'Klicu. Uanh ‘ Saonc, Sherborn 

ornatus North of France 

grafiuUtus 

pyramidKttiH, Bean 

b*«tu«> Phil 

monihlectu:;. Phi' . 


duplicatus .... 

dimidiatus . . . 
punctatus 

rfSJongatus 

abbreviate . . . 

fanciatua 

eulcatu* ...... 

btcarinatus . . 
tomatilis, Phil. 


Dundry, Normandy. 

Yorkshire Ditto. 

Blue Wick, Yorkshire. 

Ditto. 

Ditto. • 

1 Little Sodbury, Nor- 
t mandy. 

( Little Sodbury, Gun- 
\ dershofen, Banz 
Little Sodbury. 

Dundry, Normandy, 
i Dundry, Wiltshire, 
t Normandy. 

Dundry, Normandy. 

Ditto, ditto. * * 

Ditto, ditto. 

Ditto, ditto Ditto. 

Ditto. 


i 



'r/Al 




iVM'Vn ‘ ■ 




Name. 


In IJm. 


G £ O l O G y. 


“la Lower Oolite. 


In Middle Oolite. 


*»«*•■ 

Gibbsii , Normandy. 

niJoticiformisjStahl Stuftmberg. 

nticidatui Normandy. Weymouth, Oxon, 

decorata,V.Buch, . . . Neuhausen. 

rugatus, Benett * * . 

Turbo ujicarmatHS, j Blue Wick, Yorkshire. 

Iwvigatus, Phil Ditto . 

obtusua Anclifl. 

undulatuH, Phil. . . Yorkshire coast. 

ornatns Dundry, Qundershofen. 

sulcostomuijphil Hacknes: , Yorkshire. 

funiculatus, Phil Mnlton. 

muricatufl (Scarborough, Wilt- 

t shue, W cymouth. 

rotundatus Normandy. 

costarius, D France. 

trochitormiH, Schl. Boll. 

Phasianella a net a. Phil Scarborough 

angulosa. \ Porta \VeHtphahcu,Il»n. 

Kisxoa hevw Ancliff. 

acuta Ditto. 

obliqunta Ditto. 

duplicate Ditto. , 

Turritello quadnvit- 1 Blue Wick, Yorkshire. 

. Phil I 


(a tipper OotUe* 


Tisbury. 


Geolt 
Oh. IT 



Blue W lek OxfoM. &c. 


Chilmnrk, Ac. 


Oxon.'l 

- Huvre.NorthW dtshire 


“■» 

Oxon, I Havre. 


tata. 

muncata 

excuvuta * 

echmata, Y. Buch. Bair/, Langheim. 

Ncrinea cmgennu { ' ‘“hiw” Bath'.*"™ 1 "."} Voc,t ' ,1,,ri ’ 

tubemilata, Blam . Neur Av.m uc Auxerre. 

m oh a* / Des 9 St. Mihicl, Pouilly. 

Cerithium ? interme-l New Mmden. 

diuni. Ihvn . . I 

Terebru mehuuontwi, I Mdlton and FlckenuR. 

Phil I 

granulate, Plul Scarborough coast Yorkshire. 

vetusta, Phil Ditto. 

Nation tumidulb Dniulry. 1‘orkshire. 

udducta „ Blue YVrch, Yoikshire. 

Smith.. Lincolnshire, Bath, &c. 

argute, Smith - Yorkshire, Wilts, &c. 

nodulata. Phil Million. 

emeta, Phil Ditto. 

Melanja? Ueddingto-^ j Yorkshire, Pundry, j Weymouth, 

neneis f * 1 Caen, Haute haunt 1 . ( heim. 

. . 4 , _ V 1 I ( Yorkshire, 

striata r ‘ Lymington ...... i oiksnire* ^ Weymouth. 

vitiata, Phil Yorkshire. 

. I Yorkshire. Dundry, 

,u,< ' ,Ufl ( Normandy. 

Flanorbis? euoinphalus > ? Bath. 

Ampullaria^igas, Von I Kahleberg near Kchte. 

Stroinb J 

Heliciua polita ( 'roprtdy. 

coftipressa Leicestershire. 

expansa Lyme. 

bohirioidos Ditto. , , 

Nerita sinuosa * ortlanu 

Uevigata. . Dundry. . . w 

ininuta . Anclitf. 

1 custata Dundry, Yorkshire. 

T 3 . ,, j , f Scarborough, Brora, 

Kostellaria composite f Wiltshire. 

bisjnmm.Vhil Scarborough. 

tnfida. Beau 

* — ■■■ -■ Phil. ...... Whitby coast. 

Buccinum lmihneatum AnclifI'. 

Pfceroceras ocea.n, lit Alsace, Mantua H* vr «> Haute Saane 

Ponti. Bt * Havre. 

Pelagi, Bt * ; * ' * V. 

MurexHaccauensis,Plul , 4 ......... . Hacknesa, Yorkshire, 

StMthW^cYork^re. 

cyUmlricum Devonshire. # 

quadrat um, Plul Scarborough, „ 

C*pbalopod*. BAnaiH^tubukr^ | Wjj)% coa#t 
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Geology. 


Division. 


Name, 


InLU*. 


iA 


^wet (Mlie. 


(H Middle OctHte. 


14 


Ch. II* C lephalopodaBelemnitez ©longatua,Mill bym, Whitby. 

aduneatuB, Mill. .. Lyme, Bath. 
c6m]>ret)feua,Phil. * Whitby coast, 
longissimus, Mill.. Lyme, Bath, 
pistilliformig, Bl. . Charmouth. 
n£utiw,B! Ditto. 

g emciUatus Ditto. 

rev is, Blain...,., Alois, 
apicicurvatus, Bl. . . Ditto, 
giganteus. B’A .... Ambcrg. 
penicillatus, Bl.... Kalins, Anduzc. 
biBulcatus, Bl. .... Caen. 

aalensiH, Bl. Voltz. 

amicus > Whitby. 

sulcatus, Mill ' South of F ranee . 

ellipticuB. Mill 

abbreviatus, Mill 

lusifonnis . . T 

gracilis, Plul 

trisulcatus, Bl 


64* 

UppwtWU*. ! 


compiessus, Bl 

ililatatuH, Bl. ..... Bdirtmth 

canaliculotus, Sdil 

longns, Volt/. 

ierrugmobtis. \ olt/ 

flennsulcdtus, Mou, . . . 


Sllbt lavdtub, Volt/. 
snbdepresviB, Volt/ 
h lbiifliwicatusVoits 
hreiiioruiih, Volt/, 
vcntroplanus, \ olt/ 
lungivuleatus, V oil/ 
trihdus, \ olt/ .... 
coiupnmnUis, V olt/' 

teums, Mun 

p.iKilltmus, Vhl. . 
acuauus Srhl . . . 
ci.issns, \ oil/ . . . 
tnpnrlitus, St* lil _ . . 
seimstnitus, Mini, 
oxj conus, lie 111 

tilling itus 

mcun dtus>, Held. . 

1 HllUllullS, Mllll . 
rosti’ituHj Held. . . . 

clavutiib. Blum ... 

teres Stiihl 

lievigat us, Z if ten . 
pupillatus, Pluming 
CdriiiiitiH, llehl , . . 
py^nueus, Zioti n . , 
uaisulcutus lloit.. 
bisulcatus. llart . . 
quathisulcittus.ii art, 
tnconoiiculutus, j 


Guudershoicn. 


Befort, Gun tiers ho fen. 


Bopfingen, liiureuth. 

Dundiy Malton 

Dundiy, Haute Kaonu. 

Duudrv, Yorkshire . Wn\ mouth 

Stonesficld Mahon. 

Srarhomiipi). 

North ot France. 
j Yorkshne coast, Guu- 
| demhofen, \c. 

/North of France. (Bo- 
| bloye.) 

Haute Niione. IJaute Sarnie 

► Ditto. 

Nvabid, Bavaria Ditto. 

| •* Bohrnuren. Mogglin- 
l gen Baimngen 

Umidershoieii 

Ditto. 

Ditto. 

Ditto. 

Ditto 


Bobhngen. 

Altdnrt. 

Bcl'urt, Boll 
Ban/, Altdorf 
Besan^on. 

A ltdorf. 

Ditto, Ban/, Boll. 

Lyme ilegis. 

Ban/, lioll. 

Ban/ 

Ditto. 

j Lyme, Boll, Atnberg, 
( Ban/, 

Gosbach, Y\ urtembeig. 

Boll. 

Ditto. 

Ditto 

Ditto. 

Wurtembcrg. 

Boll 

(•oppmgen. 

Stufenberg, 


, , . Stulenberg 


Ditto 


/ Hurt. 

(juaducanalii ul»i* / 

1 uh. Iliut. . . . f 

puMlliiS,*Mtm 

elftrmis, Mho 

umbilicatoN, Bl.. . . 

gladiuK, Bl 

Blamvdln, Volt/ 

hastutus, ill 

semihastatuN, Bl 

quinuuuHukaUi^Bl * . 

granuis, Schuller 

Jtumidus, Zicten 

acuhimiitus, Sell ul 

subhahtutus, Zicten 

bipart itm, Hart 

unicanahculatiiB, | , 

Hart. / , 

bican aliculalua, 1 •» 

Hart J 


Normandy 
Mctzmgen, Baireuth. 
Swobiu. 

Bmreuth, Bunz, Metz. 
Baireuth. 
Wiirtemberg. 
Stufenberg. 

Ditto. 

Ditto. 

Ditto. 

GrubingetL 

Donzdorf. 

Gunztoren. 


StroitbiMrg. 

South of Germany. 


i 






648 

DM* w. 
Cephalopoda, 


Group. 
Arietes, viz 


Falcifori, &c. . 


Amalthei 


G E O L O G Y. 


Nana*. In Liw. In Lower Oolite. J « Middle GoMe. 

fautilu* annularis, Phil. Whitby- i 

truncatuH Keynuiam. 

. A j Ditto, Lyme, Wttrtem* 

mtermediu. ( berg, il.ace. 

ftriatuH Lyme. 

a*tacoideg,Y.and B. Whitby. 

lineatu* 'Yorkshire, Bath Yorkshire, Bath, D undry. 

obesus Gloucestersh-Normandy. 

ainuatu* Yeovil. 

excavatus Dorsetshire. 4 

hexHgomu Yorkshire, CKon. « 

angulosus, D'Orb * • • * 

polygonalia - • • Ditto. 

reticulatua France. * 


Ip Upper Oolite. 


Geology. 

Ch, It 


Isle d’Aix. 


Name. In Llan 

.Bucklandi Bath, Whitby . 


Ammonites, 

British LucnlUit'ti. 


In Oolite. 


Conybeari Ditto, ditto . v 

Turnen ......... Whitby. D cui.et 

Brooki 1 Lyme. 

Smith ii Near Yeovil. 

rot i for mis Near Bath. 

Krnlion, Rein 

obtusus Yorkshire. 

stellaris Lyme. 

multicostatus Bath. 

Walcottii Whitby, Bath, Lyme. 


redenrensis Rcdcar, Yorkshire. 

. Strangwaysii Yeovil, A Gloucestersh. /. 

elegans ......... Yorkshire Yeovil, / Bath,/. 

striatulus Whitby 

Mulgravius,Y. & H. Yorkshire 

Lytheusis, Y.atidli. Ditto 

ovatus, Y. and B . Ditto, 
impendent*. Y ..vndB. Ditto, 
exarotus V. and B. Ditto. 

plum>rlnformi»,Muji . 

canaliculatus, Miin - 


Foreign Localities. 

In Jans. , In Oolite, 

r Near Donaueschingen, 

I 

jMeurtne, near Donau- 
I esc hm gen, Phil. 


Stuttgart. 


/North and South of 
i France, Boll, Be fort, 

( Aehelberg. 

fGundt-nholvn, Alt/lorf. l rlnu . e Saono. < 

( Boll 1 

Boll, Normandy. 

Bus Khin 
Bull. 

Meurthe. 


Bavnrta 


Murchison® Bndport, Hebrides . 

syibradiatus Bath 

heviuHCulus Whitby coast DumPv 

depressing, Bon . •• Ditto. Boveux. 


rW • is> lm-iM'S// Fursten* 
j b erg,w B«]hlingeu,r». 
j CfUiidershoUm, Wis- 
goldmgen, Guslar. 


fonticola, Murch. 


Deluci. Bgt I 

bums. Sow. . , . . J 

comen sis, V. Buch - 

r • I Dundry, IlnnnMor, 

f#ln,er i VV »r lemlit’rg .... 

safaris, Phil Scarborough c.ilc gi it. 

obliif irttiis, Y.an.lB. Whitby. 

Boulbieiisis.Y'. Hi B Ditto. 

jugosus Ilminster, /. 

Greenovii ..... .... Lyme 

LoNcornbn ....... Ditto « 

Stokesn Bndport 

vittatus, Phil Whitby. 1 

acutus 


rThumau, Bamberg, 

, . Dives, Besan^on 
l Iiaute Saone, m, 

.. Neuhaueen, #n. 

. . Ditto, m. 

(Normandy. South of 
v \ France, WUrteaib, 


Dunkeabuhl, 

* 1 

{ Normandy. South of 
France, W urtemberg.* 


Bigmifer, Phil. . . \ 

cost ul at us, Rem. f 

colubrutus, Muntf 

Johnstnmi Watrhet. 

Clevelandieus . . , Whitby coast, 
crenulnm, Phil. Whitby, 

heterophyllus .... \\ hithv coast, 
knticulans, Phil.. . Lyme Regis. 
Hawkerensis, Y. \ 

and IL, > Whitby coast . 
nodulftsius, Schl. t 


Normandy 

WiiMHCfalfingeu. 

( W aichingen, Dii nkes- 
\ buhl. 


; Haute Saone! Wnawv 
[ raltingeu. 


.♦Wurtemberg. 
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i — Amaltluu 


Hrltlxh Localities. Foreign Localities. 

Name. In Linn. In Oolite, In Lias. In Oolite. 

.alteruanK, V. Hucli * / Fr ?“. t° 

• ( Swisserhiud, m. 

rsscr!T > 

quadratic Normandy /. 

excavatus ! Oxford, m. Walton, ..I | N AuXrf 


Geology, 

Ch.iX. 


Lamherti Portland, u. 


omphaUndes Ditto, u. Hebrides, m. 

cristatus Weymouth, u 


{ Rochelle, v. Aarau ,m. 
Bamberg, m. Ellig- 
serbrink, m. 
Normandy, m. 

| IlauteSuune, m. Gut* 


tenlierg, m. Streit 

% l berg, in. 

pustulatuB. Rein * Thurrftm,w. Coburg, m 

funiferus, Plnl Yorkshire, in. • 

discus Lyme Bedford,/. Kpuichingen, /. 

toodosua * Scarliurougli. 

Ilex i costatus, Phil Ditto, in. 

Capricorni plamcoMtatus (fl^larstou, Lyme Ilurz, Amberg, Altdorf. 

mnculatun Wlntby coast Bahhngeu, Heligoland. 

{ NecKur, ThiiiHiugen, 

\\ lUcrbon^ieaiSchip 

peiislmlt. 

N.S Gutidersbofen. 

scutatns, V. Buch , Han/., (juppiugen. 

natrix, Sold | 

I Altdoit. 

* r Normandy, Monde, 

I ( 'onflaiis,Keniierstorf t 
j Anstorf, Boll, Bahiin- 
» l gen, Banz, Ac. 

bait eat us, Ph.l Ditto. 

J.iintsom \ oi kshuc, Hebrides. 

brewspma \\ iiitby. Hebrides. 

g.ig.iUus, Y. and B Whitbj coast. 

KUnulati um.d.Un, ... ! IK.il.y \c , M,m, 


augulatus, Schl. f n ( 
anguliferus, Phil / 


fimbriatus Whitby 


communis .... Ditto 

aiigidutus Ditto 

cr.is^u,, \ ,md U . \\ lilt l»y T , 1 1 nn.il.iy an mtn 

tuple* | Ross, ( ’lomartv . Lm- 

| lollishlle 

Purhirisom Bath 


funi(?ul.\ns, \ , Bucli Vic 

triplicates Million, >n , Poillaiid, u 


( d’Or, Wiiitembcig. 


} / R.unlen.;/i Raths'e i 

J sen.r/i Stredberg m. 

Haute Saone, i\ 

I Nonuand},/. 

. TheSwissJ ura,/. Was- 

YeoisK/, -j .seialfuuren./. Witgul- 

1 dmgen, Bopfiiigen 


phcatilis 


Malton, m , Oifoid. in . 


f Random in x Swabia. 
| ///., Normandy, i. 

, Haute Saoni*, Perc> 
(‘ham pel, 


, name lsuoi 
J le grand 
j Raiulen, i 


trilidus . 

i 

•bifurcatus, Sckl 





Portland, ,t 

• 

i\ .. 

»* ■ * * 

Oxford, ///. 

• 


{ Isle d AiX, u 
j hirsk, on i1hA\ olgu. 


( Rathsbausen, m , 
| Lochenherg, in., 
\ Coburg, in , Bat - 
* lentil, m. 

tnfurcuVus, Rem W urlemhorg 

t \ orks]iire,t/. Lincoln - 1 

( shirr, u j 


Liti..,K«ig 


. . , , - ... 

j \\ dtslure, m , York- ^ 


. . 

( shire, in f * * ‘ * ' * * ‘ * 


pbconi|ihalus. | 
lufftahilis i 

umltiradia 

Kamigii 

Brow Dnndrv, L 

lonRidontaw, V. I (’.ouevdlo 

Bueb I , 

inutabihs, Phil Seal borough, m. 

ybuiurbis \\ alchet. 

mtexceiiK, Y.aud B. Whitby, 
arcigerens, Plnl. . . Ditto, Cheltenham. * 

«rugutus, Bean. .. Whitbj Cave, Ac tairegim, De la Beebe.* 


Normandy • 

i Willibaldsbnrg near 
l Kichstedt . 

) Hohenzobem /.Gum* 
[ tnelhausi n, /. 


t/i . ( it*n. / 


* From the same locality Mr. De lu Beebe figures A. rylindncus, stellu, Phillipsii, biformis, Listeri ? coregnensis, Ctunloni. nrticulatie 
di^cretuv, ventiicoMUS, com plus, cateimtus, trajiezoidalis. Man. of Uco/. p. 319. ■* 
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GEOLOGY, 


Oniony. 

Ch.ll. 


Group. 

Doreati, 


Coronarii 


Macrocephali 


Arm at i 


Dent at i 


Ornati 


’Flexiiosi 


Name. 

, arniatiiH 

DaViPi 

fihulatus 

auburmatus • • . . 

Brodupi 

.rrenatus, Rein. . 
ILmnphresi.uuiH . 
Hollcnsis, Z.eten 
Bechn 


In Liar. 
Whitby, Bath . 

Lyme 

Whitby. 

Ditto. 

i 


I.yme. 


B labile ni 


Brakenrulgii 

Vernoni, Dean 

contractus 

dubius, Schl , . 

Gowerianus . 

Huchii Ditto 

tumulus, Rem . 

in flat ns. Hein. . 

Sutherbm(ba*,Sow J 

subbrvis . 

modudans, Smith. 

Heiveyi 

terebiiitus, Phil 

Banksii 

Brocbii . 

Gervillu 

Rrongniarti 

subc armatns,Y .&,]) . VV hit by. 


.peiarmatus 

longispmus. 

catena 

biarmntns,V Zieten. 

athleta, Phil 

Ziplius, Ilehl. 

Wilhanisoin, Phil. 

Hit kerne 

bifrons, Phil 

IrevigHtus Lyme Regm. 

Hirchu Lying 

.Jason, Rein \ 

Callovu nsiB, Sow. J 

Guliehni, Sow .... 

hylas, Hein. 

Duycani 

« 

A. Pollux, Rem 


British Localllle*. 

In polite. 


Foreign LoeallUe*. 

In L(n». J a Oolite. 

f N ormandy, Haute 

( Saone, m. 


Pouilly near Autun. 


Portland, u. 


Duudr\, / South of France. 

Roll. 

Rottweil, Bahfmgen. 

j Scarbmough. A Sher- ^ 

( home, A, DundiyJ. J * 

f 

Dundry, / 

Scarborough, wi.Brora, in. * 

Dundr) , / 

# 

j Scarborough, m . Cro- 
( arty, ///. 


Germany, m. 


{ Spaiklmgen, A, Met- 
rmgeu, A, Norman- 
dy, A 

{ Normandy, A, Ger- 
many, m. t Gam- 
melshausen, m. 

Normandy, A 
J Gammelshausen, A 
l Thu mau, A 


Meziercs. 


...... Brora, m., Scarborough, in 

J Wiltshire, m , Yoik-J t 

f shut*, m. ........ j 

Bath, /. 

j Wiltshire, A, Lincoln-^ 
t shire,/ .Yorkshire,/. J 
Voikslure, /. 

...... Sherborne,/ 

Dundry, / 


Yeovil, /. 


< Aarau, »m., Coburg, m. 
{ V aches N oires, m. 
j Kamleii. m.y Thurnau, 
y in. Statlelborg, mi . 
i Near Randcn,n< , near 
t Vdlmgon, m. 

j Wnrternherg, /., Bnva- 
\ ria,/.,Sivisserlaml,A 

Basle, A 
Haute Saone, A 
Noimandy 
Ditto, /. 


Yorkshire,/., Oxford,/. 

Berkshire, m. 

Yorkshire, in. 

Ditto, 1/1 

Scarborough, m. 


(Near Bunz, in., near 
J Niirubi-rg. /// , Ibm- 
| den, w/., Normandy, 
l m. 


(('leschiebe Lei Berlin.) 
Normandy, m. 


Giippingcu. 

Lifollejietit,Gammel»- 
h.iusen, A, B clo- 
set z k near Orenburg. 

(Wiltshire, in . , York -1 , 

| .hire, m. } Wl.^erbr.nk, 

| * 

j Scarborough, m St.) j Normandy, in., Haute 

( N cot’s, 7/1 f t •Saone, in. 

j Normandy, wi., Gos- 

* * * * * * j Hr, vt., Thurnau, m. 


gemmatus. Phil Scarborough, m . 

spinov’im, Sow Weymouth, in # 4 «■ 

cast oi, Rem. * r 

pustulatutf, Rein. . Coburg, Thurnau. 

g. f « . • f Along the whole Ger- 

fw«u 3 , Mim \ Jlira . m> 

asper Neufchtttel, », 

oculatua, Phil t Yorkshire, m. 


Unarranged Foreign Spines. 

A. granuhitus, Bt 


Remecliii, lioll 

gigiis, Zieten. 

Sowerbn, Moll Dundry, A * 

Dealoiigchttfiipii, \ 

Bold / \ 

vulgaris, Buhl. 

corrugatus, & «... Dundry ?«.. 

i 


Coburg, m . 
Di|to. 


North of France, A f 

Ditto. 

Ditto. 
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Naum. 


Drituh Localities 

In Lius. , In Oolites. 


Foreign Localities. 

In Llae. In Oolite* 


Family. 

Cephalopoda A. interruptus, Bchl Haute Saone, m, 

decorut un, Ziet Guttenberg, l. 

bipartitus, Ziet Ditto. 

bispinoHiiH. Ziet. Wasseralfingeti, 4 

Scaphites refructiiB,Rem Gammclshuusen, 4 

Yoannii ■ Batmen Alpes. 

Handles unnulafuH,De»h France. 

Mini Rabeustein, Tliuruau. 

Turrites Bahili, Bt. 1 North of France. 

Onycholouthia^ angini- } Solonhofea. 

Loligo priscus, Rllppell Ditto. 

autiquu, Mini. . . Ditto. , 

Sepia hasttr to inns, Rupp. Ditto. * 

■ Lyme Regis. 

Rliyncolites Lyme, Bath. 

* * Annulosa. 


Nnmn ^ 

Vermiculari.t concinna, rail. . 

l.i an. 

Lcwim Oolite. 

. Yorkshire coast . 

compressa, Y. and II, . 

i 


oval a 



nodus 

Serpula cupitata. Phil 

deplexa. Bean 

squamosa, Phil 

i n test n mbs 

K. Hood's Buy, YorLsbne. 

. Westow, Yorkshire. 

. Yorkshire -"oust. 

uiiudi.'ita . 


Seurlmroinrb. Ilnth. 


tnangidata 

tehagona 

ruiiciiiuta 


, Brad lord, Wilts. 

, Ditto, ditto. 


Middle Oolite. 
Scarborough. 


Ditto. 

Ditto. 

Ditto. 

Shotover, Oxon. 


(I*rh'( faefenkt/nde) has figured ami described fort) -two sppcics of* serpula from the oolitic 
According to Von Dechen Iheir Geological relations arc as under: — 

Serpula filaria, G Grsrfenberg 

sociahs, G Havana, Swabia. 


N. B. Gold fuss 

system of (iennany and France. 

From the L^is. 

Serpula tiicrif.tata, Goldf Ban7. 

«juiii(]inrristata, Mini. . . . Ditto. 

cuTiuahs. Mun Ditto. 

quwaiuesukuta, Mun . . . Haireuth. 

coinplanuta ........... Ditto. 

From the Lower Oolites, 

limax, G Baireuth. 

lituiionnis, Mun Ditio 

capit.ita, G Stieitberg 

J iin.it a, Miiu. » Ditto 

plicnlilis, Mil n ’ - - . . . Gnidenlwrg. 

spiiohuiles, Mun Stroitbcig. 

trir.irmutu, G Rabciistein. 

peutagona, G Stieitberg. 

quadnlutera, G -It ibenstem. 

qiuuliiHtnutii, (i Hirrach. ( Burgundy.) 

caimliculiita, Mun Streitherg. 

♦ volubihs, Mun Rabenstein. 

cmguluta, Muu Stuutheig. 

suliNtnutii, Mun Rabenstein. 

tt.iccidu, G. . . . • Raoensttm, Alsace. 


From the Upper Oolites. 


grand is Ileidenheim,(ulso in lower oolites.) 

conform is, G Buxweder. 

delphinula, G Streitherg, Thurnau. 

gibhosa, G Mugi;endoi’f. 

nodulosa, G. ......... .Streitherg. 

qunu|uaiigularis, G. . . .Normandy. 

prolifera. G Streitherg. 

planorhiforrms, M. Ditto, Thurnau. 

trochleat.i, M Streitheg. 

inacroeephahi. M Thurnau. 

heluulonnis. G Neufeliatel, Haute Rive. 

qu.idnstuatu, G Ainherg 

comulul.i, M ......... Stienherg, Baueulh, txc 

Desluoesii, M Streitherg. 

spiralis M Mugircml. Nuttli. Ileidenh. 

flageiiom, M S rnlherg. 

gonhalis, Si hi Nntth Heidonh. Rnx'.ieii*r. 

lotereepta. G Stieitberg. Culmbach. 

Ilium, G Slieitbeig, Thuinau. 


N.itiw* 

^stacus longimanus Kcrnig. . L\me 

rostiatus. Phil 

ntitis, Phil. MS 

scahrorfus, Phil MS 

New gAus ? Phil. MS 

Cancer 


The followmg are from Solenhofen : — 

Abtacus spiuiinaniiN, Germ, 
leptudartylus, Germ, 
niodestiforniis Hull. 

. mi nut us, Iloll. 

fuciformis, Iloll. 

* Pagurus mysticus, Germ. 
ScyJlarus duhius, Iloll. 
Kryon Cuvieri, Desra. 


CmisTAcn\. 

Lias. Lowei Oolite Middle Oolite. 

Scarborough Scarborough, Multon 

Ditto. 


Miilton. 

Scarborough. 

* Multon. 

Kryon Schlutthdmii, Iloll. 
acutus, Germ, 
tmiticus, Germ, 
ttpinitnanus, Germ. 

Mecochyrus locust a. 

Pal lemon spinipes, Dem. 

# BquillanuH.Dora. 

Wdlchii, HoU. 


Insects. 


Traces of Insects occur at Stones field, and very fine specimens of libellnlidte and hymeaoptera at Solenhofen. 

4 q 2 


i 
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Reptilia. 

r This list is principally taken from Von Meyer's Palaiologicu and De la Beche’s Manual . 

Family of Saurians . 

Pterodactylus macronyx, Buckl In lias, Lyme Regis. 

longirostris, Cuv In slaty limestone, Kichstadt. 

brevirostris, Cuv Ditto, ditto. 

grandis, Cuv. * ‘ Ditto, Solenhofen. 

Bucklundi, Von Meyer Lower oolite, Stonesfield. 

crassirostris, Goldf. In slaty limestone, Solenhofen. 

tnedius, Mun lu oolite, Manltelm. i 

Munsten, Goldf Ditto. * 

Crocodilus cylindrirostns, Cuv. In lias, Altdorf. 

prisms, Soem In oolite, Munlieim. 

, Altdorfensis, Cuv In lias, Altdorf; in Kimmeridge clay, fymfleur, Havre. ^ 

• Geoffroyi, Von Meyer In Kimmeridge clay, Houlleur, Havre. 

« Of Mans, Cuv In oolite ? 

nniio*orminn/i l* as Yorkshire, Lyme Regis; in cornbrash, Northamptonshire, Stonesfield 

e rmm . species . . ^ slate, and coralline oolite of Yorkshire.* * 

Teleosaurua Cadomensis, G. St. H In oolite, Caen. 

Geosaunis Bollensis, J®g In lias, Hull. 

Socmmeringii In slaty limestone, Solenhofen. 

* McgalosauriiN Bucklundi In Stonesfield slate. 

In oolite, Normandy. 

Lacerta Neptunin, Goldf Manheim 

Iguanodon Mantelli, Von Meyer In the Weulden formation, Tilgate. 

Ilylwosaurus , Mantcll Ditto, ditto. , 

Pleurosaurus, Goldf., Von Meyer In slaty limestone, Solenhofen. 

Rhacheosaurus gracilis, Von Meyer Ditto, ditto. 

Family Enahosauri , Conyl). * 

lditliyosauruK communis, De la B. and C « . In lias, Lyme, Yorkshire, Doll, Ac. 

tenuirostris, Ik* la D. and C Ditto, ditto. 

plutyodon, De la D and C Ditto, Lyme, Doll. 

intermedins, De la D. and C. Ditto, ditto. 

giandipes, Sharpe , . . v In has 

comformis, Ilaslan Ditto, Duth. 

other species In tin* has and Kimmeridge clay. 

Plesiosaurus dolichodeirus, Con) h In lias, Dorsetshire, Ac. 

recent lor, Conyb In Kimmeridge chi), K a gland, Normamly. 

cannatus, Conyb. In oolite, Boulogne 

pentagonns. Cuv. Ditto, Hallow, Chaufour 

trigonus ? Cuv Ditto, Calvados. 

„ inacrocepliuluK. Conyb In lias. Lyme R» gis. 

new species, Hawkins Ditto, Somersetshire. 

Family Che loniu. 

Kinys, Mantell . , In the. YV'ealden, Sussex, Jura, Solenhofen. 

Chelomn of Gians, Cuv In han> Plattenhurg in Gians 

others Stonesfield, Sussex, Solenhofen. 


Didelphis Ducklandi, Broderip. 


Mam MALTA. 

In Stonesfield slate. Pour specimens of the low*r jaw exist, They are in the 
cabinets of Dr. Rockland, Mr. \V. J. Broderip, M. C. Prevost, and the York- 
shire Philosophical Society. The latter specimen was obtained from Stones- 
field by Mi. Platt, and by him tranuferre d to Sir Christopher Sykes, Bart., 
in whose collection, now the property of the Rev. C. Sykes, it was discovered, 
by tlie writer of these pages. 


Naim*. 


PlRCKS. 
Hi itisll LuU.llllll'M. 


In Lias. In Oolites. 

Unrus gracifis, Agassi/. ♦ Wilrtemberg. 

Snuropsis lalns, Ag Ditto. 

Ptycholepis Hollensis, Ag Boll, 

Semionntu* leptoeephalus, Ag t Zell, near Boll. 9 % 

Lepulotes gigas, Ag Ohmdorii, near Boll. 

frondosns, Ag t «... . Zell. 

ornntus, Ag * * Wurtemberg. 

Leptolepih Broumi. Ag Near Dunaueschiugen. 

Jiegeri, Ag Zell. 

longns, Ag Ditto. 

I’ctragonolepis heteroderma, A Ditto. 

ttpniciiictuK, Bionn ? 

phohdotus, A g Ditto. 

Truillii, Ag Kngland South of Germany ? 

altivelis Ag ^ Ditto ? 

Dapedium politum, De la Beche Lyme Ri;gis, Ac. 

Fish teeth and palates Ditto, Bath, Ac { ^ °0^ fo rtTshTre, ' 

Ichthyocopros Lyme ,• 

Undescribed fishes 


Foreign LoruhtiCQ 

In Lias. * In Oolites. 


r** 


Barrow, Whitby ...... Portland, u t Ac. 


Normandy. 
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The following are from the metamorphie lias of mineral ingredients, and not less characteristically marked 
Glarus formerly called greywacke slate. * by peculiar marine exuvj®. Chalk and green sands 

Zeus Reglwysianus, Bl. are terms understood by all the Geologists of Northern 

pltttiNsft, Bl. Europe ; and even on the Southern side of the Alps 

* « i Mpmosns, Bl. their representatives may be recognised. 

1 W ,¥'«'»"<!. •>» of o!,..k hill, lb™ . ^ 

elon^ata, Bl. geographical feature even more important than that of ir J‘ 

ru^apteriK Bl. the oolites; for though in general not so elevated, they 

Anenchelmn Glajuiamim, Bl. are less interrupted and more extensive, more uniform 

The following are from the lithographic limestone of iw composition, and therefore more identical in aspect. 


Solenhoien, Pappenheim, Manheim, and Eichstedt. 

Clupra encraaicholoide^ Germ, 
dubiu, HI 
Knorru, Bl. 

S.ilmouen, BJ. 

Davidei, Bl. 

Piccilea dulmi, Bl Anspacb ? 

Atlieruiii Ibivarica, Germ. 

Em>x aviroNtris, Germ. 

acutirostris, Bl. 

StromateiM huxu^ouuh, Germ 
Ichthyobtbus csocifbrmiN, Germ, 
lucnformis, Genu. 

And specieR supposed to belong to ryprmub ? pcrca P R(|italus, 
sseus ? chwtodon ? spams. 

w 

( itnvral Summa ry . 

Plants marine 4 These occur in the limestones 

, . . . fThese are found in the sand- 

tem. 8 tr. 4 l cry,) umn. aton , K u ,„] c(m | h |, a le». T l» 

K ym„os,Hnnuu S . .I.,s ^ j „ com,., .bed 

.uonototylMlo.iou.Ac.-H „ * fa . 


coal is principally composed 
nf cijuiseta. 

Polyparia fibrous 75 C’onchifera hrachiojKida . . 61 

eoiticiieroui and I ^ Mollusca gastrro]mda . . . Ill 

celiulilcrous . J cephalopoda . . 273 

hunelhterous . . . 69 Ammlosa 55 

Kadiaria crinonlea 31 (’lustaroa 22 

Ntcllcrida 7 Insects 

uclumda 47 Fishes . . 40 

Couchifera plagymyona . 1^9 Reptiles 40 

mesomyona .... 131 Mammalia ] 

Total number of species 1272 

It is impossible, to close this extensive catalogue of 
the plants and animal remains of the oolitic period with- 
out acknowledging the great value of Mr. De la Beebe’s 
laborious investigations in this yet inexhausted field. In 
the German translation of his Manual of (i eulogy, for 
which we are indebted to M. Von Deehen, are many 
, important additions and improvements. 

Cretaceous System. 

That a peculiar type, of mineralogieal character, be- 
longs to each system of formations, must have been suffi- 
ciently evident, through the* whole course of our inves- 
tigation. The gneiss and mica slate system, the clay 
sluts system, the Ihnejdones ol the carboniferous system, 
the coloured marls add magnesian limestones of the 
saliferous system? the oolites, are all resting points for the 
mind, and mpidst a multitude of shades and gradations, 
strongly impress upon us the distinctive features of the 
several periods of time at which these so different rocks 
were in a predominant degree produced. 

Mineral characters alone, when lightly used, are in 
many instances sufficient to determine the Geological 
relations of ev</n distant regions; and when conjoined 
with the evidence of organic remains, and controlled 
,J>y careful survey of the Mratu above and below, they 
form a secure groundwork for topographical Geology. 

The cretaceous system. fs equally definite as any ol the 


The chalk hills form the first great ridge which is to be 
crossed from the Eastern side of the Island, and nothing 
can be more remarkable or instructive tha/i such a jour- 
ney. On approaching these broad hills from the.level 
or gently undulated plains of the Eastern Counties, or 
the clay vales of the oolite system, the country changes 
entirely. The streams run in smoothly sloping valleys, 
the hills rise witli beautiful swells into a long waving 
outline, seldom broken by a tree, but often capped by * 

an ancient tumulus. Arrived on the summit, sve behold 
a mighty extent of broadly undulated laud with abun- 
dance of depasturing cattle, but few habitations of men. 

A variety of plants, eminently characteristic of calca- 
reous soil, force themselves on the attention; flints 
abound in the lields, chalk is cut through m the roads, 
the soil is thin, the herbage short, the surface dry, and 1 

we tel ourselves in a new physical region. 

This impression is continued when we observe more, 
carefully (he numerous undulations upon the surface of 
the “wolds;” for all these may be traced intocoimertion 
as so many ramifications of greater valleys, which them- 
selves often unite, and pursue a considerable course 
without enclosing even the smallest rill, or showing * 
even the maik of a watercourse. These dry valhyts 
descend from their origin in regular slopes, and are 
clearly the work of water, operating with great force,* 
and for some time, blit in the present system of Nature 
the watery agent lias wholly disappeared. 

The rums ate absorbed as fast as they fall upon this 
dry surface, and sink to considerable depths in the rock, 
where they are treasured up in reset* loirs to supply the 
deej) wells and the constant springs which issue at lower 
levels. 

In a word, broad, swelling hills, smooth, winding, often 
dry valleys, and a bare dry, grassy, surface, are the ge- 
neral features ol the chalky districts. 

This character of surface belongs, as Dr. Lister re- 
marked long ago, to the chalk wdlds of Yorkshire, Lin- 
colnshire, Norfolk, Suffolk, Berks, Wilts, Dorset; Hamp- 
shire, Surrey, Kent, and Sussex. # * 

The cretaceous system forms properly but one forma- Groups of 
lion. Supposing the whole to be present in a single the *y item, 
section, we should have the following general senes. 


Chtik group. 

Green Rand 
group. 


{ /'. Fpper chalk, with abundance of Hints in layers 
a u 4 nodules. 

e. Lower chalk, with fewer flints. 
d. Ch.dk marl, or malm. 

I c. l-ppei green sand, malm rock, or ihostone. 
i b. Gault clay . 

* u . Lower green nand or iron sand. 


many instances sufficient to determine the Geological d and c are sometimes indistinguishable. The lower 
relations of evAi distant regions; and when conjoined green sand generally forms u distinct ridge, which may 
with the evidence of organic remains, and controlled even exceed the chalk in height. 

t>y careful survey of the stratu above and below, they The complete system here presented occurs in many 
form a secure groundwork for topographical Geology. parts of Kent, Sussex, and Hampshire, but generally in 
The cretaceous system. N equally definite as any of the other parts of England the sections are modified, so as 
Others with respect to the distinctness of its prevailing to present only partial assemblages of the beds, some- 
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Geology* times one, sometimes another being’ deficient ; and with 
Ch. ft respect to the malm rock, great differences being observa- 
ble, Thus, in Wiltshire, where Mr. Smith took the 
type of this formation, we have the upper green sand 
remarkably developed ; the lower one and the gault are 
contracted. 

Chalk upper 1 500 feet. 

lower J 

Chalk marl 100 

r. Green, grey, and yellow sand 1*20 

Gault . 50 

Lower green sand 30 

Along the Tine of chalk hills from the valley of the 
Thames to Lynn, the upper green sand is almost lost 
in the chalk marl and gault ; green grains being mixed 
with the former, and still more in the upper layers of 
the latter. In Bedfordshire, the chalk marl produces 
a bed of silicious, chalky stone, winch may probably he 
analogous to the firestone of Mesterham in Surrey, 
which is determined to belong to t he upper green sand 
series. Indeed, the sections along tins part of the 
chalk range are very similar to those of Sussex and 
Kent. 

In Lincolnshire we meet with a new feature, a band 
of red chalk ; at the base of that, thick rock ; under this 
no upper green sand, and generally no gault, but the 
chalk rests upon a thick series of greenish mid lerm- 
ginous sands, with included beds of sandy limestone, 
full of fossils resembling those of the lower green sand 
of Kent. This country has been very badly represented 
in all our maps. 

In Yorkshire, the cretaceous system consists of 
• Tipper chalk. 

i/owcr chalk and traces of chalk marl. 

lied band of chalk. 

(vault with green grains passing downwards into 
Kimtnondgo day, without the intervention of the lower 
green sand. 

From several recent researches abroad it lias been 
thought that the chalk group of England and France 
is impel feet in the'upper terms, and that the well-known 
Maestricht beds, and the recently investigated (iosau 
beds, appear to soften the transition from the chalk to the 
true ternary strata. If Mr. Webster's observation of a 
supcrcretaccous marl in the Isle of Wight belong to this 
era, analogous deposits are not absolutely wanting in 
England. We shall now trace the history of these 
several members of tire green sand and chalk groups, 
beginning as usual with the lowest. 

The lower In Lincolnshire, thp lower green sand is a consider* 
green Mud. a hk* mass of yellow, often very irony sand, forming, to- 
sandL ^ Wlir ^ ^ Ie West, poor heaths upon the Kimmeridgc clay, 
•Shanklin exactly like those about Lynn, Ampthill, and Godstoue. 
■ftnrtt, ftp ) It contains a good deal of bad ochre, very similar to 
that\jf Shotovcr Hill, and lines ofoxydeof iron like that 
‘of Ryegate. Beds of grey stone, blue within, fiat- 
bedded, sandy, and full of fossils, lie in it, and afford 
excellent road materials. Thesc # are dug at Tealby, 
Market Stain Ion, Ludford, Cawkwell, Blnstone Heath, 
Stainton in the Hole, he. It has considerable resem- 
blance to the kentish rag, and contains exogyru sinuosa, 
t pecten cinctua, plagiostornata, serpulaj, ammonites, alcyo- 

niform bodies, email corals, and many other fossils ; but 
echini and belemnites appear unknown' in it. From 
these details it is evident that the stratum has all the 
most decided characters of lower green sand. It is 
exposed by denudation^ in the chalk, and also ranges on 


the West of the wolds for a great length by Rasen, Les- (Most, 
sington, Linwood, &c. to Louth. The whole thickness ^ ^ 

is probably 100 feet. These notices are partly derived 
from personal observation in 1821, but principally from 
a special visit to the district in 1833 with two friends, ' 

Messrs. Dikes and Lee of Hull, who have fully ex- 
plored it. 

As usual in coloured sands, (this stratum often contains 
veins of perfectly white sand! At Lynn this has been 
found of value for the glass-house* In Cambridgeshire 
and through Huntingdonshire, the iron sand forms a 
narrow course of low hijls, but through Bedfordshire 
and Buckinghamshire it takes a commanding station, 
forming heathy ridges from Potton to Woburn, and 
through Buckinghamshire . and Oxfordshire, capping 
Bnckhill and Bull Hills, Shotover Ilill, Cumnor Hurst, 
and Furingdon Clump. In Wiltshire, Spy Park, Bow'ood, 

Seend 11 ill, arc capped by these beds, but they are sup- 
posed to t liin out to the South, and to be lost, until in 
Blackdowu they are probably associated with the upper 
ffreen sand. In the Isle of Purbeck and ihe Isle of 
W ig[it it is an important rock, and, as observed before, 
encircles the whole of the Wealden formation of Kent 
and Sussex. , 

Through the whole of its range from Cambridgeshire 
into Wiltshire it is a highly lei riiginmis sand, with 
spheroidal or merely irregular concretions of oxyde of 
iron, frecpieutly enclosing a coarse brown ochre. At 
Shotovcr, the fine yellow ochre forms two irregular beds, 
separated by a thin parting of clay. Fuller’s earth also 
occurs in it in layers in Bedfordshire, especially at Wo- 
burn. (iiams of green sand abound in some layers of 
these beds in Bedfordshire and Buckinghamshire, and 
constitute it a real green sand Chert laveis also are 
formed in it, and many of the beds assume the aspect of 
coai.se conglomerate, used by the ancient Britons for the 
making of tpiern stones or earstoues, whence Mr. Smith 
gave this name as a syiionyme of the iron sand. Fossil 
wood is ficqueut in these beds. In Bedfordshire its 
thickness nmv be stated at 100 feet; m»v* Wiltshire Mr. 

Lonsdale finds it 30. 

In the Isle of Purbeck, the iron sand consists of many 
beds of quartzose conglomerate and of course and fine 
grained sandstones, eoiituinnfg beds of wood coal. In 
the Isle of Wbght, dark red ferruginous sandstones in 
the upper part, and alternations of red and yellow ferru- • 
ginniis sands and clays in the lower part, form the 
substance of all the ijoutheru hall pf the Island, and 
contribute much to the beauty of the scenery of the 
Undercliff*. \ 

In its long course around the Wealds, of Kent and • 
Sussex, the lower green sand presents, with the general 
characters noticed above, some lncpl peculiarities of •in- 
terest. In Leith Ilill, its exteiftled nlateau makes a 
commanding teature, and shows a great thickness of 
brown* sands, with abundance of chert, w # ith confluent 
grains passing into chalcedony, and some alcyonites like 
those of the Isle of Wight. 

The importance of the lower green sand as a geo- 
graphical feature diminishes as it proceeds round the 
South side of the Weald, but the Northern range is 
generally elevated and remarkably contiguous by Rye- 
gate, Nutfield, and Maidstone to Hythe and Folkstone. * 

At llyegate it is almost exactly like the ferruginous rocky 
of Woburn; at N infield it produces beds of fuller’s 
earth ; from 'Maidstone to Hythe and Folkstone Ihe 
sands are in general remarkably, and even excessively* 
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Geology* rich in green grains and nodules, and contain beds of 
Ch. II. whitish limestone, sometimes chalky and often cherty, 
with green grains, considerably rich in ammonites, trochi, 

. cnrdia, pectens, hitrariie, exogyrae, echiuites, and other 
fossils. These beds may be generally called Kentish 
rag. Some of them are of a dark grey colour, very hard, 
full of green grains, and rich in many fossils, some of 
which are usually found ij the upper green sand. The 
cherty beds of Leith Hilland Haslemcre are probably 
the representatives of these calcareo-silicious layers. 

Some of the beds of lower green sand about Folk- 
stone are excessively coarse in <he grain, and absolutely 
crammed with green grains and nodules. The large 
species of exogvra is very frequent, and appears charac- 
teristic. The blue marl op gault rests immediately on 
the sandy beds. 

Th.* gault The gault or golt is an argillaceous member of the green 
^Svii^Blue 8 T0U P» g rt *at interest to the Conehologist, since 
Marl of UC * n Kent, Surrey, Sussex, Wiltshire. Cambridgeshire, and 
Tets worth Yorkshire, it yields a most rich supply of molluscous re- 
ind Folk- mains, many of them minute and of the greatest beauty, 
done, Mu'u- accompanies the lower green sand around the whole 
rirth flCt " district .of the Weald, separates die upper and lower green 
S.mth.) sand in the Isles of Wight and Pmbeck, and follows with 
the same relations the range of the green iron sand 
through Wilts and Berks, Buckinghamshire and Bedford- 
shire, mid Cambridgeshire, and appears in Yorkshire with- 
out either upper or lower green sands immediately below 
the chalk. Its average thickness may be fauly esti- 
mated at 1 00 feet, and it universally forms a character- 
istic narrow valley under the chalk. No remarkable 
peculiarity of mincralogical aspect or chemical composi- 
tion distinguishes the gault, except a general tendency to 
admit green grains into its more sandy portions. It 
produces a capital buck earth fit for while bricks, in 
the midland Counties It is often oi a very dark blue, 
but sometimes of a light grey colour. Near Folks! one 
it contains in the lower part a remarkable layer of small, 
irregular, ironstone nodules, every one of which is 
formed round an limniouitc. A similar layer contains 
similar ammonites at Steppinglcy Park, Bedfoidshire. 
At Spec-ton in Yorkshire oval nodules of similar nature 
generally enclose small ^specimens of astaeus. Small 
belcmnites, hanutes, ammonites, nuculie, striated tcrebra- 
tulfie, serpube, Ac. abound in the gault, and serve udmi- 

* rubly to complete the catalogues of fossils of the creta- 
ceous system. 

D»* upper The upper greensand was firsUexamined in Wiltshire, 
;it-un sand, where it consists of green, grey, and irony sands, immedi- 
ately subjacent to the chalk, and affording passages for 
• the collected vrater of that thick deposit downward to the 
gault. The green grains there assumed to be character- 
istic of these strata -are now known to occur in older 
sands, (in calculous grit, for instance,) and in much 
more recent beds, (as above the chalk frequently,) yet still 
the green lies* of the sands immediately below chalk is a 
curious general fact. They are, however, quite as often 
grey or even w hitish, with a remarkable tendency in the 
grains to coalesce into meagre sandstone, sandy chert, and 
at*length semitransparent and chalcedonic chert. These 
effects are particularly to be observed among specimens 
of the sponges, and so called alcyonia, which abound in 

* the green sand group. It is easy to understand now so 
. ^variable a mass of sands placed immediately below the 

chalk, and clearly in many places (as at Havre) gra- 
duating into thut calcareous rock, should in several in- 
stances become so cretaceous as to be hardly distinguish- 


able from the chalk itself. This happens in Bedford- Oeolory. 
shire, where the Tatfenhoe stone appears to be the 
representative of the upper green sand, in Surrey at 
Merstham, in Dorsetshire at Beer. Round the Weald 
of Surrey and Sussex, the malm rock, which is certainly 
coeval with -the Wiltshire green sand, (Murchison,) 
and also with the Merstham firestone, occasionally shows 
many green grains, and at Beechy Head (Mantell) 
changes to nearly the ordinary type of the green sand 
of Wiltshire. From these considerations we are fully 
justified in regarding the upper green sand as intimately 
connected with the lower commonly argillaceous part of 
the chalk, just as the calcareous grit is wifh the coralline 
oolite, and the calciferous sand with the inferior oolite. 

In particular places, mechanical causes gave a predomi- 
nance to its sandy character, and in others the abun- 
dance of organic exuviae impressed it with a particular 
zoological type. This mode of viewing it exactly aft- 
coids with its general character through France, where 
it is associated with the lower argillaceous chalk under 
the title of gtauconic crciyntsv. According to this clas- 
sification, the upper green sand or firestone beds form 
a nearly continuous base for the chalk from Lynn to 
Dorsetshire, and round the whole of the Weald of 
Kent and Sussex, welding organic remains at intervals. * 

Chalk marl max be viewed as the next step in the gra- Chalk marl, 
datum of changes by which we are conducted from the 
green sand system to the true cretaceous type. It is, in 
fact, an argillaceous chalk, holding variable quantities of 
clay and sand, supei imposed upon the green sand or 
mahn rock, and gradually changing upwards to the lower 
chalk. It is, perhaps, observable on the Western slopes * 
of the Yoikshire wolds above the red chalk, but is dis- % 

tint* 1 v traceable below nearly the whole range of the 
chalk lulls from Lynn to Dorsetshire, and round the'* 
whole of the Weald, eveiy where closely associated with, 
and indeed hardly separable from, the mahn ruck or 
firestone, and often enclosing, as near Woburn and 
Folkstone, green grains and fossils of the true upper 
green sand. 

Were it not that all such classifications are arbitrary, 
and oidy locally exact or valuable, we might conve- 
niently group together the upper green sand and chalk 
marl divisions, and thus rank together the greatest 
part of the lower fossdiferous beds of the chalk, which, 
occasionally argillaceous, stony, or sandy, appear very 
generally interposed between ti(e true chalk and the 
continuous lower green sand. 

In England, generally, the lownr half of the thick Lower 
mass of chalk is harder, more joftited, and less divided chulk. 
by layers of Hint nodules than the upper part. It is 
often of a greyer colour, and, to a certain extent, dis- 
tinguishable by a different suite of organic remains. In 
particular, it appears to contain very few of the stellcjrida, 
erinoidoa, or eehinida, not so many belemnitcs or tere- 
bratulio, but, on the contrary, yields more ammonites, 
some hamites, trochites, and other fossils approaching 
to those of the green sand group below. But the rnme- 
ralogical character of the lower part of the chalk is liable 
to great variations. In Yorkshire, three'fimrths of the 
whole mass are hard, and the lower portions areas much 
traversed by layers of flint nodules, at pretty regular 1 

distances, as tfte upper parts, lu the Dover dills, heels 
of soft cretaceous marl divide the chalk without Uinta 
into two portions, the upper one yellowish, hard, and 
containing numerous thin beds of organic remains, the 
lower one whiter, softer, often "gritty at the top, en- 
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closing masses of pv riles, but few organic remains, 
^ , CW, Phillips, ill Geology of England and Wales,) 

Thi»u The upper chalk is usually recognised in England by 

rhflik. PPer whiteness, softness, numerous layers of flints at in- 
tervals of lour to six feet, and abundance of zoophytic re- 
mains. Sponges of many kinds, small " larnelliferous 
corals, millepores, crinoidea, stellerida, echinida of very 
remarkable form, large inoccraini, belemnites, and abun- 
dance of terebratula; are the most frequent of its nume- 
rous fossils. The layers of flint nodules are exceedingly 
interesting, and throw light upon the mode of formation 
of the chalk. „ They are always found in the planes of 
stratification, generally irregular in figure, black or grey 
within, with traces of spongiferous bodies, shells, echini, 
or other organic bodies. The external crust is usually 
white and silicinus. The sponges also are often quite 
white and silieious, and lodged in a cavity, left by the de- 
cay of part of their substance. The crusts of echini arc 
usually, even when enveloped in flint, converted to cal- 
careous spar, and belemnites retain their original ra- 
diated structure. Occasionally, as at Sudbury, the flint 
occurs in thin layers parallel to the stratification. 

It seems probable that in the formation of the chalk 
from the decomposition ol the sea- water then holding 
' lime and silica in solution, the carbonate of lime and 

silica fell to the bottom together, in quantities suflicieut 
on each occasion to constitute a bed of chalk and flint, 
and that the latter substance was especially attracted 
by the organic remains then lying on or beneath the 
beds, so as to collect lound the sponges, echini, &c\, 
exactly as the oolitic matter lias been collected round shells, 
the lias limestone round ammonites, the carbonate of iron 
round ferns, &c. Analogous cases occur in the spon- 
giferous cherts of the Portland oolite and coralline oolite, 
and we might perhaps venture to extend the same mode 
of reasoning to the case of chert nodules in carboniferous 
limestone, tor these often (not so generally as in the 
case of flint) contain organic remains. 

Pyrites is generally plentiful in the upper chalk, 
variously crystallised, ami is not unfrequcntly associated 
with silica in the sponges which lie in chalk. Jt is in 
these cases generally decomposed into brown oxide of 
iron. 

Flints are very often split or cracked in their native 
repositories, as if by contraction of the mass, and this 
sometimes, but less frequently, happens, when organic 
icmains of a solid kind are enclosed in them. The 
most icmaikable cases of this nature are described by 
Mr. Webster, in the dislocated upper strata of chalk in 
the Isle of Wight. ‘All the flints in the layers winch 
alternate with chalk, are found broken in every direction 
into pieces of every size, which remain in their relative 
places enclosed within the cell of chalk, and showing 
no other signs of fracture than a tine line, as in shivered 
•glass. On being removed fiom their place the flints 
full into many pieces. This singular fact seems con- 
nected with the disturbances of the chalk, and may, 

• perhaps, be due to the violence of the tremour then im- 
pressed upon the mass, a tremour which might shiver 
elastic flint, (Especially if, like a Rupert’s drop, its parti- 
cles had been previously in a state of tension,) but leave 
the chalk unaffected. 

Mr. Webster’s account of a bed of argillaceous chalk 
or marl in the Isle of Wight, above the chalk with 
flints, seems to be the only indication of a transition or 
gradation of deposits between the chalk and the ter- 
tiary beds yet clearly pfiserved in England. The marl 


dug cfn the Sussex Downs, as well as that in Hertford* Geology, 
shire and Norfolk, may, perhaps, be related to it, Ch. II. 

Range of the Cretaceous System out of England. 

The principal range of the cretaceous rocks is in- 
cluded within the general boundaries of the European 
basin, and it is probably no^ at all less extensive than 
the oolitic system, though by the diffusion of tertiary 
rocks above it, its course in large tracts of country is 
wholly subterranean. 

The cretaceous system of Ireland is in a depression, Ireland, 
on the Western side of what is usually understood by 
the basin of Europe. It consists of chalk 200 or 300 
feet thick, harder than is common in England, but with 
a similar though less extensive suite ol organic remains, 
and rests on green sand, there called < mulatto , with the 
usual characters of that group in England. Lias is 
found beneath at the Giant's Causeway. In Scotland, 
only a very dubious indication ol the cretaceous system 
is afforded by the flints which rest upon primary rocks 
neaf Peterhead. 

Within the natural modern boundaries of the princi- 
pal basin of European secondary strata, the primary 
rocks of Scotland, Cumberland, Wales, Cornwall, and 
Brittany, on the West ; the Pyrenees, tin* Alps, and the 
( arputlnuus, on the South ; Caucasus and Oural on the 
East; Finland and Scandinavia on the North; the 
cretaceous system, chalky, marly, or sandy, is very 
largely developed. The type of the formation may be 
taken in Southern England or Northern France indif- 
ferently. In the latter Country its extent on the sur- 
face is probably equal to the whole superficial area 
which if occupies elsewhere in Europe. It encircles 
with a broad belt the basin of Pans, and passes off on 
the North-Eastern side into Belgium, which whole Conn- 
1 1 y it probably underlies, though the tertiary deposits 
conceal it, except along the sides of the Meuse. At 
Maastricht the upper beds of the cretaceous formation 
have, in many respects, mineralogical and organic, 
a lemarkable analogy to the cab aire gmvs/rr, which is 
the lowest really masiuc 'ciliary rock in the vicinity. 

These beds, however, by ‘heir principal characters 
really belong to the cretaceous system, of which they 
may be considered the highest terms at present known. 

A little appearance of the chalk is observable North of* 
the coal of Elberfeld, to which it is urirouformed, as well 
as to that ol Namur and Liege. -The ehalk system 
most probably underlies the whole region of Northern 
Germany, from the point last mentioned North of the 
oolite and lias of Westphalia. The green sand is re- • 
nmrkably well exhibited with characteristic fossils in 
the romantic tract of Saxony, Norfh of the ErzEge- 
birge, (there called quadersandstnn as well as an 
upper calcareous portion supposed equivalent to the 
chalk and plancrkalk. North of the Carpathians, both 
chalk and green sand occur in long ranges of hills, 
passing from Poland by Lemberg into Podolia and the 
South of Russia. It readies the Dneister, and extends 
to the plains of Volhynia. It forms considerable emi- 
nences around Grodno in Lithuania, “ Further South, 
in the f plains of Moldavia, Podolia, and Bessarabia, it 
appears only in detached portions. Chalk is found on * 
the Southern side of the granitic Steppe in the Crimea* 
and on the borders oi" the Sea of Azof, between the Berda 
and the Don. I A the Country of the Don Cossacks, in 
the Governments of Woron&ck, Koursk, and Toula, it 
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Gaology. appears ia hills and on the banks of rivers, ai\d pro- 
Ch. II. bably constitutes the base of that great and fertile 
plain/ 1 (Pusch, quoted by De la Beche, Manual of 
Geology.) 

In Pomerania and Mecklenburg, and the Island of 
Rugen, cliffs of chalk occur with the usual fossils of 
England, and in Sweden it rests upon rock’s of gneiss 
and greywacke, and only^n one instance, at Limhamm 
in Scania, upon rocks of Ine oolitic era. In the North of 
Germany it appear^ at intervals, near Luneburg, and 
on the borders of the Harz mountains, (at Quedlinburg,) 
and there seems no reason to,doubt that the whole vast 
plain of Northern Germany, from the Rhine to the Vis- 
tula, rests upon the cretaceous system. What remains 
of the Island *>f Heligoland. consists of green sand. 

The whole line of the Alps from the Sal eve to Vienna 
is bordered upon the Northern side by rocks of the cre- 
taceous system, which urc closely associated in character 
with both the oolites beneath, and with the lertiaries 
which lie above. A similar observation applies to the 
South side of these mountains ; chalky rocks range 
down the Apennines, and occur abundantly in the, Ma- 
ritime Alps, there, as well as about Geneva, intimately 
associated with the upper oolitic beds. Deposits of this 
era also lie m old valleys of the Jura mountains* which 

• range in a North-Eastern and South-Western direction. 
The Pyrenees are bordered on both sides by green sand 
and sandy and calcareous beds, containing with many 
chalk fossils some of tertiary types. 

Over this extensive area the mineralogical characters 
of the system are tolerably unrforni, except in the vici- 
nity ot the Alps, where the violent disturbances to which 
that mountain range has been subjected appear to 
have entirely altered the aspect of these beds, so as 
to permit authors to speak o (blade chalk , which, how- 
ever, is perhaps a portion of the green sand group. 
Over all the legion already mentioned m Fiance, 
in Belgium, at all the points in Northern Germany, 
in Poland, in Russia, Pomerania, Denmark, and Swe- 
den, the chalk nas its usual characters and appear- 
ance, and contains nmuichytes and spatangi, belem- 
nites, terebratula*, inoecrami, i£c. The green sand in 
France, near Aix Ia Ouipelle, along the Erzgebirge, in 
Poland, ulong the Carpathians, in Heligoland, has its 
usual characters. Indeed, even along the Eastern Alps, 

* out especially in the Swiss ami Savoy Alps, and the Jura, 
the green sands’ group retains nearly its usual aspect, 
and exhibits its u .ual fossils ; apd an English Geologist 
placed at the Perte du Rhone, or amidst the relics of the 
Montague do Fiz, is at once introduced to the Geology 

• of the vicinity. Green sand layers alternate with the up- 
per part of the Jura oolites in the Saleve, and the same 
phenomenon appears to happen along the Eastern Alps, 
(Murchison’s and Sedgwick’s Memoirs, Geological Trans- 
actions ,) where some parts of this group contain tuci so 
as to be characterised thereby. Nummulitcs are asso- 
ciated with the green sand in the Swiss Alps, and also 
in the Maritime Alps, where the lower beds of the cre- 
taceous formation consist of light-coloured limestone 
eharged with green grains, and full of beleuinites, am- 
monites, nautili, and pectines, and appeur intimately 
connected with the top of the Jura limestone deposit. 

< (De la Beche, Manual, 259.) Nummulitic rocks, cal- 
• v careous and arenaceous, exist in Dalmatia, and form 
high mountains in Croatia. 

On the Southern side of the Alps, whe beds of the ere* 
taceous era, which descend to the plains of Lpmburdy, 

VOL, vt. 


are principally composed of white, greenish, and red- 0*"Wv. 

dish beds, and it appears that a gradation of character OlJI. 

may be traced through the oolitic, cretaceous, and ter- 

tiary strata here uplifted. (Murchison.) Some of the 

light-coloured limestones referred to the chalk are called 

scaglia, and. the mountain of the Voirons near Geneva* 

yields a rock of similar nature. # 

Dislocations of the Cretaceous System. 

Like the oolitic era, the cretaceous period appears to 
have been one of regular action, perhaps still more uni- 
form than that, but not of so long duration. For we do 
not find its deposits to contain so many distinct suites 
of organic remains, nor so many remarkable repetitions 9 

of analogous rocks as occur in the oolitic system. The 
lower sandy beds of the system, indeed, may be thought 
to have been influenced by the convulsions which up- 
heaved the oolites, but we cannot assent to the notion of # 

Klie de Beaumont, that the whole cretaceous system *is 
derived from the mechanical movements thus impressed 
upon the waters. The organic remains of the system 
sufficiently disprove this, and the great extent* and uni- 
formity of the deposit of chalk is no otherwise to be * 

explained, than by general laws applicable to all the 
older and more recent calcareous strata. 

That disturbances of great extent happened some- 
wheve after the deposit of the chalk in England, is evi 
dent from the extraordinary abundance of sandy and 
gravelly accumulations, sometimes resting in hollows of 
the chalk, which immediately cover that stratum. A 
great part of the plastic clay group is of tins fragmentary 
and tumultuary origin, and its black flint pebbles are^ 
only water-worn chalk flints. But England does not * 

appear to have been the centre of these convulsions, 
nor u> have been much moved by them unless bodily 
and without local and violent fracture of strata. It is. 
indeed, very probable, that parts of the chalk formation, 
originally deposited in deeper seas, were at this time 
brought up and made to constitute a shore and to be 
liable to all the waste of the waves. And some portions 
might he, and probably were, raised to dry land, and 
exposed to the weather and the wearing of streams. 

But we cunuot at present undertake to say where such 
a shore occurred, nor in what part exactly the chalk 
w'as raised into lulls. 

In Ireland, at this period, great eruptions of basalt 
happened, and broad lakes ul lava covered the chalk of 
that Country. 

in France the chalk was wasted as in England, and 
its flints rolled to pebbles, to constitute the pebbly beds 
of the plastic clay group; and this seems to have been 
chiefly effected by fresh-water streams, for we find iu the 
plastic play of France few organic remains besides ter- 
restrial and fresh-water productions. Yet here, we be- 
lieve, it is equally difficult to say what portions of the 
chalk were thus raised and exposed. The surface of 
the chalk in Frunce appears to have been more wasted 
and furrowed than in England. 

To this period, Elie de Beaumont ascribes the disloca- 
tions which in the French Alps and the « South- Western • 
extremity of the Jura, from the environs of Antibes to 
those of Pont d'Ain and Lons le Saulnier, present a * 
series of dislocations in a direction North North-West. 

The primary mass of Mont Visp is traversed by this 
system of faults. The Eastern crests of the Devolny 
on the North of Gap, ore formed of the oldest beds ot 
the green sand and chalk, thrown up iu the direction 
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North North-West, and raised more than 4700 English 
feet above the sea, while at their feet, and 2000 feet 
lower, the nuinmulitic or upper portion of the cretaceous 
system remains horizontal and entirely undisturbed. 

Every thing belonging to this particular epoch, that 
is calculated to throw light on the changes then operated 
on the external features of the Globe, is of the highest 
curiosity and importance, since the probability is great 
that very violent and extensive convulsions, producing 
most remarkable alterations in Physical Geography and 
in other conditions of organic life, must have happened to 
occasion so entire and sudden a change of plants, shells, 
and vertebrated animals, as, notwithstanding recent dis- 
coveries of supposed intermediate strata, is admitted to 
have takeu place after the deposition of the cretaceous 
system. 

Some time after the above remarks were written, 
the third volume of Mr. Lyell’s Principles of Geology 
ajipeared, in which that able Geologist has ventured 
to do what we thought too difficult to attempt, and de- 


fines in one instance what part of the ancient bed of the 
sea was raised at the commencement and during the 
continuance of the tertiary period. Combining his own 
observations on tertiary strata with Mr. Mantell’s dis-. 
coveries, he proposes the theory that the elevation of the 
Wealden district of Sussex and Kent was contempora- 
neous with, or only immediately antecedent to, the de- 
position of the tertiaries in those parts of the sea which 
are now become the basins ol London and Hampshire ; 
that the elevation of the secondary, as well as the depo- 
sition of the tertiary rocks, was produced by long con- 
tinued operations of the same kind, and that as different 
strata were raised in the Weald, to be wasted away by 
the sea and atmospheric action, the tertiary deposits, 
thence carried to the depths- of the sea, w^re proportion- 
ately varied. We cannot now discuss this ingenious 
theory, because it is connected with a very extensive 
argument, involving many of the fundamental views of 
this author, Elie de Beaumont, ami Von Buch, but it 
will be examined in its proper place. 


Table, of the Organic Remains of the Cretaceous System . 


Family. Name. 

Conferva). . . . Confervites fasciculate 

SBgogropiloides 

Algne Fucoides Brardi 

Orbignianus 

Ht rictus 

tuhcrculnsus 

Targiomi 

(equal is 

1 ditforims . . 


Plants, (from M. Adolphe Brongninrt ) 

Rock llntish I»oealiiii-s * Rock. 

Sussex dml 1< . . . 

ditto . . . 


chalk Bognor, Sussex . 


intricat us 

, furcaUiR 

TCClirVUH. 

Lyngbianus 

Brongniarti, Maut . . ditto Sussex. 

Naiades .... Zostmtes caulimadidut 

lineata 

Belluvisiana 

elOngata 

Oycadem . . . .Cycadites Nilsouii chalk . . . . . 

Thuytes aliena, Sternh planerkalk . 

Wood, dicotyledonous ..... ditto ditto. 

Leaves resembling plutanuH and lirioden- 
dron, Sternb 

It does not appear lhat any of the plants of this epoch were in existence before 




Foreign localities. 

Arnager in Bornholm. 

Ditto. 

Piulpenson. ( Dordogne.) 

Isle d’Aix, near La Kochelle. 

Isle d’Aix. 

Ditto. 

Les Voirons, near Florence. 

Vermihque in the Plaisantin. 

Bidache, near Bayonne, 
t Onedle, Genoa, Florence, Vienna, Bi- 
1 dtiche. 

VermiMjue, Gcmen, Florence. 

V ernasque. 

Arnager. 

Isle d’Aix. 

Ditto- 

Ditto. 

Ditto. 

Scania. 

Schmetsc'nm. 

BUnkenburg, Wernigerode. 
or since. 


Family. Name. Ruck. 

Fibrosa Spongia pldha, Phil chalk .... 

capitafu, Phil 

osculifera, Phil 

convoluta, Phil. .... 

lobata, Flem 

marginatu, Phil. 

• radiciforinis, Phil 

. terebrata, Phil 

porosu, Plnl. 

Iwvis, Phil 

cribrosa, Phil 

• ramosa, Maut * 

paradoxica 

(Spongus)labyrinthicu8,Maut 

Townseudi, Mant 

(Siphonia) W ebsteri green sand. 

curvicornis, Goldf. 

incrassata, Gold f • , . . 

(Ventriculite«)Benetti«,Mant chalk 

radiatus, Mant ditto . . . . 

alcyonuides, Mant. , , ditto 

quadraugjUaris, Mant. ditto 


PoLYPARIA. } , 

Rntish Localities. liock Foreign Localities, 

Bridlington. « 

Ditto. 

Ditto. 

Ditto. 

Lewes, Norwich. 

Bridlington. 

Ditto. 

Ditto. . 

Ditto, Dover. 

Bridlington. 

Ditto. 

Ditto, Sussex . . Noirmoutier. 

Hunstanton, Southbourn. 

Heytesbury, Lewes. 

Ditto, ditto. « 

Isle of Wight, Southbourn. 

marl Westphalia. 

chalk Ditto. 

Lewes, Wilts, Bridlington. • 

Lewes. . 

Ditto, Warminster. 4 

Offham, Sussex. 
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Family. Name Rock. British Localities. Rock. Foreign Localities. 

Fibroses (Choanites) subrotundus, 1 . T ' 

Mant • . j CIla * A ' ewe8, 

flexuosus, Mant ditto Ditto. 

Koenigi, Mant ditto ..... Warminster, Lewes. 

Halirrhoa costata, Lam. ... greensand. Warminster Normandy. 

Parumoudra clmlk Belfast, Norfolk. 

Alcyonium glnbulosum,Defr. ditto Sussex ! .• Beauvais, Meudon, &c. 

pyrifurine, Mant. ... ditto ..... Ditto. 

Serea pyrifurmis^am greensand. Warminster. 

Of the following fibrous polyparia described by Goldfuss from Maastricht and Westphalia, it is very probable 
that when better known, several will be found identical with the spoil gim and nicy onto of English authors. 
It is to be regretted that the labours of Naturalists iti this difficult branch of fossil Zoology have been almost 
fruitless for want of cooperation. The abundance of spongoid fossils is a very remarkable character of the 
English and Westphalian chalk. » 


British Localities. 
Lewes. 


Achilleum ^lomeratum . , 

, . t Maestricht. 

fungiforine . . . 

. . Ditto. 

morchella .... 

. .Essen. 

Manon capital um 

, . , Maestricht. 

tulmhferum . . . 

, . . 1 httu 

pulvinarium . . 

, . . Ditto, Essen 

peziza 

. . .Ditto, ditto. 

Btelhitum .... 

. . . Essen. 

jiyn forme .... 

. . . Cuesfeld 

Scyphia fungiformis .... 

. . . Ditto. 

Mantel In .... 

, . . Ditto. 

Dechemi 

. . . Ditto, 

Oeynhausii . . . 

. .Dump. 


Scyphii 

* Murchisonii .... 

. Darup. 


verticillata 

.Maestricht, Nehou. 


maminillaris . . . . 

.Essen. 


tetragona 

.Ditto. 


furcata 

.Ditto. 


foraminosu . . . . 

. Ditto. 


infundibuliformis 

.Ditto. 


Sackii 

. Ditto. 

Tragos 

deforme 

.Ditto. 

• 

nigOHum 

. Ditto. 


pynforme 

.Ditto. 


htellatum ...... 

.Ditto. 


hippocastanum . 

.Ditto. 

Itritlsh Localities. 

Rock. 

Foreign Localities 


Warmmste 


Maastricht. 


Family. Name Itoek. Itritlsh Localities. Ruck. Foreign Local it 

<; “ ruosa Chraemloiiora » 8an( j. Warmlns1 ,. r . * 

Lam f h 

Ilippuhmus fuugoides, Lam Ditto. 

Corticifera . . .Gorgonia bnedbiris. G chalk Maastricht. 

Phil chalk Bishop’s Wilton, Hants. 

Cellulifera . • . Millepora Fittnui, Mant. ... ditto Sussex. 

Gilbert!, Mant Ditto. 

anticjua ; Defi. Normandy. 

Bl Meudon. 

compressn Maestricht. 

inadrepoi .iceu Ditto. 

NuUipnrn r.it rnvisa Ditto. 

Kschara r\ clostuinu Ditto. 

pynformiH Ditto. 

stigmatophora Ditto. 

a sexauguUus Ditto. 

c.'lincc i bit a Ditto. 

unudmoiden Ditto. 

dicliotoir.a .' Ditto. 

striata Ditto. 

Hlograuti 9 Ditto. 

disticba Meudon. 

Cellepora oinatu Maastricht. 

hippocrepis Ditto. 

vebniiL-n Ditto. 

dentata f... Ditto. m 

csuhtuleiitu , Ditto. 

bipuucrata Ditto. 

* eschuroides Essen. # 

Phil ditto . ... Knupton, Yorkshire. 

m Refeporn cUhrata Maestricht. 

lichenoides Ditto. 

• Vuiig.ita | Ditto, 

disticlfu Ditto. 

®fenestrata Nantt. 

cancel UU • * Maestricht. 

Coicinoprft lufundihuli*) marls Cocsftld. 

tornns ) 

maernporu * ditto . . . . , MiJnster. 

"Coeloptychium ugarieoides ditto ..... Coetdeld. 

Flustra re icularis, Lam. ... ditto Sussex, Norwich. 

reticulata, 1 )t*sm • . Normandy. 

% flabellifoimH, Lam Ditto. 

tesseUuta, Woodw.... ditto Norwich. 

Ceriopora crypt opora • chalk .... Maestricht. 

micropora . *..» Ditto, Eaten, Nontu. 

anornalopora % Maestricht 

polymorph a t ...marl Essen. ( 

•dichotomy Maestricht. 

miUeporacea Ditto. j 

• 4 R 2 
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jjjrCOloiTT Family. Nam*. Hock- llritiwli Isorulilies. Rock. Foreign Localities. 

Ch. II. Cdlutifera . . . Ceriopora gracilis ! Essen. 

— j mudreporucea chalk Maastricht. 

tubiporacea ditto Ditto. 

spoiigites marl Essen. 

♦clavata Ditto. 

cribrosa Ditto. 

verticillata .* chalk Maestricht. 

spiralis Ditto, 

pustulosa Ditto, t 

compress a Ditto. 

trigoua marl Essen. • 

stellata chalk Maastricht, Essen. 

*diadema Ditto. 

mitra marl Essen. 

« venosa Ditto. 

« Lunulites cretacea, Defr Maastricht, Tours, Normandy. 

Orbitolites lenticulata chalk .... Sussex 1 green sand. Pertc du Rhone. 

•Celluliferous polyparia appear at present scarce in the English chalk and green sand, yet probably, on further 
research, the contrast which in this respect subsists between our series and that of Maestricht and Westphalia may 
. be diminished. 

i 

Family- Name. Rock British Localities. Rock. Foreign Localities 

Laraelhfera . .Lithodcndron gracile greensand. Quedlinburg. 

(Curyophyllia) gibbosum Near Bochum, Westphalia. 

Caryophy Ilia centralis, Mant. chalk {^mandy 0r k 8 * l4ie ' ^ ° r 

con ul UK, Phil gault Yorkshire, Cambridgeshire. « 

Fungia radiata chalk Aix hi Chupelle. 

< cuncellata Maestricht. 

corouula niurl Essen. 

{ chulk .... Sussex, 
gn. on sand Wilts, 
gault .... Cambridge, Yorkshire. 

Diplocte nitim cordatum . . chalk Maestricht. 

piuina Ditto. 

Meandrinu reticulata ditto Maestricht, 

Astreca Hexuosa. . Ditto. 

« geometrica Ditto. 

clathrnta Ditto. 

esclmroides Ditto. 

* text ills Ditto. 

9 velamentosa Ditto. 

gyrosa Ditto. 

elegans Ditto. 

angulosa . Ditto. 

geminata Ditto. 

urachnoides. . . Ditto. 

rotula Ditto. 

macrophthalma Ditto. 

muricata Meiulou. 

stvlophora Ditto. * 

Pagrus Proteus, Defr Ditto, Tours, Normandy. 

it is probable thut the whole suite of polyparia of the cretaceous system is peculiar to it. This remark is 
meant to apply to the Maestricht fossds as well as to the more generally recognised types of chalk and green sand. 


Fiimilj 

Cri noidea . 


Steilerhla . 


Echinida 


Name. 


Rock. 


Radiakia. 

Foreign I localities. 

chalk Wilt “ h, "’ Y “ k ;} chalk 

gault Yorkshire. . ditto 

chalk pitto, Wiltshire, Sussex. 

Glenotremites paradoxus, G marl . 

. Aster ms quimpuiloba chalk 

ditto .. . Norwich, Wiltshire. ; 


Rock. 


. Apiocrinus ellipticus 

Prntaerinus caput Meduss 
Marsupites Millen, Mant, . 


regularis, Wood Swnffham, Lewes. 

aemilunatus ditto | Norfolk, Wiltshire, York 

lentiginosus, Wood Dover. 

. Cidaris regalis ditto 

* scutigem 

crenulans 

granulosa . 

variolaris. ...... marl . 

ornata 

papillate, Park ditto j Wi ‘^ Sum**, York- 

mammillata, Park Wilt si lire. 

cretosa, Mant Lewes, Northfleet, 


lliitmh Local 

Touraine, Normandy. . 
Maestricht. 

Speldorf, nerfr Mulhausen. 
Maestricht, nem Minster. 
Paris, Rouen, &c. 


Maestricht. 

Kehlheim, Bavaria. 
France. , 

Aix, Maestricht, Essen. 
Essen, Coesfeld. 

Essen. 
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Family. Name, Rock. British Localities. Rock. Foreign Localities. 

Echiuida. . . Gidaris variolaris ((?. Trant.) Ldwes, Lyme. chalk ....... Ham. 

vulgaris, Lam * Poland. * 

asterizans green sand. Warminster. 

corollaris, Mant chalk ..... Sussex, Wiltshire, &c. 

clavigera, Kccnigi Sussex, 

vesiculosa . marl . . Essen. 

Echinus saxatilis, Park ditto Sussex, Norwich. 

KoBuigi, Mant Sussex, Yorkshire Moen. 

Benettimi Koenigi . . . greensand. Wiltshire. 

areolatusjf Wahl Ditto, Lyme Regis chalk Bodsberg in Scania. 

alutaceus . marl Essen. 

granulosus. sandstone. . . . Kuhlheim. 

radiutug marl Esseu. 

Clypeus, small species ditto ‘Warminster. , 

Clypeaster Leskii . . . .* chalk Maestricht. . 

fornicatus * ... Munster. • 

Galerites alhogalerus, Leske chal^*. . . Lewes, Wi) (shire, Yorkshire ditto ........ Aix, Poland, Dieppe, &c. 

• Mibrotundu.r, Leske Lewes, Norwich, Yorkshire. 

vulgaris, Lain Lewes, Lyme Aix, Dreux. 

conoideus ditto Perigord. 

suhuculus, Iiam Wiltshire {^ond marl} ^ HVre » Coesfeld, and Essen. ^ 

depressns, Lnm Fiz, Swisserland, Bavaria. 

canaliculatus Buren and Brunken, Paderbom. 

sulcata nidmtuB chalk Maestricht. 

Hawkinsii, Mant.. . . ditto ..... Sussex. 

ubbreviatus ........ . . Aix la Chapelle, Quedlinburg. 

Echinoneus RiihgloboKus ditto Maestricht. 

placenta * Ditto. 

lampas, De la Beche green sand. Lyine Regis. 

peltiformiH, Wuhl Scania. 

Nucleolitcs depressus * ditto ........ Aix la Chapelle ? 

ovutus, Lam Maestricht. 

scrohiculatus, Lam Ditto. 

pyriformis » Ditto 

lacunosus marl Essen. 

cordatos Ditto. 

curinatus chulk Aix, Hildesheim, Essen. 

lapis Aix, Maestricht. 

^testudiuaruiH Ratisbon. 

rotula, Bt Rouen, green sand, Mtn. de Fix. 

cast aura, Bt green sand . . . Mtn. de Fiz. 

patcllaris chalk Maestricht. 

. , . . » , ,, ( Sussex, Will dure, Nor- 1 ... f Meudon, Sweden, Lublin chalk, 

Ananehyta ovotun, Lam. . . chalk j y (irkshlre ’ ( &c . } { mar l, Es*en. 

heinisphtenoiis. Mant Sussex, Yorkshire. 

intumescens, Phil Yorkshire. 

’ .pustulosus, Lain Norfolk ditto Paris, Rouen, Moen. 

conoideus Aubel in Limburg. 

striatus Aix, Maestricht. 

corculum marl Coesfeld. 

other spocies, Smith . ditto England. 

Sputangus ornaAis, Cnv. . . . green sand. Lyme Aix, Biaritz, near Bayonne. 

suhorhicularis, Defr Ditto Maestricht, Dives. 

nrgillnceus, Phil, ... gault Wiltshire, Yorkshire. 

Murclubomaiui‘.,Mftiit. green saml. Norsted, Southbourn. 
cord » lorn us, Mant. . . chalk Middleham, Norwich. 

rostiatus Brighton, Norfolk Joigny. * 

prunella, Lam . Brighton Maestricht. 

•’ cor tuigumiim, Lum Norwich, Lowes, Lymc,&c {' ' CoesS"* 

, planus, Mant Yorkshire, Sussex Scania, Poland. 

* hemispluvricus, Phil Yorkshire. 

» • leevis, Defr ditto ..... Lyme green sand . . . Perte du Rhone. 

buib.Bt * . . . chalk Pans, Normandy, Maestricht. 

r| , Phil greensand. Chute Farm, Wiltshire. , 

granulosus ditto Maestricht. 

subglubosus, Leske * Quedlinburg, Biiren. 

nodulosus * * » Essen. 

radiatus, Lam Maestricht. 

bicordatus . Mecklenburg. 

truncal us Maestricht. 

# Bucklandi marl Essen. 

arcuamiH, Lam. ft re 1 chalk Maeatricht. 

* cent species J 

amygdala, Lin * Ditto. 

gibbus, Lam Paderbom. 

cor testudiuarium Maestricht, Quedlinburg, Coesfeld. 

bucurdium Aix. 

lacunoriuN, Lin ....’. . Aix, Quedlinburg. 

retusiis, Park ditto Wilts, 

punctatua, Park Ditto. 


Geolo 

Ch. 
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Geology. The distinctness of the form and characters of the 
Ch.IL incrusted radiuria, permits in general a satisfactory 
decision concerning: their specific identification. On 
this account, no less than from the general diffusion of 
these fossils, the echinida, stellcrida, and crinoidea 
ought to afford the most certain evidence concerning 
the laws of geographical distribution of animals during 
the cretaceous epoch. It cannot escape notice that a 
great number of species of echinida belong to extinct 
genera. It is remarkable that the genus spatangus, of 
which one or two species occur in oolite and several 


exist it} the present seas, seems to have arrived at its 
maximum of abundance in the cretaceous epoch ; and 
that the extinct genus, ananchytes, which is especially 
abundant and widely diffused in chalk, has not been 
fouud in the subjacent oolites, nor in the true tertiaries 
above the Maastricht beds. It is possible that amongst 
the echinida a very few species are identical with some 
found in the oolitic strata, (as galerites depressus, ci- 
daris variolaris, &c.) but in glneral the species appear 
to be decidedly peculiar. * 


Con chi ter A. 


Family. Name. Hock. British Localities. 

Plagymyona .Fistulana pyriformis, Mant.. gault. .... Willmgdon, Sussex. 

personata, Mant. . . . chalk .... Sussex. 

• Pholas conatnrta, Phil gault Yorkshire. 

Teredo ? Ham. 


Rook. 


Foreign Localities. 


chalk . 


ditto Ditto. 


S3±X£2M£)»> s —»‘ **•— 

Panoptra plicala green sand. Sandgate green sand 

Mvamamlibula i Su " sex ' lsle of * Wi K ht ’ 

i Devizes. 

depressa gault- .... Yorkshire. 

phasiolma, Phil Ditto. 

plana 

? Lonsdale. . chalk .... Near Caine. 

Lutraria striata green sand. Lyme. 

carimfera chalk Ditto. 

gurgitis, lit ditto . 

Amphidosma Phil. M.S green sand. Hyihc. 

Corbula striatula ditto .... Parham, Pulbnrough. 

gtguntca . Blackdown. 

. Iwvigata Ditto. 

elegans Ditto. 

punctum, Phil gault Ditto. 

c iudAta, Nils 

unatina, Denh ditto. . 

C’rassateUii latisdma, Htun chalk , 

Tellnia aeeptahs, Mant green sand. Paiham. 

luaupmlis Ditto, Blackdown. 

btriatula Blackdown. 

■ ■ — — Phd gault Yorkshire. 

Lucina sculptu, Phil Ditto. 

liens, Phil Ditto. 

Astarte A } Blackdown, Devizes. 

Thetis major green sand Blackdown, Sussex, Devizes. 

minor Sussex, Isle of Wight, &c 

Venus angulata ditto Blackdown, Parham. 

caperata Lyme, Blackdown. 

ovalis Parham. 

faba i Parham, Isle of Wiirht. 

i Lyme, Isle of Wiirht. 

P ar . Va ! SlIKhUX. 

lineohita Blackdown 

plana Ditto. 

Kinginerieiisis', Mant. chalk. .... Ringme , Middlehara. 

( ardiuni Hillauum green sand. Blackdown. 

prohoseideum Near Collumpton, Devon. 

umhonat urn Blackdown. 

granuloiiun, Woodw. chalk Norwich. 

bullatum, Lam .* * chalk. 

C&rdita Ksmaikii, Nils 

tuberculata green sand. Devizes, Lyme. 

modiolus, Nila. ...: 

craasa ditto. 

Isogardia angulata, Phil. . . gault Yorkshire. 

Trigonia gpuioea R r«en 8 and. Pulbor0U K h - 

daxlalea Jparbam. HJdpn, ,&c. 

aliformis {^WiST® 1 ’’ Mdingtoo, 

eccentrics Pulborougb, Lyme, Blackdcwri. 

Bpectabilis Blackdown. 


Maestricht. 

Osterfeld. 


Perte du Rhone, Sweden. 


Koping. 
Schonen, limn. 
Maestncht. 


green sand. Bochum. 


Aix la Chapelle. 
Scania. 

Ditto. 

Dou£. 


Altenberg. 
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Family. Name. Rock. # British Localities. Rook. 

Plagymyoaft .Trigonia rugosa * green sand 

scabra Lyme 

affinig Parham, Haldon. 

pennata Teignmouth. 

nodosa Hythe. 

pumila, Nils. 


Foreign Localities. 
Perte du Rhone. 

Rouen, Perte da Rhone. 


Ktfping, Balsberg, 

arcuata, Lam • ...* Aix la Ghapelie. 


Cucullwu decussata green sand, Parham, Fevershum chalk. 

glabra. .j ditto Lyme, Blackdowii. 

carinata ! ditto Ditto, ditto, 

fibrosa ditto Ditto, ditto. 

costellata ditto Lyme, Collumpton. 

auriculifera, Ham ditto. 

crassatina .... ^ ditto. 


mhalk. 


(Sussex, (Munt.) Yorksh. 
1 (Phil.) 

Devizes. Lyme, Nursted. 


Rouen. 


Beauvais. 

Ditto. 


Mnestricht. 


Balsberg, Roping, Sweden. 


Bonlonnais. 
Kanberga, Scania. 


Arc£ carinata ... . ^ green sand. 

subacutu . . . .* Hamsey 

exaltuta, Nils. CarLhameii, Sweden, Aix la Chapelle. 

rhombea, Nils Balsberg, Sweden. 

oval is, Nds Roping, Scania. 

clathratu, Ha'll, Angers, Saumur. 

Pectunculus sublmviH ...... ditto Blackdowii. 

umhonatus ditto lialdon. 

lens, N ils 

Nucula impress a ditto Parham, Blackdowii. 

antiqnata ditto Parham. 

angnlata ditto Blackdown. 

ovata, Maut gault Rmgmer, Folkstone, Yorks. 

subrecurva, Phil Yorkshire. 

pectiimtn, Mant Sussex , 

unduluta Folkstone. * 

produrta, Nils 

truncata. Nils. Ditto, ditto. 

panda, Nils Ditto, ditto. 

Modiola parallela green sand. Maidstone. 

*bipartita . ditto .... Parham Park. 

SDqualis ditto ..... Ditto. 

•pallida. Fonthill, Wilts. 

Mytilus lanceolatus . ditto Blackdown, Parham. 

edeiitiihis ditto Blackdowu. 

ltfiviK, Defr ditto Bougival, Paris. 

problematteus, limn green sand . Bochum. 

Pachyma gigas chalk Lyme. 

Mytiloides lalnatus, Schl ditto Wilts Aix la Chapelle, Quedlinburg. 

Mesotnyona .. Pinna tetragona gieen sand. Deiizes. n 

, gracilis, Phil gault Yorkshire. 

NiAcatu, Woodvv chalk ..... Norwich. 

affims; Ha*n chalk Near Saumur. 

flabelliim, Hwn Bochum. 

nobilis, limn Ditto. 

rcslitnta, IT^en Valkenburg. 

quadnvalvis, Ham.. . . Coteutin, Saorimr. 

Gervillia *aviculoulcs greensand. Parham, Petersliold. 

’•‘acuta ditto ..... Parham. 

■oknoiiiM ditto {^wdtJ. 8 ! 8 ..^ m f ht : 

( ''liivicula/'ierulescens, N il%. . Sweden. 

- ■ - ■ , Mant. chalk Sussex. 

< Terv&tula producta. Sheiford, Bedfordshire. 


Maestncht, Normandv. 


Perte du Rhone, Fiz, Scania. 


Perte du Rhone, Essen. 


♦ventricosa Bochum. (Ham.) 

I iiocbramus, in-1 

eluding Ca- >grypheecides Lyme, Rmgmer. 

tillus^Cuv* .J # 

ylcatu* |Folk»tone.Rm K „,er,C:om. J 

tenuis Ilaifisey. . 

. Cripsii Ditto. 

coucentricus Folkstone, Lyme, &c. 

pictus Guildford. 

Cuvieri ditto Royston, Lewes, Yorkshire 

Brongniarti ditto Lewes, Yorkshire .* 

cranium, Phil ditto 11 unmanly. 

cordiiormis ditto Graveseud. 

mytiloides ditto Norwich, Wilts, Sussex. 

stnatus, Mant ditto Will*, Lewes. 

Lainarckii, Mant.. . . . ditto Sussex, Dover. * 

unduuitus, Mant ditto Lewes, Heytesbury, 

Webaterii, Mant Jit to ...... Sussex. 

latus, Maut diita Ditto, 

involutu* ditto Ditto, Norfolk* 


• • • Rouen, Tours, Scania* 

• * • Quedlinburg, Poland, Sqania. 
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Family, 

Mesomyona 


Name. Rock. British Localities, Rock. Foreign Localities 

, . Inocerainus digitatus chalk Essex. 

rugosus, Ham * * • • ■ Quedliohurg. 

Bnogyra haliotidea green sand. Wilts . Scunia, Essen. 

conica ditto Ditto, Sussex, Blackdown • * Scania. 

recur vat a ditto ..... Iluldon. 

plicata , . . ditto ...... Ditto. 

canaliculata ditto Wilts. 

undata ditto Blackdown. 

cornuarietis, Nils Ditto. ■ 

lacimata, Nils Ditto 

sinuata Isle ofWight,Yorksh. Kent Grande Chartreuse. 

Gryphon vesiculosa ditto Wilts, Sussex green sand . B ouches flu Rhone. 

columbo, Lam Lyme, Longleat Havre, Poland, Saxony. 

globosa chalk Norwich, Lewes, &c. /- 

aquila, Bt . . . . Berte du Rhone. 

, . „ Y ,, (Perigueux, Poland, Grande Ci 

aunculuris, Bt “*»* \ »«„«., Vaucl.we, 

plicuta, Lam greensand. BoesuigfeUl ; chalk, Suumur. 

truncata. Goldf. Maestricht. 

Spliwra corrugata greensand. Isle of Wight. 

Ostraea vesicularis, Lam. . , chalk Sussex, Norwich, &c. . . . chalk ..... Meudon, Maestricht, Scaniu, 

semiplana, Mailt .... ditto Sussex. 

canaliculata. ....... ditto Ditto, Noifolk. 

cannata greensand. Wilts, Lyme, &c. .. 

macroptera Folk stone. 

ali form is, Wood w. .. chalk Norwich. • 

tncarinata, Woodw . ditto Ditto. 

digitftta, Woodw . . . ditto Ditto. 

serrata. Defr chalk 

lateralis, Nils Scania, K*seu. 

clavata, Nils Sweden. 

hippopodium, Nils Ditto. 

•acuminata Scania. 

curvirostris, Nils Ditto. 

flahelliformis, Nils Sweden, Essen. 

pusilla, Nils Scania. 

funatrt, Nils Ditto. 

parasitica, Haen green sand. Bochum. 


har* 


green sand. Normandy, Boulogne, Bochum. 


Sweden, Maestricht, Dreux. 


Guesenbeck. 

j Meudon, Saumur ; green sand, Parte 
du Rhone, Sweden. 

sand, 


1 


truncata, Iiffin ditto 

(teJSKSW)" 

quadricostatus green sand. Sussex, Blackdown, Wilts, ditto ..... j ^ ( loinde V' h!irtreuse 's ixmiy” 

Beaveri chalk Sussex. 

triplicates, Mant. . . . ditto . . . . Ditto, 

orbicularis ditto, Kc. . . Ditto, W ilt** Sweden, Aix la Chapclle 

oblnjuus green Rand. Ditto, ditto. , 

0 asper ditto Wilts Poland, Boyhum, Ilntteren. 

intcxtus } c ^ lu ^ Norwich, Brighton Havre, Aix Ip. ChapeUe. 

radiatua, Woodw. .. ditto Norwich. 

sexcohtatus, Woodw. . ditto Ditto. « 

concenfricus ditto Ditto. 

septemphcatus, Nils.. Scania. 

cretoHus, Delr Parts. 

arachnoides, Defr. Ditto, Normandy. 

inemliranuocus, Nils Scania. 

dentatus, Nils / Ditto • 

tpdextus, Bt Havre, Normandy, Angers. 

seriatus, Nils Sweden. *• 

niulticostutuB, Nils Ditto. 

undulutus, Nils Scania. 

subaratus. Nils Sweden. 

piilchellus, Nils « * . Ditto. • # 

luieatuN, Nils Ditto. * 

virgatus, Nils Ditto. * 

Ip vis, Nils •. / Ditto, Aix lu Chapelle. 

inversus, Nils Sweden. * 

flsperrimuB, Ha>n green sand . Ilardt. 

gracilis, H*n. Aix la Chapelle. 

gryphreatuH, H»n Ditto. 

t regularia, SchL ! chalk Maestricht. 

BvJcatus, Hum Ditto ; green sand, Hard!. 

versicostatus, H®n green sand. Aix la Chapelle, Midden. 

Plagyostomu spinosum .... chalk Sussex, Wilts ditto .... France, Polund, Saxony, Sweden. 

Hoperi, Munt ditto Ditto. « 

Brightonense, Mant. . ditto Ditto. 

elongatum ditto Ditto. 

asperum, Maui ....ditto Ditto. • 

? pectinoideum ditto' Perte du Rhone. 

ovahsm, Nila Sweden. 



GEOLOGY. 


665 


Family. 

Mesomyona 


Rudista 


Bruchiopoda 


Name. Rock. In British Localities. 

. . Plagiostoma semixulca- \ 

turn, Nil», ..... j 

Mantelli, Bt. ...... . chalk Dover 

granulatum, Nils 

elegans, Nils 

puttillura, Nils 

turgidum, Lam 

Podopsis or Dianchora lata . chalk Sussex. 

obliqua, Mant ditto Ditto. 

striata. . . i ditto ..... Yorkshire 

trurfcata, Lain Lyme 

lamellata, Nils 

Plicatula inflat a ditto* Sussex ; green sand,' Wilts. 

pecteooides . . . . . . ditto Sussex ; gault, Cambridge. 

Spondylus P strigilis, 

. Sphmrulites dilatata, Des | — 

Moulins j 

• • 

Bournonii, Des M 

ingens, Des M 

Haninghausu, DesM 

foliacou, Lain 

Jodmma, lies M. 

Juiannetii, Des M 

crateriionnis, Des M 

Mouhiui, (ioldf. 

Hippurites radiosa, Des M 

cornu pastoris, Des M 

striata, Defr 

sulcata, Deir 

dilatata, Deir 

bioculata, Lam . . 

iistula, Defr 

undetermined 

.Terebratulu subrotiinda .... chalk Sussex, Norwuh, &l\ 

carnea ditto Norwich, Sussex . . . 

ovata \ ditto Sussex; gieen sand, Sussex 


Rock. to Foreign Localities. 

Sweden, Saumur. 

Denmark. 

Sweden. 

Ditto. 

Ditto. 

chalk Salutes ; green sand, Osterfeld. 


ditto 


Havre, Essen, Bochum. 
Normandy, Touraiue, Sweden. 
Sweden. 


Perte du Rhone. 


. . . chalk .... 

... ditto 

f Royan, Talmunt, mouth of the »(ii* 
\ runde. 

1 Royan, Talmont, Vallee de la Couze, 
l Dordogne. 

Royan, Talmont. 

Ditto, ditto, Languais, Dordogne. 

. . . ditto .... 

, ditto .... 

. . . ditto .... 

. . . ditto .... 

Miramheau, Charonte Inferieui*. 

Vallee de la Couze, Perigord. 

Royan, Languais. 

Maestricht. 

. . . ditto 

. . . ditto .... 

. . . ditto .... 

. . . ditto .... 

. . , ditto .... 

, Cendneux, Perigord. 

. P) les, Perigutiux. 

. Alet, A tide. 

. . . ditto 
. . . ditto .... 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto. 

In Sussex chalk. (MantclI.; 

Bochum. 

Bochum ; chalk, Meudon. 

. . . ditto .... 

. . . ditto .... 

. . . ditto 
. . . green sand 
. . . dittc 


ditto 


undata ditto 

elongata ditto 


Sussex. 

Di'to. 


Bochum, Scania. 


Inphcata green Sami . Ditto, Wilts., C.imhndge, 


lata ditto 

Hulmnduta chalk . . . . 


Sussex, Devi/us. 
Yoikshue 


phcatilis ditto Norwich, Sussex, Gravesend ditto 

suhplicata, Mant. ... ditto Sussex, Yorkshire, Wilts . ditto 

M.mtelhana ditto Sussex. 

rust rata ditto Ditto. 

*Murtmi, Mant ditto Ditto. 

squitmosa, Mant ditto ..... Ditto. 

pentagon alls, Phil. . ditto Yorkshire. 

luu'olata, Phil gault Speeton, Yorkshire. 

Defr, men, 1U chalk&gault Sussex, Yorkshire 

alata, Lifin ditto . . , . , 

octoplicata ditto , . . . . 

gallina, Bt. chalk Norwich grwu sand . 

ornithocephalu * ditto 

•pectmata % . . . . green sand. Wilts 

lyra ditto Ditto 

semiglobosa chalk Yorkshire 

obtusa ... green sand . Cambridge ditto . . . . . 

obesa . ...» chalk Warminster chalk 

dinndiata green sand . llaldmi, Wilts green sand. 

ovpidea ditto 

cumrostriH, Nils * 

recurva, Defr 

lnvigata, N ils. 

rhomboidahs, Nils 

triangularis, Wahl 

longirustris, Wahl 

aperturatn, Schl. chulk . . * . . 

chrysalis, Schl ditto 

enrvata, Schl greensand 

dissimilis, Sell! • • • • chalk .... 

lacunosa, Schl green Band 

microscopies, Foud ^ chalk .... 

nucleus, Defr green sand 

peltata, Ham. chalk . . . . 

semistriuta, Lam. ' green sand 

var inn's, Ham * • chalk .... 

vermicularis, Schl ditto . . . . 


chalk ..... Rouen. 

j Metulon, Mom ; green sand, Grande 
{ Chartreuse. 

, . Tours, Beauvais, Maestricht. 


Meudon, Sweden, Maestricht. 

Meudon, Sweden. 

i Dieppe. Sweden ; green sand, Qued- 
\ linburg. 

Perte du Rhone, Normandy. 

Perte du Rhone, Fiz 
Normandy* Havre, Scania. 


Sweden, Moenf Bochum. 
QuedlinhuTjf. 

Biiudc Kundert. 

Havre. 

Bochum. 

Scania. 

Maestricht, Noriwrdy 
Scania. 

Sweden. 

Scania. 

Sweden. 

Esmi. , 

Maestricht. 

Quedlinburg. . 

Speldorf ; green sand, Bochum. 
Quedlinburg. 

Maestricht. 

, Bochum, Quedlinburg. 

, Maestricht. 

. Bochum. 

, Essen. 

, Maestricht. 

4 » \ 
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Family. Name. 

Hock. 

Ju British Localities. Hock. 

In Foreign Localities. 

BrachiOpoda .Tcrebratula ? vitrea, Lam. . 

sella 

depreesa 

nuciformis ........ 

oblonga 

truncata 

Gibbsiana i • . . 

pisum 

striatula 

green sand . 
ditto ..... 

ditto 

ditto 

ditto * 

ditto ' 

inarl 

gault 

Hythe. 

Faringdon. 

Ditto. 

Sandgate. 
Faringdon. 
Folkstone, Hythe. 
Sussex. 

Ditto, Yorkshire. 


. . Eaten. 

Gervillit, Woodw. . . 

chalk 

Norwich. 


i 

rigida 

obliqua 

ditto 

ditto . . , . . 

Norfolk. 

Ditto, Ramsgate. 


c 

(Magas) pumila 

, magna, Woodw 

ditto 

ditto 

Norwich, Hants . . 
Norfolk. 


. . Meudon, Maestricbt. 

• punctata, Woodw. . . 

ditto 

Ditto. 


✓ 

< Crania Pariaiensis, Defr. . . . 

chalk 

Norwich, Brighton . 


. Meudon. 

striata, Defr. ....... 


Swaffliam 


. Normandy, Sweden. 

antiqua, Defr 




. Normandy, Schlena£keu. 

stellata, Defr. ...... 




. Normandy. 

spinulosa, Nils 




. Sweden, Maastricht. 

tuberculata, Nils. , . . 




. Scania. 

> nummuliiB, Lam. . . . 




. Schlenackcn, in Scania. 

nodulosa, Ham 




. Macmtnckt, Sweden, 

Orbicula 

green sand. 

Sussex ; gault, Yorkshne. 


Thecidia hieroglyphica, Defr. 


ditto . . . 

. Essen. 

radians, Defr 




. Maastricht, Normandy. 

recurvirostra, Defr, . . 




, Ditto, ditto. 


Of 100 conchifera belonging to the chalk system, 82 
are plagymyonous, 40 mesomyonous, 5 imperfectly 
known are classed as rudista, and 23 braehiopodous. 
They are mostly unknown iri the strata above or below. 
The great predominance c*f mesomyonous bivalves is a 


feature common to th’is and the oolitic system. It must 
be remarked, however, that it is particularly difficult 
to settle accurately the number of species of the genera 
ostrea, exogyra, and inoceramus. 


Molluhca. 


Family. Name. 


Hock. In British Local it '«•- 


Gasteropoda .Dentalium decussatum gnult Sussex. 

medium green sand . Blackdown. 

mtenn, Hum , 

septangulare ditto Belfast. 

striatum, Mant - Sussex. 

ellipticum, Mant Ditto. 

fissura, Hsen , 

Nils Ditto 

Patella locris ditto Blackdown. 

« ovalia, Nils ditto 

, Mant Lons Sussex, Wilts. 

PileopsiN , Mant. Sussex. 

Helix ? Gentii ditto Devizes. 


Auricula incrassata chalk { ^Xcl^.lowT" .T.* 1 ’ 

obsoleta, Phil gault ..... Spoetou, Yorkshire. 

turgida 

Melania ^ , Phil. ... ditto Speeton. 

Ampullaria^canahculata, J Slmex . 

ypiruta, Hsen 

— , Bt 

Planorbis radiatus green sand . Ilaldon. 

Paludina extensa Blackdown. 

Nenta rugosa, Hipii . 

Natica canreim ? Park ditto . ...» Parham, Blackdown. 

Uetzii, Nils 

, Lons. Mant.. ditto Wilts, Sussex. 

SigsretuR concavus, Ham x • 

Dclphmula , Phil. gnult Speeton. 

Turbo cannatus, II®n 

moniliferus i . . green sand. Blackdown. 

conicua Ditto. 

rotundatus Ditto. 

pulcherrmius, Beau. . gault S poet on. 

wulcatus, Nils 

Turritella granulata green saud . Blackdown. 

coatuta Ditto. * 

duplicata, H®n. 

terebra, Ham 

Pleurotomaria — ■ ■, limn 

Trochug Bartered, Bt chalk Lewes 


Rock. In Foreign Locnlir.f'* 

chalk ..... Maestricbt 


greensand. Scania. 

Sweden. 

Bulsherg. . 


J ditto Rouen* Perte du Rhone, Fiz, 

. ditto ... . Scania. 


. . . chalk Mnestricht. 

. .. greensand. Montague de Fix. 1 

, . . chalk Maestricbt. , 

Balsberg. # ^ 

. . . green sand. Bochum. 

. . . ditto ..... Coesfeld. 


chalk Helping, 


chalk Maastricht. 

green sapd . Weddernleberi. 

chalk Maastricht. 

ditto * Paris, Roping. 
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(feoloff 


lORT. Family. Name. Rock. , In British Localities. 

Ofa. IX Gasteropoda .Trochus inecqualis chalk Sussex. 

ormstus, Nils . ...... 

gurgitis, Bt. ....... green sand , Lyme. . * 

Rhuduni, Bt Southbourn, Lyme .. . • 

cirroides, Bt 


Rock. 


In Foreign Localities. 


linearis, Mant. Sussex. * 

agglutinans ? Ditto, 

hicarinatus ditto ..... Ditto. 

retieulatiis ? gault .... Sjmeton. 

■ ■ ■, Phil. MS. . # green sand . ' II y the. 

Solarium tabulatum, Phil . . gault ..... Speeton. 

CirruiM deprossus Mant. . . . chalk Sussex. 

... j Folkstoue, Norlington, 

oiicatus -j Sussex. 

Sr wcrbii, Mant. Hamsey. 

granulatux » . Lewes. 

• perspective ?. Ditto, Northfleet. 

— — ... Phil. gieen sand . Ilythe. 

Cerithiui.. exeavatum , . 

Pyrula plaiiulatn, N ils * , . , 

minima, Ileen 

Murex quadratic ditto Blackdown 

calcar ditto Ditto 

Rostellaria anserine, JN ils. . • < . 

Parkinsoni, Mant , ditto ... . Sussex, Yorkshire ..... . 

calraruta. ... . . ditto .... Bii&kdown. 

fissura, Lain 

Pteroceras maximum. Ham. . ....... 

Stromhus papiliouatus, Ham, ... 

Dohum nodosum chalk .... Clayton, Sussex. 

striatum, Woodw . .. ditto Notwich. 

K burn a , Bt ditto . . , Sussex . * ........ 

Voluta ambigua, Mant ditto .... Ditti. 


chalk .... 
green sand. Perte <Tu Rhone, Fig. 

ditto Ditto, ditto, 

ditto Ditto, ditto. 

ditto Aix la Chapelle. 


Lumber ti ** 


dittc ..... Perte du Rhone, Aix la Chapel Iq 

chalk . . . Kopmg. 

green sand . Aix la Chapelle. 


chalx . . Kdping. 

green sand . Bochum, Coesfeld 

ditto . . . , . Aix la Chapelle. 

...... . Marttgues. 

dialk Maastricht, Aix la Chapelle. 


greeu sand. Perte du Rhone, 
chulk Maastricht. ('Hun.) 


The numerical predominance of the holostomatons than m the oolitic rocks ; but yet it forms a remarkable 
gasteropoda over those which have a notched or canal i- contrast with the enumeration of species in the tertiary 
ierous mouth, is rather less conspicuous in the chalk deposits. Probably aU the species are peculiar. 


Family. 


Name, 


1' . rlc. 


In brltish I .oi ..lilies. 


Rock. 


Cephalopoda .Planularia elhptica, Nils. 

angustu. Nils. . . . 

Nodosaria sulcata, Nils. 


, lirvigata. Nils 

Belem m ton inucronutus, Sclil. chalk. 

granulatus, Defr. . . ditto 
lanceolutus. Schl. . . . tbtto 

Listen •. gault . 


ditto 

ditto 


chalk. 

ditto 


ttttenu.itns ....... 

minimus, Miller 
mamimllutus, Nils 
scanuw, N ils ... 

Hacuktes an ceps, Nils* . 
ohbquatUN - . 

/ Faujasii 

vertebmhs, Lam. . . . . . 

• triangularis, Desin. . . . . 

Ilamites urmatm ... . .. ditto 

• nyixmms gault 

intermedium ditto 

® tenuis ditto 

roLut.dus ditto 

i compresiwis tlitto 

raricostatus, Phil. . . . ditto 
Beatui, Y. atul B. . . ditto 
Phillipsu, Beau. . . * ditto 

spinulosus r : 

gigas ditto 

grandis ditto 

plieatilis, Mant gault 

alter nat us, Mant. . . . ditto 
elhpticus, Mant .... ditto 
attimuatus. Mant. . . . ditto 

funatqs, Bt . . . . . 

cwntijriutuH, Bt. . . . * 

Virgul.it us. lit 

cylmdricus, Defr. . . <• 


j Sussex, Wilts. Norfolk. 

t Yorkshire.... 

Lewes. 

H.IUISI*} ............... 

) Sussex ; red chalk, York- 
( shire. 

Sussex, Folkbtone. 
Folkstone. 


j chalk and 
\ green sand 
chalk .... 

ditto 


tn Foreign Localities 

Chat lottenbi .nd, Sweden. * 

Kopmg, Scania. 

| Scania. 

Ditto. 

fMeudon, Maertricht, Poland, Swe- 
t den, Aix la Chapelle, Normandy 


Quedlmbiirg. 


Lewes, Humsey. 
Norwich 


Sussex, Oxon 

Sussex, Yorkshire. 

Ditto, ditto 

Sussex. 

.Ditto, Yorkshire. . . 

Sussex 

Speetou. 

Ditto. 

Ditto. 

sand. Blackdown. 

llvtho. 

, . . . „ Kent. 

. . . , , Speeton, Sussex. 

. .. . . Jhtio, ditto. 

Sussex 

Ditto, Speeton. 


chalk 
ditto 
ditto , 
ditt^ 
ditto , 


Ignahorga m Scania. 
Scania. 

BaKlierg." 

Scania. 

Paris, S wed era Maestricht. 
M aestrichtj^N ormandy . 
MaestnchL 


green sand. Aix la Chapelle. 


ditto 

ditto 


Perte ilu Rhone, Aix la Chapelle. 
Nice. 


t^udk Normandy. 


green sand 
ditto .... 
ditto . . . . 
chalk . . . . 


Perte du Rhone, Fiz. 
Perte* du Rhone. 
Mont de Fi*. 
Normandy. 

& a -2 i 



668 


GEOLOGY, 


Geology. „ — 

Ch. II. Cepbalopodi 


Family. 


Name. 

ites Parkinsoni , 

gibbosun 

spuliger ditto 

tuberculatus. ditto 

turgidus .......... ditto 

nodosum ijitto 

baculoides. Mant.* . 

, Phil. MS. . 


Btriatus, Purk. ..... ditto 


undulatuK, Want. 

tuberculutuM ....... ditto 


Rock. 

In British Localities. 


. . Wilts. 

gault 

, , Folkstone. 

ditto . . . 

, . Ditto. 

ditto ... 

. Ditto. 

ditto . . . 

. Ditto. 

\litto ... 

. Rjtto. 

ditto 

. Ditto. 

ditto . . . 

. Ditto. 

chalk . . 

. Sussex. 

ditto . . . 

, Ditto 

ditto . . . 

Sussex, Wilts 

ditto , . . 

. Sussex. 

ditto . . . 

. Ditto. 


Rock. 


In Foreign Localities. 


ditto 

ditto 

ditto 


Baln'h 


. me "" 

rfm . 

Risso ditto . 


feri . . . 

s!mnlthn . . . 


M*\ cmcrphah 


obliqmiN green sand . Devizes. 

.Ammonites ductus, Mant, . chalk .... Sussex. 

Dduci, lit 

.Ammonites Stoluri, Nils preen sand, 


SellipumuR, lit. 


Armati 


Den tab 


Ornati . 
Fiexuari . 


Beudanti, Bt 

Lamberti ? Sow 

Nutfieldiensis 

Lewesiensis. Mant . . 
peramplus, Mant. . . . 
nodosoides, Sternb. . 
trisulcosus, Phil. . . . 

rotul.t 

venustus, Phil 

concinnus, Plnl 

liiarginalus, Phil. . . 

nucleus, Phil 

Rotomagensis, Bt. . . 

Mantel li 

tutrammatus et mo-1 

nde J 

bippocastntmm 

Woolgari, Mant . . , . . 

Tusticus 

ruslrutus 

naviculans, Mant. . . 
clavutus, I)e Lur. .. 

Gentom, Defr 

hystnx, Phil 

catinuN, Mant 

catillus, Mant.. . . . . . 

splendens 

virgatus, Goldf. . . . . 

inflatuH 

laiitus, Mant 

auritus, Mant 

dental us 

canter i&tus, Bt 

? variedsus 

i denarius . 

? Goodhallu 

Benrfettim 

pioboscideus 

? plnmiH, Mant 

.Ammonites varmns 

coupei , Bt. ....... 

fab- at us 

curvatus 

constnctu8 


gault Yoikshive. 

preen Hand. Nuffield, Wilts. 

chalk Sussex 

ditto Ditto 


chalk . . . 
preen sand 

chalk 


gault Y rk shire, 

ditto Ditto. 

ditto .... Ditto. 

ditto Ditto. 

ditto Ditto, 

ditto Ditto. 


Rouen $ green sand, Mont de Fix. 

Rouen. 

Normandy. 

Rouen, Havre. 


Perte du Rhone, Fiz. 
Mont de Fiz. 
Maritime Alps. 4 


Perte du Rhone, Mont de Fisc. 
Kopinpernolla. 

i Lublin, Poland, Essen ; preen sand, 
t F 17.. 

Perte du Rhone. 

Essen, Topi it z. 

Bohemia. 


ditto 


ditto 


ditto 


Sussex, Wilts 

ditto 

Rouen. 


ditto 

Suumur, Bochum, Hanover. 

l Ditto, green Hand.Black- 
( down. 

Lyme. 

Sussex. 

Ditto, Lyme 

ditto 


Sussex, Oxfordshire. 
Sussex. 

green 

sand. Fiz. 

Ditto. 

chalk 

Rouen. 

Yorkshire. 

Sussex. 

Ditto. 

Ditto, Kent. 

green 

sand. Moscow. 

Wilts 

ditto 


Sussex, Kent. 

Ditto, ditto. 

Ditto, Wilts. 

ditto 


Blackdown 

ditto 

Perte du Rhone. 


ditto Ditto. 

ditto Ditto, Lyme, Sussex. 

paglt Wilts. 

ditto Kent. 

ditto ..... Yorkshire, Sussex, 
chalk Sussex, Wilts 


ditto ..... Sussex , 
ditto Ditto. 


, ditto 
ditto 
chalk 


Fiz, Bochum j chalk, Rouen. 

Rouen. *, 1 

Ditto. 


ditto ..... Lublin, Poland* 


The following species are difficult to arrange under any of Von Buch's tribes. 


* Name. llock. In British Localities. Reck. In Foreign Localities 

undatim chalk Sussex. 

pbniulatu* green sand . Ditto. 

complanntuH, Mant. . chalk ..... Ditto. t 

laevigatus gault * . . . Ditto. 

parvus ? ditto Speeton. , 

curviuodus, Phil. . . . ditto ..... Ditto. , 

De Luci, Bt green iahd . Perte du Rhone. 

subcrisUtus, De Luc ditto . . . . . Ditto. 
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ci.. II. 


Pamily. Name. Rock. # In British Localities, Rock. 

A. cristatus gault Folkstone. 

minutus ditto Ditto. 

Cephalopoda .Nautilus elegant* . chalk Sussex ; green sand, Wilts chalk 

% expansus ditto Sussex. 

intequalis gault Ditto; green sand, Wilts. 

simplex greensand . Blackdown ditto 

ftperturatus ditto 

undulatus ditto Ditto green sand. 

pseudopomgiliuH'Schl 

obscurus, Nils 

radiatus ditto Molton, Devon. • 

(Lcnticulites) Comptoni ... ditto Wilts chalk 

crist el la ditto 

Lituolites nautiloulea, LasijL. ditto 

diffbrmis 7%^^. ditto . . . . , 

Nummulites lenticuhiria, ] ■» 

(Hgnn.) ( 

Faujasii, (limn . ) ditto 


2n Foreign Localhu’s. 


Rouen ; green sand, Havre. 
Maastricht. ? 

jRouen ; green sand P Aix la Chapelle. 
Maestridit. 

Bochum. 

Rouen, Perigucux. 

Koping. 


ditto 


green sand . 


Scania. 

Charlottenbund, Sweden. 

Paris. 

Ditto. * # 

f Maestricht ; green sand, Aix la Cha- 
1 pelh*. 

Maestricht. 

( Alps of Savoy, Dauphin^, aiyl 
vence, Maritime Alps ; chtdk,Wim- 
buhla, Saxony, Pyrenees. « 


The cephalopoda of the cretaceous system are mostly 
peculiar to it; and not only minutely, but very ob- 
viously, and often generieally characteristic of it. Ha- 
mites, baculites, scaphites, tumbles^ the denlated am- 
monites ot Von Buch. are exclusively confined to the 
gault, green sands, and chalk. It is very remarkable 
how nearly the whole series of ancient cephalopoda 
ends with the chalk, and without being represented, ex- 


cept in a very small degree, by new forms of the same 
class, seems to yield place to a vast augmentation of the 
number of the gasteropodous mollusca, which through 
all the tertiary system maintain that numerical predo- 
minance over the couchifera which is observed in the 
actual system of Nuiure. The uarnes in the preceding 
lists, are chiefly taken from Sowcrhy’s Mineral Concho- 
logy. 


Annulosa. 


Nanii' 

Yermiculari.i ( \ ermetus of .mthms) ) 

polygon alls I ‘ * 

ConoiviiN 

umbnuala 

Smverlm 

Serpulu eurmelU 

antiquata 

rustica 

nrtind.ita 

ftiupullacca 

plexus 

obtusa 

^uriuata 


Rock. Ill llritt*li Localities. 

green sand Hythe. 

ditto Sussex, Wilts. 

chalk Sussex. 

ditto Ditto ; gault, Speeton. 

green sand Blackdown. 

ditto Wilts 

gaiiit Folkstone. 

ditto Ditto. 

chalk Sussex, Norfolk. 

ditto Sussex. 

ditto Parham, Norfolk. 

ditto Norwich. 

ditto Ncriolk. 

Into Norwich. 

ditto ... v Ditto. 

ditto Ditto. 


inacropus .... 
spirula’ii .... 
gram data . . . 
plana, VYoodw. 


The difficulty of determining species in these variable 
shells is such, isfc to throw great doubt over these de- 
terminations, mp.de for the most part from single speci- 
mens. Objections ot the same kind strike us on ox- 


Name. 

Seipula trachinus, G f 

lophioda, G 

la*viH, G 

triangularis, Mini 

draco nocephaln, G 

depressa, G 

rotula, G. 

quadricannata, G 

cincttt, G 

arcuuta, Mun • 

subtorqimta, Muu 

eexangularis, Mun 

.eexsulcuta, Mon . % 

. Noeggerathii, Mini 

orecta, G. . 


amining the twenty-one species of aynulosa figured by 
(inldfuss from the cretaceous strata* of Westphalia and 
Maestricht. *Thc following list contains their names and 
localities. 


Uock. lit Foreign Localitio 1 . + 

. Essen. 

Ditto. 

Ditto. 

Rinkerpde near Munster, 

Maestricht. • 

Essen. 

RegeuBbmg. ' 

Ditto. 

Ewen, Coesfeld, Aix. . 

Regensburg, 

*Near Munster. 

Ditto, 

Amlierg. 

Near Munster, 

Maestricht » 



G E O L O G Y. 


Name. R*ck. In Foreign Localities. 

Serpula amphisbrona, G Maestricht, Bochum. 

Bpirugraphis, G Essen. 


spirographis, ( 
panada, G. . . 


subrugosa, Mun Baumherg near Munster. 

crenato-striata, Mlin. Ditto. 

vibicata, Mun Kinkerode near Munster. 


Crustacea. 

Name. Rock. In British Localities. 

Astacus Leachii, Mant chalk Sussex. 

ornatus, Phil gault Speeton. 

, Sussexiensis, Mant. . . chalk Sussex. 

• longimnuuB, Sow. . . . green sand . Lyme. 

— — . . Mant gault Sussex. 


Hock. in Foreign Localities. 


ditto ...... Speeton. 


Palinurus — , N. S. Phil., ditto Ditto, Yorkshire. 

PaguniB Faujasii, Pesm. . . . chalk Sussex - 

Scyllams Mantelli, Desm . . . ditto Ditto. 


Maestricht. 


Eryon — 
Arcania - 
Kryaea — 
Corystes . 


■ Mant. .. 
— Mant. 
-Mant. . 
Mant. 


ditto Ditto. 

gault Ditto. 

ditto Ditto. 

ditto Ditto. 


ClllRirEPA. 

Name. Rock 

Pollicipes sulcatus - . chalk , 

maximus ditto. . 


In British Localities. 
Lewes, Norwich. 

. Nor th fleet. 


Pisces. 


In British Localities. Kork. 


In Foreign Localities 


Squabs, compared to S.l ^ Suggcx . 

must el us, Mant. J 

S. galeus, Mant. . . . Ditto. 

Murapna Lewemensis, Mant. . ditto ..... Ditto. 

Zeus LewesieiiNis ditto Ditto. 

Salmo'' Lewesiennis, Mant.. ditto Ditto. 

Anna ? Lcwesiensis, Man!,, ditto Ditto 

[ V orkshire.Isle of Wight ; 
| chalk Lyme ; green 

Fish, parts of gault < bandjW'iitshirtvchalk, 

1 ”1 w.‘.n u k:«. TV...4..1L 


W lltshire, 
Sussex, &c. 


Norfolk, 


Paris. Bochum. Aix. 


Rbptilia. 


Name Rock. In British Localises. Hock. In Foreign Localities, 

Mosasaurus Hoffinanni .... chalk Sussex Mae^ricnt. 

CrocodiluN, Cuv chalk Mention. 

Ichthyosaurus, Phil gault Speeton 

Geosaurus ... . . — green sand. New Jersey. 

Plesiosaurus, (Harlan ) ditto. ..... Ditto. 

ditto?...,. Minaouri Territory. 

SauTodon Leanus (Harlan) ditto? New Jersey. 

Cheloum * * ditto. ..... Maestricht. 


General Summary. 


Plants ' 22 species, chustiy marine. # * 

{ 52 fflirosa and carnosa, corticifera, 2. 
61, cellulifera. 

27 lamellifera. 


Radiaria 95 


Conchifera 311 


Mollusca 206 

Cinripeda 2 

Annulosa 37 

Crustacea 13 

Fishes 7 

Reptiles 8 


27 lamellifera. 


f 99 plagymyona, 
j 123 me so my on a. 

J 17 rudixta. 

I 72 brachiopoda. 
f 73 gasteropoda. 

1 133 cephalopoda. 


843 species, almost exclusively marina. 
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Tertiary System. 

We have now arrived at the last system of strata de- 
posited in the sea and in lakes ; before, as is usually 
seated, the present races of land animals and plants 
were called into existence. It is usually stated to be 
limited as to time between the era of the chalk and the 
beginning of the modern zoological period ; but this 
definition is something arbitrary in application. As we 
have seen, on previous occasions, the several systems of 
strata, however distinct in the great mass, gradually 
soften into each other at the lines of junction, and some- 
times exchange beds, so as to fkrm the whole into a 
natural and connected series, so it with the pre- 

sent set of deposits in relation to the chaTk. # In Eng- 
land, indeed, as already remarked, this kind of transition 
from the chalk to the tertiaries, is nowhere distinct, nor 
are we entitled to say decidedly that at any point on the 
Continent of Europe it is well ascertained. 

The blending, however, of tertiary and cretaceous 
rocks would, if established at many points, occasion no 
peculiar difficulty iij their arrangement, nor alter one 
just inference drawn fiom previous observations. It* is 
to he expected from every thing thn^ is known of similar 
cases, that the great and abrupt enange between the 
chalk and tertiaries in England and in France will he 
m some other Countries divided into easier gradations, 
and thus the maxim vatura non facit saltns, will be 
found to prevail in this case as in all others. 

A greater difficulty however occurs when we attempt 
to mark the modern limit of the tertiary system of 
stniia, arising out of several circumstances important in 
their history, which scarcely required notice amongst the 
older deposits. 

The ancient systems of stratu were almost entirely 
marine ; hut 

1. T he tertiary system includes not only marine, but 
lacustrine deposits, which sometimes alternate with the 
marine strata, sometimes appear unconnected with them, 
and in several instances were evidently altogether in- 
dependent of them and of each other, being formed 
separately upon the elevated lands under the influence 
of the ordinary processes of drainage. Now as similar 
causes have been in operation long since the tertiary 
era, and are in operation at present, it is often for this 
reason very difficult to say what is really the Geological 
antiquity of a lacustrine deposit, whether it be of the 
present epoch, or bejongiug to the tertiary or some in- 
termediate system. 

2. Within thtf tertiary era a variety of lurid mamma- 

lia came into existence which are now extinct, and which 
it appears had become extinct before what is called 
the diluvial detritus was scattered, and the elephant and 
hyaena were destroyed ir> Northern climes. If instead of 
antediluvian we snould say mastozootic, and instead of 
tertiary, pnloeotherian, the generally received inference 
on this subject*is, that the two periods are clearly and 
distinctly defined. Most of the observations support 
this view ; but in a few cases pala'otherian and masto- 
zoo be remains occur together, and are supposed to 
prove that the changes from the earlier to the latter 
system of orgaific nature were, like all the preceding, 
gradually accomplished ; that before the palamtfieria 
had become extinct, the ox, mastodon, and rhinoceros 
had begun to exist. , 

3. But allowing, for the 'present, thutihe palteotherian 
and mastozootic remains arc of different ages, and 


6?1 

agreeing by these characters to sepaiate the diluvial Geotary, 
from the tertiary deposits ; how are we to apply this dis- tJEn. 
Unction drawn from the quadrupedal tenants of the land 
to the marine strata, in which their remains hardly ever 
occur ? Or if, as in England we find quite easy, we should 
characterise the diluvial deposits by the mode of their 
occurrence ove> all the marine strata, what is to be done 
with strata like the Sicilian tertiaries, which have perhaps 
no contemporaneous analogue raised above the sea, and 
are supposed to show no trace of diluvial currents? 

4. The tertiary class is often supposed to include only 
the deposits which happened before the present system 
of organic nature was established. But dd Geologists 
really admit what these words imply? \^e who have 
used these terms, and have come to reflect on their 
meaning, answer certainly not, either in theory or in 
practice. For the present systein of organic ?iatupp.m 
most certainly recognised in nenrly all the mjwtfieter- 
tiary strata, if we trust to the evidence wfctfch in every* 
other such case has been thought the best : viz. the 
marine shells. The shells of all the tertiary marine 
strata are proved by various degrees of evidence to belong 
to the present system of organic nature, for the genera ure 
almost universally the same, though the numerical ana- 
logy of the species is very unequal in different deposits. 

Neither is it true, that what are called lacustrine ter- 
tiaries can in all cases be pronounced to contain exuviae 
of another system of organic nature ; for if this could 
hardly he asserted of the basin of Faris, what is to be 
said of Aix and (Eningen ? 

We come now to the terrestrial accumulation, that is 
to the diluvial and alluvial aggregates, containing bones 
of quadrupeds in characteristic abundance, and com- • 
billing with these the notices of similar remains in 
lacusLiinc and marine deposits, the causes of past am- 
biguity, and the hope of future distinctness apper.T to- 9 
gether. it can hardly be doubted that the land accumu- 
lations are capable of being classed by the reliquhe of 
land animals which they contain ; and this classification 
gi\es ns the diluvial era, clearly separate both from the 
more recent and (if there be any remahis of such) the 
more ancient alluvial periods. But this distinction of 
the races of land animals into periods, applies only to 
the land, and the extension of this classification to the 
productions of the sea can only cause utter confusion, and 
distrust of the inferences to which more legitimate pro- 
cesses would probably conduct us. In u Jess degree the 
same confusion will arise from applying tins classifica- 
tion to fresh water deposits, us the mixture of extinct 
qimdrupcda and recent rnollusca at Market Weighton 
in Yorkshire fully proves. 

To be consistent, we must certainly allow that the 
races of land animals might be altogether changed 
without any corresponding change of lacustrine or ma- 
rine shells, and we must limit our classifications to tlfeir 
just application. We must judge of the age and other 
characters of supracretaceous marine strata by compari- 
son with what is known of the modern condition of the 
sea ; the lacustrine deposits of the same era must be 
compared to the standard of the modern lakes ; mul the 
terrestrial accumulations will derive illustration from 
comparison with the modern state of the land, and the 
aqueous agencies upon it. In some instances at present, 
aud it is to be expected that hereafter many more will be 
established, the relative epochs of certain terrestrial, 
lacustrine, and marine phenomena may be determined, 
but it is not the less certain t^at these phenomena 

✓ 
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Gttoloffy. belong 1 to three independent series, which must be 
Ch. U. gt u <jj C( i a p ar ^ before they can be understood together* 

ft must be evident from what has been said before 
that a considerable proportion of the old strata had at 
the commencement of the tertiary system been raised 
above the sea, some parts by violent, others by gentle 
and continued elevation. In the'latter way, we imagine, 
the chalk and oolites of England to have been a little 
raised above the sea at this period, so as to leave broad 
planes of the chalk rising gradually from the sea, and, 
of course, exposed to the violence of its shores, and other 
parts dry and fit for the growth of plants and the resi- 
dence of animals. In France the same effects may 
he cupposed to have happened round the greater part 
of the basin of Paris, while the old granitic rocks of 
central France, had sometime before raised themselves 
tb nearly their present altitude, and constituted a shore 
for the elites and the chalk. The mountains of 
•Brittany, the^chains of the Cevennes, the Jura, and 
the Vosges were also conspicuous in France, while 
the Black Forest, Odctiwald, Harz, Erzgebirge, and 
Bohemian mountains generally had ussumed their 
present relative heights. Also all the primary tracts of 
Britain, Scandinavia. Finland, and the Oral had long 
since circumscribed the ancient sea, or basin of Europe. 
But as yet the Pyrenees and Apennines, the Alps and 
Carpathians, had been only partially raised from the 
deep sea, though enough it would appear to divide the 
ocean into limited seas, gulfs, and bays, in which the 
tertiary strata were to be deposited. 

This brief sketch will convey a tolerable notion of the 
observed extent of the tertiary deposits in Europe. 

• The Eastern and South-Eastern parts ot England, a 
large tract round Paris, another equally ’large area in 
the South-West of France, detached deposits in the 
Loire and the Allier, the valley of the Rhone, the valley 
of the Rhine from Basle to Mayencc ; the great hollow 
between the Jura and the Alps, tin* plains ot the Danube 
and the Po, the subapenmne region, many points in 
Southern Spain, the central basin of Bohemia, these 
are the tracts at* present best known, but they are not 
the most extensive. From the Ardennes, Harz, Riesen- 
gebirge, Carpathians, and Caucasians, great part of the 
space North-Eastward to the primary rocks of the Ourul 
and Finland is composed of a .variable mass of tertiary 
rocks resting on secondary and primary formations. 
The Eastern coasts of North America, large areas in 
Northern Africa and in the region South ol the Hima- 
laya, are covered by tertiary rocks. 

As far as appeal at present, the marine parts of these 
deposits were formed beneath waters, some of which 
were connected with the German Ocean, as the Eastern 
parts of England, the Northern parts of Germany, 
others with the English Channel and the’ Atlantic 
Ocean, as the South of England, Paris, Bourdeaux, and 
‘ the remainder branched off from the Mediterranean, the 
Black Sea, the Sea of Azof, the Caspian, &e. 

As in the present day the molluscous productions of 
one stw are distinguishable from those of another, by 
differing according to latitude and local circumstances, 
'• according to the nature of the coasts, influx of rivers, aud 
many other causes, so we may expect the case to have 
been formerly. This is found to be the fact. The ter- 
tiary strata have several common and characteristic 
features, but they show differences of great importance, 
both mineralogical and organic, which clearly indicate 
the difference, of circumstances of their production. 


We shall first describe the English tertiaries, dis- 
tinguishing them as marine and lacustrine, and we shall 
afterwards present a comparative view of the most re- 
markable contemporaneous foreign deposits. 

* r 

Tertiary System of England. 


(taoktaey, 


The following is a Tabular view of the series of these 
deposits in England. # 


Upper marine 
formation. 


Lacustrine 
points. . 


1 . 


! Crag, a local marine deposit, consisting 
ot two parts ; oue a coarse, calcareous, 
zoophy tic, and shelly rock, the other a 
loose dp^osit of sand, pebbles, and 

JP*- 

jniiclusing between them un intervening 
{ layer of marine, or marino-lLcustrine 
| shells, &c. 


Feet. 


30 or 40 


Lower marine 
formation. 


Bagshot sand. 

London clay, with septaria rich in shells .300 to GOO 
Plastic clay group, consisting of marl 
covering the chalk, coloured clays, 
lignites, pebbles, and sand, with shells. 


We must here observe, that in the preceding Table 
there i.s probably a hiatus between the London clay 
and the lacustrine deposits in Hampshire, that there is 
no case where the crag overlies the fresh-water beds, 
they being found only in separate districts, and that it is 
also probable that a, hiatus exists between the London 
clay ami the crag. Notwithstanding the want of direct 
sections, comparisons with the tertiary strata of other 
districts appeal to warrant us in classing the crag as a 
more recent deposit than the lacustrine beds. This will 
appear in the sequel. 


The Lower Marine Formation 

consists of two principal groups which are in many 
cases very distinctly characterised, and always appear to 
indicate considerable difference in the state of the waters 
which produced them. 

The j)lastie clay group consists, generally, of green, 
yellow, and white sands, with or. without marine shells, 
layers of rolled flints, occasionally furnishing attach- 
ment to oysters, clays and marls of a yellowish or 
bluish colour with shells, aucVsometimes of many various 
tints, and then mostly devoid of shells. Beds of lig- 
nite also occur in the sands of this group. 

The Map will show with sufficient accuracy the gene-' 
ral range of itfijs group from Essex through Bucking- 
hamshire to Reading aud Himg<Mbrd, and on the 
North side of the Kmgsclere ridge of cln^lk, to Guildford 
and Croydon, and through Kent to Chatham, Canter- 
bury, and Deal. South of the Kingsclei*e and Wealden 
ridge it ranges above the chalk fmyi Newhuven, and 
Brighton by Chichester near to c Arundel and Houghton 
Hill, and thence to Dorchester, including the pipe-clay 
of I\)ole Heath, aud turning Eastward again forms a 
narrow ridge of vertical strata between the chalk and 
London clay of the Isle of Wight. 

The sections of the plastic clay group are tisuully con- 
sidered to be very irregular and confused, and so, in- 
deed, they are, and mark, upon the whole, a turbulent 
period and varying velocities of water. * But we believe 
it possible to arrange these varying sections so as to 
present a tolerably consistent Tabular view thus • 

• * 

Plastic clay group. Upper part, consisting of coloured sands and 
* « coloured clfeys with beds of lignite, and 

occasional layers of fliuts. 
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GtiotoflV' Plastic day group. Middle part consisting of blue day, «r marl, 
Ck. II. with carithia and other shells, sometimes 

, • alternating with sands, with or without 

shells. 

Lower part containing green sands often 
k , associated with dints and pebbles, aod 

occasionally full of oyster shells, sharks’ 
teeth, Ac. 

Thfc following section of Loam Pit Hill, near 
Lewisham in Kent, by •Dr. Buckled, will serve to 
cotivey a good notion of the general characters of the 
plastic jciay group near London, except that the quan- 
tity of rolled pebbles is smaller than usual. 


Upper part, consisting of 543 feet of highly coloured and varie- Geology, 
gated pipe day, white, yellow, grey, and blackish, and alter Ch. Ill 
noting even minutely with beautifully coloured sands. Near y ^ ^, L 
the middle are three >fds of lignite, m which .and vege- 
v table reliquiae are observable, and fptlprt to the North (nearer 
the top) ure five other beds of the same sort of coal, each a foot I 

thick, under this is a series of coloured and variegated sands 
321 feet thick. 

Middle part. Dark blue clay 200 feet thick enclosing much green 
earth, and nodules of a dark argillaceous Iimeftone With shells. 

(Cytherea, Ac.) 

Lower part. Green, red, and yellow sand, 60 foot. 


+ The London Clay 


London Clmj 

Alluvium . . . A ? 

Striped sand, yellow, fine, and iron-shot 

Striped loam and plastic clay, containing a few pyriticnl 
casts of shells, and sonic thin leaves of carbonaceous 

matter , 

Yellow sand 

Lead-coloured clay containing impressions of leaves 

Brownish clay containg cytherew, estimated at 

Three thin beds of clay, of which the upper and lower con- 
tain cy there® and the middle oysters 

Loam and sand, in its tipsier part cream coloured, and con- 
taining nodules of triable marl, in jfs lower part sandy 
and iron-shot 


Feet. 

10 

10 

3 
2 
f> 

• 3 

4 


Bed of ferruginous sand containing Hint pebbles 12 

( 'oarse green sand, containing pebbles 5 

Ash-coloured sand, slightly micaceous, without pebbles or shells 35 
Green sand identical with the Reading oyster beds, contain- 
ing green-coated chalk flints but no organic remains. . . 1 

Chalk with beds and nodules of black flint 


The green sandy lower* part of the group, with or 
without pebbles, oysters, and other shells, and sharks’ 
teeth, appears to be constant and very characteristic, 
being found at Sudbury, Heading, Woolwich. 6lc ; and 
also occurring in the Isle of Wight. 

The blue shelly clays of the middle part are well de- 
veloped and rich in fossils, (much analogous to those of 
the London clay,) about Woolwich and other parts of 
Kent, and attuin the monstrous thickness of 200 feet in 
the Isle of Wight s but they are not so continuous as the 
green sands. In the New Forest, and at Newhaven, 
they much fumble the Woolwich beds in their zoolo- 
gical conte trot. 

The upper series of coloured sands, clays, and lig- 
nites, arrives at great importance in Hampshire, but is 
- only feebly traceable around London, and appears quite 
unknown in Essex and Suffolk, andj^jigerally on the 
Northern rise of ^ie chalk fnwi # the ViflBw the Thames. 
The pipe clay of Poole in Dorsetshire, which is of white, 
grey, or blue Colour, belongs to this division. It over- 
lays a seam, of friable lignite (brown coal) somewhat 
like Bovey coal. 

{There are seteraHayers of white pipe clay at Poole 
Heath, three to five feet each, alternating with blank sand, 
red sand, and brown clay, and covered by white sand. 
All along the North side of the range of chalk hills 
which extend from Hand fast Point to beyond Corfe 
Castle, there is an extensive stratum of pipe clay in a 
horizontal position. It contains a bed of coal exactly 
resembling that of Alum Bay in the Isle of Wight. 
(Webster, in Geology of England , p. 58.) 

The celebrated section of Alum Bay, for which we 
are indebted to Mr. Webster, exhibits the vertical beds 
. />f the plastic clay group of tjhe astonishing thickness of 
more then 1000 feet ♦ 

The series here admits of the sum general divisions 
mentioned above. 

VOL. vi. 


is a very simple argillaceous deposit, of considerable Extent and 
hut variable thickness, in one place (Wimbledon) ox? ebaraetew. * 
ceeding even 530 feet, and in another (High Beech in 
Essex) 700 feet. It is usually of a lead-grey, oft# hftle 
colour, but dull brown and red clays Occjj^m it, per- 
haps most usually in the lower part. Ghf^en grains afb 
often observable in it, a few sandy layers occur, and 
thetfc, usually containing green sand, are indurated at 
Bngnor and Selsea into a considerable rock. Septariu 
abound in it, and some imperfect lamime of marly lime- 
stone have been noticed. It lies upon the plastic clay 
group over considerable tracts in Essex, Berks, Hert- 
fordshire, Middlesex, Hampshire, Surrey, and Kent, on 
the Northern side of the Wealden ridge, borders the 
Southern coast from Worthing to Hor dwell, and sepa- 
rates the coloured sands and clays #f the Isle of Wight 
from the Iresh-vvater deposits above. It is chiefly inter- 
esting for the vast number, beauty, and variety of its 
organic remains, of which the cliffs at Harwich, Sheppey 
Isle, Hordwell, Stuhbington, &c. are rich repositories. • 
Considerable quantities were also obtained in cutting 
foi the Archway at Highgatc. 

Having been much exposed to watery action, which ^ 
it could ill resist, it is often left in insulated hills, upon 
the substrata of sands and clays. Mineral springs, so 
common to blue days, rise in considerable number from 
the London clay near the metropolis. The most re- 
markable are those of Epsom, famous* for their sulphate 
of magnesia, Bugnige Wells, and Acton. 

It yields little water to the well-sinker, but on being 
pierced to the sands lielow, or, as circumstances may 
require, to the chalk, great streams of water Vqfth up, and 
may even overflow the surface if the chalk hills which 
gather and transmit the water be sufficiently elevated. 

This is the case about London, under, which subter- 
ranean streams flow from the chalk of Surrey on one 
side, and that of Hertfordshire on f tl?e other. 

The Lohdoti clay possesses all the characters , of a 
very quiet and continuous deposit, perhaps in deep 
water, vet not far from shore, since a few considerable 
remaNls # of land and littoral productions occur in it, as 
woodtf turtles, and crocodiles, but no pebbles nor efiarse 
sartds. 

The temporary turbulence of the plastic clay period 
had wholly passed away, and only finer sediment in 
great quantities found its way to the sea. Shells of the 
most delicate and fragile formB are perfectly uninjured ^ 
in this cluy, except in the rare case of its being lanii- •' 
nated. 

Bag&hot Sand . 

Wg shall place the Bagshot sand described by Mr. 

Warburton (Geological Transaction*) aboje the Lon- 
don clay, on which it rests in th^only districts in which 
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Geology. n & ft has been much noticed. Bag&hot Heath and 
Hampstead are the principal localities Its fossil* are 
aQ( | i in p €r f ec t, but are thought by Mr. Warburton 
totesemble .some of those found in the upper marine 
formation of the Paris basin. 

Fresh~water Group , 

I*it* of For our knowledge of the fresh-water tertiary strata 

Wight of England, we are indebted to Mr. Webster. They 
exist only along the Northern side of the Isle of Wight, 
and on the ‘opposite coast of Hampshire. After the 
chajjt and oftler strata, together with the plastic clay 
and sands and the London clay of the Isle of Wight, 
were thrown by convulsive movements into positions so 
extraordinary, the fresh -water strata now to be described 
were*hvposited horizontally over the line of this great 
disturbance. Jffhat interval of time, may have elapsed, 
or what intermediate Geological phenomena may huve 
occurred between the dislocation of the chalk and ma- 
rine tertiaries, and the formation of the fresh-water de- 
posits above, cannot be discovered, at least in this situa- 
tion. It is in the highest degree probable, thut very 
tumultuous deposits must have succeeded the convul- 
sive movements, and it is quite possible that under the 
fresh-water deposits of Ile&den Hill others may exist, 
which, if marine, might render more complete than it is 
the English series q£ marine tertiaries. 

The fresh-water strata of the Isle of Wight are parted 
into two minor groups by an intermediate set of layers 
of light green marl, 36 feet in thickness, containing in 
, extraordinary abundance and great perfection marine 
shells of the genera potamidum, voluta, fusns, nalica, 
ancilla, cyclas, veil ns, cythcrea, ostrea, &c. These are 
* distinct from the fossils of the London clay. Som^ spe- 
cies in this bed are decidedly fresh-water mollusca, as 
neritina-like fluvial ilis, and melanopsis. Pot a mid a, 
which are numerous, appear to indicate an estuary 
deposit.; and it is probable that we may be justified in 
regarding the whole of this, which is called the upper 
marine of the Isle of Wight, as a local estuary deposit, 
caused by some temporary physical change in the region 
between the eras of the two decidedly lacustrine groups, 
which it separates. 

Crag. 

Rauge and The mostrecent of all the marine stratified deposits,;; 
characters, is also one of the most irregular. It occurs only in the 
Eastern part of England over a narrow spijce of little 
elevhtion from the cliffs of Walton in Essex to beyond 
Aldborough in Suffolk. It is also known to some 
• * extent in Norfolk, particularly at Bramertoj^ near 

Norwich. 

, In this short course the crag is found to retit the 
London clay at Walton and Buwdsey, and on chfllt at 
Bramerton, being evidently a much later depotifNhan 
either and wholly independent of them. v it exhibits 
also considerable variation of character. Its general 
aspect In numerous pits in Suffolk is a ferruginous 
mass of shells, dark pebbles, and bones and teeth of 
fishes and reptiles, mixed up in a confused mass of 
sand, sometime^ grouped into beds, and sometimes 
exhibiting oblique and disordered laminae, very much 
resembling^ the general, character of a modem' very 
shelly beacG. And from the manner in which it lies in 
the country about Ijywich and at Bramerton, there 


can bfe little doubt that it is really an aheient beach of the 
German Ocean. But about Aidborough and Orford 
the crag assumes a totally different character, becoming, 
in fatty a zoophytic limestone* an cwcretjotiary rock,, 
formed by the cementation of cotafline reliquiae, shells * r 
and calcareous sand, probably after the' manner of the 
Guadaloupe accretionary limestone, and a similar littoral 
formation on the coast of the<Ialeof Ascension. This 
coralline limestorte contains sdm e/>f the most charac- 
teristic shells xif the ordinary crag, and is clearly of the 
same era as that heterogeneous deposit. 

The quantity of stalls contained in the ordinary Shells efff* 
pebbly crag of is beyond all calculation. The 

name of ciftg i£we believe, derived from* British word 
signifying shell, and the Shffblk pits mive been for a 
long time in work solely to manure the ground with their 
calcareous exuviae. The number of species here buried 
is also very great. Upon comparing them with Tecent 
kinds wc arc presented with very curious and striking 
results. There are several of the crag shells so exceed- 
ingly similar to recent shells of the German Ocean, that 
it is* impossible to distinguish them. Turbo littoreue 
retains its colour, many others are with difficulty se- 
parated by minute discrimination ; but some, as the 
corals of Orford, pecten princeps, lerebratula Dalei, 
and others, ore evidently unlike any thing now ex- 
isting in the German Ocean, and indeed not now to 
be paralleled in any part of the World. A small num- 
ber of the crag shells appear very similar to some in 
the London clay, but in general they have few common 
analogies, and the most cursory observer must be 
struck by the total difference of general aspect. The 
London clay shells recall to our memory the shores of a 
Tropical climate , the crag fossils speak to us of an 
ancient race of shells of our own seas. But the corals 
are sui generis , and upon the whole, those Geologists 
who are most desirous of uniting the crag deposit to 
the present system of Nature, must acknowledge that it 
bears the stamp of an ancient and pepoHar era. It has 
often been stated, that bones of* elephant, teeth of mas- 
todon, &c. have been found in the crag. Jgjpiis mistake, 
as we believe it to be, may have arisen '$401 y from tiie 
notion once prevalent, that crag was only a particular 
kind of diluvial deposit, and partly from attempting to 
supply an omission in Mr. Smith's Work, (Strata idert~ 
iijicdy) in w |$Mtlh e tooth of a mustodon is figured from 
p ooble spec^fH now, with this original collection* de- 
posited in the British Museum, but Without mention of 
locality. It was picked up under the (pluvial cliff at 
Happi.sburgli, from which so many clephantoidal teeth 
and bones have fallen into the sea. A ve*ry unexpected 
addition to the list of organic remains of the crag, is jlhe 
badger, (probably undistinguish^ble from the common 
European species,) of which good specimens of the skull 
and leg bones are in the Yorkshire Museum. 

It must evidently be of little use to give sections of 
such a deposit as the ordinary crag. We shall therefore 
subjoin only Mr. R. Taylor's account of the Bramerton 
pit, and mention that, in general its thickness is about 
80 feet, and its greatest height above the seiv in Walton 
Naze, h0 or 60 feet. * 

1. without organic remain*. b 

2 . 1 „ 

3. Loamy Math 4 

4. Red firmtghuws taiul, containing occasionally hollow 

ochfwut ucShdet .............. 11 

ft. Coarse white sand, with a vast number of crag sheik. . 1 j 
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K.nto« r n..»,i frMjrmmtM -r .hM. . u* 1 be expected to show dose agreement, consitfeTable re- 

a,. ”‘ 1 jLw»* Jd, taiffi. » «L' fap£T«r 4 '*■»*-« or general an alogy, ■ t »* wdtog ;« the local 

v— v-w*' shell* 6 inches thick 15 circumstancesof ibdr proftiicti^. wtad It 1^ perfectly ^ 

B, Coarse white wad with crag tMIt, similar fit No. 5. confident with Geological experienceatfd nonna theory, 

% a-^UZSr&r **? «**»***.— i ,»* that the '3 Umv< 1«^ Paris, ^ 

A 8S5^t?«sa^a*::rn-- 1 - *• 4* 

contemporaneous deposits, cterivtaf 5 tfieir ,^uwr cha- 

TotiU* • 49 racter from tfie pecuUar circiimstance8 of tWrlocati>H»^ 

bl * ck wwded together «* ri/ti in If we Jo not so often find Hi the older sysfceii^ of stjhat a 

*2*$L, 1 * he8e e reat min f tt i 1 °K ical cont ™ t * 

Chalk to the bed of the, river 15 temporaneous strata, we must remember that inf; cii- 

cumslances of land and sea, when the earlier dejriMtft® 

Foreign Terlicfry Sy$tem. happened, were more uniform, and that hy a lottgfsue- 

% v cession of convulsions the tertiary sea was made tc^f$f*r 

Under what The disturbances which preceded the deposit of the roulld j 8 ) allds and promontories, containing a vast vfftSty 
arcum- whole or the greater part of the tertiary strata, were very 0 f ro cks, reared in deep or shallow waters, and exposed 
ousted extensive, and appear to have operated considerable j n various degrees to the processes of disintegration*^ 
i ’ Changes in the configuration ot the land, and to have We may venture by the aid of what is krtfti of the 
left the European seas, certainly expanded much beyond effect of former convulsions, and the Jwljfof the che- 
their present limits, but yet pretty evidently related to the meters furnished by the newer strafa, to describe the 
present depths of the Atlantic, Baltic, and Mediterranean, hydrography of the great European Sea in which tertiary 
It has long been the custom to speak of tertiary strata as strata were accumulated. 

being particularly deposited in basins ; an inaccurate use jt , nHV perhaps be described as an immense inland 
of this term, for the tertiary strata are not more, nor „ea, bounded on tiic West by a broken line of elevated 
perhaps so much, separated into ’basins as many of the ]a|1( , in Spain> Auvergne, Brittany, England, Scotland ; V 
older strata. \\ e recognise, indeed, in them a greater local on the North by the Scandinavian peninsula, Finland ; * » 

diversity, such as at present obtains, both with respect on t } le Fast i,y par t of Bussia, the Oural, the mountain 
to the materials deposited and the organic remains en- circ | e which onc | ost , a ,| le Aral, the Caspian and the Black 
tombed, in separate branches of the same sea, or at distant Sen, and a line prolonged through Syria toward the 
and dissimilar parts of the same coast. The. true way ]{^ ( ] g ea ; „ n the South by a line including the present 
of considering the tertiary strata is, to view them as the Mediterranean, part of the Libyan Sands, and Egypt, 
varied deposits oi one long period, produced chiefly in This ancient Mediterranean appears to have been con- 
branches of one great oceau, variously divided by the netted with the Bay of Biscay and the Atlantic by shal- . 
elevated lands. Some particular deposits m.,y perhaps | ow channels between Angers and Poitiers, and bv the 
be best explained by allowing the existence of mediter- liu ^ of lhe Canal of Languedoc. It embraced the North 
raneun seas, or even salt-water lakes. Cases in which Sea> atul s0 pro V,ably communicated with the Northern* 1 '" 
flesh- water, and marine shells alternate must be examined Oot . an included a part of the Baltic, and was open to 
upon their own evidence, to learn whether such alterua- t , le Indian Ocean through the Red Sea. 
tions were produced iu a lake, or at an estuary; and j„ ,hi, vast area rose at that time irregular tracts of 
finally, the true fresh-water strata of the tertiary period laIu)( f llrm j„g , lle whole two islands. The Northern 
must be separately treated, having such relations to the j s ) lin( i i stretching in a sweep from the Cevennes to the 
marine tertiary accumulations as the fresh-water forma- Carpathians, and including the great plateau of central 
tions of the present day have to the deposits now in France, the Jura, Vosges, Schwaitxwuld, Ardennes, Tuu- 
progress Mow the sea. Thus we ahull have purely mis , Wesierwnld. Teiitohiuger Wald, Harz, Erzgebirge, 
marine strata, marino-fluviatile, or marino-lacuslrine , he cir( . 1{ . jj„j u . m j an and Moravian mountains, and 
strata, and lacustrine strata, all referable to the tertiary (hc loIlff nu , Kl . of t |,«, Carpathians. In the Southern 
period, the relative eras of which can sometimes be cor- j slan( | t ,. (lse ju partl0 i pe#ks> !inc i w it|, small surface, 
reedy determined , sometimes satisfMo^ 'i/i/em'd, ajuk the Alps ol that epoch, connecting themselves with the 
ill other cases o»>y conjectured.* Apennines and the mountains of Dalmatia, Croatia, 

The relative age of strata which were deposited"* alld (3reew . The ancient Sea oft Bohemia and the 
the same branch of the sea, can be determined by ob- s ,, a Rheinland were entirely’ or nearly surrounded 
* nervation,, eren though subsequent convulsions may i, v land; the Seas of Swisserlund and Hungary expanded 
slip huve separated the deposit into detached portions, j.Ito the Black Sea, and contracted their waters into a 
as for instance the Hampshire and the London marine narj i^|r Channel along the line of the Rhone, there to 
tertiarjes. It «*u be inferred satisfactorily, even for the Mediterranean ; and the basin of ^aris 

originally distant deposits, when large suites of organic t 0 have been only partially connected bv shall ov. 

remains, not differing more than we may expect to hap- chattels with the North Sea or the Bay of Biscay, 
pen in such cases, concur with a general analogy of Viewed then in connection with existing Seas, we may it. relation 
Geological position ; and in thiecase, the inference is the c0 , isider i n hvnd tfertiary Sea in several portions. to th» «- 
auongnr, if the data analysed and referred i.t portions ^ ^ ^ ^ of tl , e Mwllt , rranOTKi .m-tdimg up the is,in « S’ 1 *** 

to succoBgiyo periods Apply 111 u sitnilw manner to tlie extendiid Gulf ot* the Sea of SwiB^Vrlaiui and Hun- »* 

two localities* ^ar y and the extended Adiiatie Gulf, wfinhin^ the Eastern - 

The mineraloffical character of the deposits is of im- pan of Spain, Libya, and Egypt, and joining the Red Sea* r 

portanee in pro^rtion as fife deposits happened’m the 2. I 

• -rnune branch af tbt sea, aknig the same line of coast, ZTtfiehln^Iw u “ pelt s». «f a t).e 

parallel to the Mine range of mountains, or to similar tfethetlaodi. T 0 these may te joined tlia arfi of Northern 

ranges of analogous nwfce. Iu short* tertiary strata may . '<Qenwuiy, Russia, and the Counrrie. bordering 1 on the Black 
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c«pi«n. We 

« separate division for the latter surfcee», coold wo 

any *ati*f«ctoryaccount pf the organic tetopjtw of 

* m which m y«t ore very imperfectly known, 
comparison with the English series, we shall 
(nt take the example afforded by the basin of Paris, 
so admirably described by Brongniart and Cuvier, and 
on that account frequently appealed to as the general 
type of tertiary, ■ fofmati ous* 

following the general classification of Messrs. Brong- 
niart and Cuvier* we shall divide the Parisian marino- 
lacustrine strata into five groups, in the order of their 

eras. • 

« 

*5. Upper fresh-water or epiUmmc group. 

4, Upper marine (rands and maria.) 

:i. Lower freah-water or polffiotherian group. 

2. Lower marine (calcaire grossier.) 

i rplawtic. clay group, lately subdivided by M. Brongniart into 
( th#e&^froups. ( Tableau den Terrains.) 

Plastic day Our remarks*biKhese deposits will be as concise as 
gtunp. the great interest attached to a right understanding of the 
mode of their formation will allow. The idea we formed 
to ourselves from a consideration of the plastic clay 
group of England, was that of a varied series of de- 
posits, consequent upon some considerable convulsions, 
partly derived from the waste of the cretaceous system, 
■s and accumulated in a sort of estuary of that system. 
Pebbles and sands, with or without shells in confusion, 
a few bands of clay with shells, and beds of lignite, 
layers of pipe day, and plastic clay, lying i» sand, com- 
pose the rather heterogeneous group, which ends lip- 
wards with the abundant tranquil deposil of London 

« clay. 

On the great scale, the plastic clay group of the basin 
of Paris presents very analogotis characters. It rests 
, on the irregular and worn surface of the chalk, contains 
accumulations of pebbles, beds of lignite, layers of co- 
loured plastic clay, and by occasionally including beds 
of calcaire grossier, analogous to the shelly layers of 
the English group, appears to leave hardly any impor- 
tant point of resemblance unsatisfied. On a card til 
review, however, some differences arise. The order of 
succession of the several parts is not exactly similar. The 
French series taken generally may be thus expressed. 

Upper part consisting of potter's clay, marls, Manila, and much 
lignite, the clay containing many lacustrine shells, us cyremr 
and tmdanopsidett, alternating with a few marine shells, us 
ostrrsD and cerithiue; the lignites con turning remains of nmm 
maliu and fresh-wuter«reptiles. 

Middle part or plastic c!av and sands, sometimes alternating, th&j 
former generally <beneath, of very uncertain thickness, in- 
distinctly stratified and devoid of shells. 

Lowsr part, very local, consisting of fragments of chalk, flints, &c. 

These deposits are very unequally spread iti the basin 
* of Parts, and the lignite with shelly clays and Knurls be- 
longs principally to the vicinity of Soissons, . Jffe may 
.draw the following inferences. (1.) That the convulsive 
movements which wasted the chalk of Englairf* and 
raised its originally deep strata to a littoral and ofltiary 
situation, were also experienced in the basin of Paris. 
(i.)Tftat in this estuary irregular deposits happened, both 
# marine tind fresh water, the latter prevailing in particular 
places more than in the corresponding basins of Eng- 
land* and recognised by distinct layers of fluviatile mol- 
lusca, sometimes alternating with deposits containing a 
few marine ehelfik The basin of Paris seems therefore 
to have tatfi at Unit an estuary, admitting into it con- 
siderable currents of frefb water Scorn rivers or lakes, 

' J . ' . 


containing shells, crocodiles, cud. turtles, and transport’ OsokHnr. , 
ing veptaWes ; but, tbs depo^ts were generally more **• 
tranquil than the contempor protUwte of England. 

The u lower mating' group* m rnkmm. grossier, ana 
its coeval and associated 

and characteristic, rook of the % which the 

vast number of marine shells occurs Tim calcaire 
grossier is a granular, sedimentary, sand y T yellowish- 
white limestone* of considerable thickness, < risgjilarly 
bedded and jointed, with partings of a marly nature, 
including occasional beds of sand, and in some cases 
lignite and marls. The lowest part of the rock is 
usually filled with greetf^silicate of iron, and can hardly 
be distinguished jura some kinds of marly green sand# 

Tt contain? harilly the least trace of metallic substances, 
but encloses a few beds of hornstone, some cubic ftuor* 
quartz, and calcareous spar. It is the building atone of 
Paris. In some parts, it is replaced by a developement 
of sandy beds, which often exhibit glistening fractures. 

Pebbles lie in it, chiefly at the top and the bottom. Up- 
wards of 1500 species of marine shells belong to this 
group, and only a very few land or fresh-water species* 
rarely brought flown with vegetables, diversify the cha- 
racter of the deposit. A great, proportion of the shells 
of the London clay are recognised among the more 
numerous reii quire of the Paris basin. 

The lignite and marls occasionally included near the 
top of the calcaire grossier, (Brougniart,) remind us 
that the action of the fresh waters, though nearly un- 
observed during this long period of the deposition of the 
calcaire grossier in quiet sea, might easily be recalled to 
the basin of Paris by a change of local circumstances. 

Such a change occurring, a part of the basin of 
Furis was surrendered lor a time to the undisputed pos- 
session of fresh water, and the following group was 
deposited. 

The palreotherian, or lower fresh-water group, is priwei- palmothe- 
pally, stays M. Brougniart, a chemical deposit from water, rian «r 
or at least this mode of origin is very frequently to be tower inali* 
traced in it. Coarse mechanical aggregates, the result of watt,r 
violent currents, arc unknown in iti while gypsum, Bili- S roul '' 
cious nodules, and agates are frequent, and sulphate of 
strontifa, carbonate of lime, and silicate of magnesia 
occur in the marls which compose a large part of the 
mass of the formation. But it is from the remains of 
terrestrial and fresh-water plants, and the exuvire of, 
laud and fresh-water animals, that this group of strata 
tjccives its most exact as well as most interesting cha- 
pters. In the interiefi* of its mass do marine bodies of 
fcny kind have been found, but several plants and shells 
of the land and fresh water, genetically identical with 
existing tribes, as well as land quadrupedk belonging to 
genera now extinct. The study of these quadrupeds, 
first awakened in Cuvier that indefatigable zeal in the 
examination of fossil animals, which life) established the 
permanent union of the highest branches of Geology 
and Zoology. • • 

Argillaceous and calcareous marls with limnfere, 
frequently alternating in very thin lamina?, (a common 
character of lacustrine deposits of all ages,) constitute ■>. 
the mass of ibis palreotherian group ; gypsum in brodd 
crystallized masses, of a vertically prismatic structure* 

* Cbontrey, whose uarivaUed eminenesin hit profession is 
united with very extensive and accurate mfbrwatkm on other subjects* * *> 

has observed in the interior of plaster casts of huge statu**, which 
had bean subjected q? a drying hmt of 35U 9 , an imgatedv F ia * 
matte itnictuie, comparably to that of fh* gypsum Of me fewtrft 



GEO 

Geology, not uttflllfied, » frequently associated with them, as in 
Ch. XI. t he baeirt df Paris, at Pay en Veky, and at Ait art 
'-^V'-^ Provenee, tiltcibus litnestoue locally diversifies them, 
and yieldragates, menilites, tieetic quartz, Ac. To this 
gfdwp M. Brodgtifart also lifers the lignites which lie 
in the ttaoksae rf Swfcserknd. The quadrupedal reli* 
quite are, perhaps exclusively, found in the gypsum, 
and few Other organic bodies accompany them. 

This evidently fresh* water group occurs in many parts 
of France, vfometimecf* asjn Auvergne and Cantal, 
without the feast trace of a genuine marine tertiary 
basis* About Montpellier it is found in combination 
with marine deposits nearly as fh the Paris basin, and 
there appears good reason to beh’cve*that the causes 
which repelled tfce sea from tljat basin were extensively 
at work in other parts of Europe. This indeed is not 
a very difficult part of the problem. The expulsion 
of the sea may easily be imagined to have happened by 
the elevation of new land, or by a great local dislocation, 
such as we know t'o have often occurred v and thus a 
freshwater deposit in the basin of Paris might be laid 
on a basis of immediately antecedent marine tertiary 
strata, at the same epoch that in other parts of France 
elevated above the sen before the tertiary period, these 
deposits were laid on any of the older rocks. From the 
estuary or lake which we now call the basin of Paris, to 
the mountains of Auvergne, theie ought be formed, 
contemporaneously (that is, in a mventieological period,) 
many fresh-water deposits of varying character, under 
varying conditions, which are to be ascertained by special 
investigation of each case. But alter the completion of 
this lower fresh-water deposit, subterranean movements 
brought back the sea iu<o the basins of Paris and Mont- 
pellier, at the same time that marine extnite were intro- 
duced into the basin of Hampshire. It does not follow, 
as a necessary inference from the duia before us, that 
this subterranean movement was centied below the basins 
of Paris, Montpellier, and Hampshire, nor that these 
basins were raised or lowered at all ; it is only certain 
that subterranean movements must have occurred in 
such a manner as to interrupt and restore at intervals 
the connection of tfiese districts with the ancient sea. In 
what respect is this different from the case of the Weald 
of Sussex and the ancieut^oal basin of Yorkshire? 

Upper m&- The “ upper marine" group, produced in the basin 
nut* group. «of Paris by the marine irruption which covered the 
palffjotherian gypseous marls, is composed chiefly of 
sands of many colours, occasionally indurated to stone*.,,, 
with fewer shells than iti the lower murine group. Thjl^i 
base of the grdbp is, at Montmartre, a mass of calcn- 
* reo-&rgHl&ceou£ marls, greatly analogous to those of 
the fresh-water group below, a gradation of character 
very much to b& exyec’ed ; conglomerates lie on the 
coloured sands the •Northern and Eastern, parts of 
the Paris basin. A sandy, shelly limestone containing 
hones of the # paired herian, and also of the subsequent 
diluvian era, called calcaire moellon by M. de Serres, 
abounds at Montpellier and Narbonno. The molasse 
of Switzerland, a very complex and disturbed deposit, 

* is referred to this era. 

Upper The parallel between the three basins of Hampshire, 
'resWatar Paris, and the South of France, is drawn still closer by 
* ?r<mp the occurrence in all three of “ upper fresh -water# beds, 
(Kpiiimnic)4i*a last usually Included in the tertiary strata, It 
group. must in some cases he doubtful whether the upper 
fresh-wafer deposit recognised in a tertiary district be of 
the antiquity of this Parisian epili tonic group, and it 
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is highly probable tbat iacuatrine deposits will be found 

of i#i«tarnt«dkk ages from the^iWo wf . 

tertiaries of the Prtris hasirt modern 

era. Such, perhapa*aik^ 

and Georgesgemund, wliteh b*V« 

to the English reader in ' 

son's descriptions, ’But, in ' th'e -■ 

mentioned above, this doubt is nrtt’ -to • fair • 

The most characteristic rock of this grtmp 
of Paris is the millstone, a silicious rock full of cells eUd 
tubular sinuosities, attributed to the extrfeatlog 
from the bed of the lake, as is known to hap|)aii ih 
ordinary cases, and some fresh-water sheila and ejects 
ofehara. (Gyrogonites ) In other districts, especially ■„ 
in Italy, a marly limestone, analogous to the traverthm 
which is daily formed there by carbonated springs, 
is considered by Brongtiiart the representative of this* 
group, but it is obvious that this tufaceous depp&H may 
be of all ages. The upper fresh-waterjflcjfSsit, with,, 
probably, other recent deposits of tTSe same nature, 
is recognised in Auvergne and C&ntal, on the Loire, 

Allier, and f lier, in the Department of Gurd, in Swiss- 
crlund, Austria, and Hungary. 

To these characters of the strata in the Paris basin, Faluns of • 
described by MM. Brongniart and Cuvier, must be Touminu. 
added a notice of a set of gravelly sands in the Faluns of * 

Touraiue, long celebrated for abundance of shells and 
other organic remains, bdt which were first examined 
with attention by M. J. Desnoyers, Along the line of 
the Loire valley at several points, as welt as at Rennes, 
shelly and gravelly deposits occur, which, from Desuoy- 
ers’s investigation, appear certainly t© be of posterior 
date to the w hole Parisian formation, and to contain not « 
only a variety of shells and corals distinct for the most 
purl from those of the Parisian tertiaries, but also a 
mixture of quadrupedal remains, both of the p&kcotheriuti 
and muBlozootic era. Besides pulreotherium, lophiodon, * 
and a species of anthracotherinm, which would generally 
be referred to the era of lacustrine tertiaries, there are 
bones of mastodon, hippopotamus, rhinoceros, tapir, 
horse, and deer. These, the most recent, probably, of 
all the deposits connected with the Parisian series, are 
compared by M. Desnoyers with the English crag ; but 
the propriety of this ret ere rice is denied by Mr. LyelJ, 
on the ground tliut their suites of organic remains havt? 
not the same ratio of analogy to existing tribes; the 
resemblance of the deposits is, however, remarkable. 

Thus a sequence of tertiary deposits of the same general 
Characters appears to he clearly ascertained in the 
\So»nhern parts of England and the^Northern parts of 
France, and the beds in the two 'localities are of the 
same, or nearly the same age. This series has three 
principal marine terms, of which the lower one (Lqiulon 
clay inf England, caicairc grossier in France) is very 
continue^# and the most important, the middle one is 
\ arable, ittd the upper one local and littoral, perhaps,- 
we add, of rather uncertain date. The series con- 
tains also two lacustrine terms, and one, the lowest of 
all, a product of transient convulsions consequent on 
the rise of the clmlk strata. 

This agreement is Very interesting, Yet it is not to # * 
tie thought that in other patjs of Europe, which are 
not subjected to the same repeated convulsions, a 
similar sequence marine with similar interpolations 
of lacustrine deposits should often be met with. „ On the 
contrary, ft ought to be expected that whence tertiary 
deposits are wholly marine, the triple character, which 

\ 



.. ’* { ' 
v. U' 


r : 


South of 

France 


J$;‘£ “ : ■ ;^,|OL. 

A9wijy'"\\ ■ ^ t ■ - 7/j^/ / 

Gyoloffy. $ ri France iwA England they derive from definite pe- 
' should be coflfobbde«| hito e gen^ut 

Itttthy graduated or aUeftmtht# term#, as lt*p- 
' 'ftpjl&jtftb* oolitic and other attended marine eyritems. 
^e fbrther description* of tertiary strata, introduced for 
comparison with tm of England, will be divided into 
marine and lacustrine , the fonder will bfe first noticed - 
The tertiary strata of the South of France are gene- 
rally coeval with those of Paris, and the greatest assem- 
blage of shells and other marine remains lies in sandy 
and subcalcareous beds, thought by M. Brongniart to be 
of the same age as the interiacustrine sands of Paris 
In the districts of Botirdeaux and Dax, 600 specie* of 
shells have teen collected from these strata, which Mr, 
Lyell (vol. iii ) arranges in four divisions thus : — 

4. Silicions sand without shells. 

0. Gravel 

2. S&hdkand marl with shells. 

1 . Blue roaiVc^th shells, sometimes 200 feet thick. 

'Below all these*\^i?reou« strata occur with shells of the Paris 
basin, 

M. de Serres has shown the much greater accordance 
which the Botirdeaux and Montpellier shells bear to 
those of the subapennine formation of Italy thau to the 
strata of the basin of Paris, and it is from comparison 
of the organic remains that Mr. Lyell ranks together 
the Boitrdeaux and Tonraine shells, and puts them 
above all the Parisian beds. It is desirable to attain 
an accordance of opinion in the relative age of these 
strata, because they furnish common ground of com- 
parison for the deposits which border the Apennines, 
the Alps, and the Carpathians. 

North o^ The most complete section of tertiary strata along the 
■the Alps. Alps has been furnished by the researches of Murchison 
and Sedgwick in Lower Styria. 

f Calcareous sands and pebble beds, calca- 
reous grits and oolitic limestones, con- 
taining many shells, some of these of 
existing species. 

Vhite and blue marl, calcareous grit, 
wlnto marlstone, and concretionary 
white limestone with shells. 

{ Below this is a coralline limestone, with 
shells, in one place 400 feet thick, as- 
sociated with marls. 

'Conglomerate with micaceo-calcareous 
wind, and millstone conglomerate. 

Blue imirly shale and sand, with shells 
analogous to those of the calcairc gros- 
, sier and London clay. 

' $hale and sandstone with beds of lignite, 
accompanied by fluviatile and tei rest rial 
9 exuvi®. 

m Conglomerates, grits, and micaceous 
„ sandstones. 

The coralline limestone here mentioned serves as a 
good line to connect the sections along the lyie of the 
Carpathians. At Vienna, Murchison aud Sedgwick give 
the*follow in g series : — 6 W 

Alluvial beds ? of loss and gravel, the latter containing bones of 
mastodon, tapir, anthracotherium, Ac. 

Fresh- water limestone. 

Leiihakalk or coralline limestone and calcareous conglomerate, 

( Upper blue marls and sands, very rich in Shells, 
t / yellow saml nud shells. 

Atowiar group < Lower blue marls 300 feet, compared to London 
l clay. 

In Tmmylvijniri, Bout? give* the aerie* thus 

Upper grcmpsbeUy aondSy marine and fresh water. 

Sandy coarse Um jaWot of the Leithakalk. 

Molaaso. 1 
Clay and marls 








Uppermost group, 
calcareo-arenaceous. 


Middle group, 
calcareous. 


Lowest group 
observed. 


Wl 

v 


iVansylva- 
nm, Ac. 


Arid thi* applifs tb Moravin hnd the Wssi^f Hungary,, Aeatogy 
where die Carpathians CMi, 

Below fell ttwrite tertiary Wicat paritfem^ ' •* ** + * 

but raised to a great height 'jo, w' jjMMii# region 
powerful dislocations, occur those tnaris and Aavs^sr 

with conglomerates aud traces Wfeich hav<* 

acquired celebrity from the reseaiehe* Of Murchison, 
Sedgwick, Bou6, Von Lilicnbach, pfi® Other Geolo- 
gists. The discussions onr their relative age t are yet 
unsettled, because no sections oun be cbtaiwl, under 
the difficult circumstances of the case, which pul in a 
clear, order of uninterrupted succession the whole mas* 
of tertiaries, or allows very confident deduction con* 
cerning the relation of all the parts taken separately* 

The obs£brity of the subject is increased by the admitted 
indistinctness and variation of miueraiogical character 
in the tertiary sands and conglomerates or the plain# of 
the Danube. Yet it is not to be supposed that no in- 
ferences can be grounded on the laborious investigation# 
of the eminent Geologists above named. The Goaau 
shelly beds are limited below by the Alpine limestone 
at Gosau, and in the llentersberg by the some lime*' 
sto'ne, (hippuritic,) covered by grey or reddish marls and 
marlstone con raining a few fossils of the chalk forma- 
tion : above, these beds are known to pass under the 
molasses of the plains North of the Alps. Two sec- 
tions, derived from the labours of Murchison and Sedg- 
wick, will, with tins understanding, sufficiently show the 
nature of the beds. The first is across the Valley of 
Gosau. 

Uppermost group. Rnl un*l groi n ditty miracvmis sandstone seve- 
ral huwUrtvi fvot thick. (Cap of the Horn.) 

Second group . .., r rwn micu-eou* gmty suruidone, extensively 
{punned a* wbeGtoue, succeeded hy yellow- 
ish sandy mails. (In the Uessenherg.) 

Hurd group Vast shelly series of blue marls, alternating 

with compact limestone and calcareous* grit j 
traces of vegetable# above, abundance of 
nhells and corals* in the middle and lower 
part. (In the Valley ol* Gosau.) 

Lowest group. . ♦ . .The above scries grad uul!y t changes to beds of a 
more cod glomerate character, which pass into 
red sandstone ufid marl containing gypsum ; 
a course conglomerate, forming the base of 
the whole system, rests upon and nbutt against 
the Alpine limestone. (Russbach.) 

The discontinuity between the lowest part of this 
section and the top of the Alpine limestone is partially 
remedied in the U ntersberg, where a series of four terms 
likewise appears. 

Uppermost group. A great succession of alternafifog mass** of 
bluish micaceous marl, slate, cUy, sandstone, 
and conglomerate. Some of these marls 
contain lied* of gypsum end fossils resom* * 
bhng the niite of Gosau. , ‘ 

Second group .... Beds of blue micaceous state clay, and grfenish 
micaceous sandstone. 

Third group .Sandy micaceous marls, Alternating with coo- 

o glomerate#, and micaceous calc grit with 

numraulite*. Subordinate Jo this system are 
red and variegated marls with gypaum. 

Lowest group A great deposit of marl and murfstoim, gene- 

rally of a grey but in some places of a nA 
colour ; containing a few fossils resembling „ 
those of the chalk formation. • 

These beds are conformed in dceliaatibn to the Alpine 
limestones of the Untersberg. _ 

The question lately discussed respects theageof thesy W'" 
Oossu beds. Messrs. Murchison »ad Sedgwick cob- 
ceive them to be. the lowest elf the tertiary aeries of the 
Country.and to have so much analogy to. the system 
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below as to be property regard**! ** c^ie of the Con- 
necting links <rf the cretaceous and tertiary rocks. M. 

' Bou«5 ranks them wi^h the green a#nd system. On 
appealing to the organic remains, we learn tjiayhe 
affinity of genera, and the proportion of univalves and 
bivalves, bring the Gosau beds to a tertiary type ; an 
examination of the specks leads M. Deshayes to declare, 
(Lyell, vol. iii. p. 827.) that none of the Gosau shells 
are found in any recognised tertiary stratum, hut that 
some of tike most characteristic species of Gosau occur 
in the green sand below the chalk at Mon? in Belgium. 
His researches have led him besides to the following 
decisive general statement, that no shgli has yet been 
found which is common both to tertiary and secondary 
strata ! Our oifrn impression on the subject, derived 
from comparing the statements of those eminent wri- 
ters who have enjoyed the fullest advantages of oiiginal 
examination, can be of no importance on either side ; it 
will be more useful to set an example, unfortunately 
rare in such discussions, ot deliberate indecision, and 
to appeal to future discoveries Two remniks, however, 
must nof be omitted Though all the instances upon 
record should he found strictly to agree, (even when 
modified by further disc*o\eries.) witff that valuable and 
practical conclusion for which Geology is indebted to 
IJeshuyeM, yet this conclusion is general, not nmver-al, 
and cannot he employed to predicate the resulted an> new 
investigations. And again, though certain genera may 
not yet have been recognised among secondary strata, 
‘he deduction of the age of the Gosau beds from this 
source is of the same conditional character. 

Tne primary and secondary Swiss mountains are bor- 
dered on the North by a vast thickness of conglome- 
rates, sands, calciferous grits, and lignites with niammi- 
ferouR quadrupeds These me icferrtd by Bmnguiart 
to the iuteilacustiine marine beds of Tans, but the 
shells as yet found in it aie few, M Studer, of Berne, 
has amply described this immense and disturbed deposit. 

The buhapenrmie strata are all that remain to be 
noticed in these comparative sections No one since 
Brocchi has been more successful in the examination of 
these strata than Mr. Lyell, and they furnish much of 
the evidence which suppoys his classification of the 
tertiary systqp into eocene, meioccne, and pleiocene 
formations according to the degree of analogy which the 
organic fossils of those groups bear to existing races of 
marine animals.^ They are of enormous thickness, 
(several thousand ffiet,) and musf have required vet y 
long periods fin their accumulation in the Meditei- 
rancon, from which they have been uplifted to consider- 
able dfevatipns'on each side of the secondary Apt fl- 
ume gidges. * The. mass consists of mnumeiable alter- 
nations of calcareous afl(J argillaceous marl, light biown, 
or blue, but the vtJrtation of mineral character is slight 
through the whole scries and not at all sufficient to 
furnish permanent marks of separation into groups. 
It is altogether like the sediment which we may sup- 
pose to be quietly deposited on the bed of the Medi- 
terranean, by rivers which have left their coarser de- 
trilfts inland. Beds of lignite are sometimes inter- 
stratified, as at 'Medesano near Parma; subordinate 
beds of gypsum interstratifled with shelly marls # and 
sand also occur In the Parmesan. Sandstone is also 
i&teratraiified, and rarely compact limestone replaces a 

— T f -T. ■> ■' f ™- * ,T ' ' 1 ‘ T 

* Thaw tefdto are dedred foam *m$k, (recent,) combined with 
tthf (tha dawn,) (Kuw, (Ires,) and *Ku** f (mow.) 



portion oftjre^uMU^ marts, « &W wbeteh ooyered in 
places, and unequally, by q hud don 

glomerate. In which olternatioos of 4uvi#tite *m 
nue exuvim are traceable, and other cmmmstonccs are 
observed which mark estuary orJirtorel action. > 

This may be taken as the character of tire 
subapennine formation, lire tertiary strata in, the drill 
called the Superga, in Piedmont, have been described 
by M. Brongniart and other writers, and from personal , 
examination with Mr. Murchison, Mr. Lyell baa Itt* 
ferred that they are the oldest part of the tertiary 
system in Italy. Fine green sand and mart, and a 
subjacent conglomerate, (the boulders being of primary 
rocks,) compose these strata, which dip at the extreme 
angle of 70°, under the more horizontal bluish sub- 
apenmne marls of the plains of the Tan&ro. m 

The most recent portion of the subapenmne depo- Sicilian 
sits is exemplified by Mr. Lyell in the tufacetftts forma* 
tions of Naples, the calcareous strut a’tif^Otran to, and 
probably the greater part of the tertiary beds of Cala- 
bria. But the most sutisfactoiy view of the newest 
tertiary strata, is obtuincd m the Val dt Nolo, Sicily. 

Since Dr Daubeny’s account of that island, the phe- 
nomena of its stratified rocks have excited much atten- 
tion, and Mr. Lyell has been eminently successful in 
deriving from them important inferences concerning the 
reluti\e ages and periods of election of submarine 
strata The following is an abstract of his descriptions. 

The whole senes ot strata in the Val di Noto is divi- 
sible into three prino»pul gtotips. 

The uppermost group consists of limestone, some- 
times 700 or 800 feet thick, often corresponding in t 
mineral character with the calcaire grossier of Paris, but 
often more compact It is regularly stratified and 
ca\crnous. These characters, however, are liable to * 
\ar\ in different parts of the island; near Noto it has 
the concretionary spheroidal structure of the form ot 
the Italian travertino, and contains terrestrial vege- 
tables These strata prevail not only m the Val di 
Noto, but, as Dr Uaubeny stated, cap tire hill ot Custro- 
giowmni, 3000 feet above the strata. The organic re- 
mains of this limestone (generally casts) belong, with 
hardly any exception, to existing species. 

'] he middle group, not abruptly distinguished from 
the upper one, consists of white calcareous send, some- 
times with a tendency to oolitic and pisolitic texture, 
such as the travertino of Tivoli ; aj Floridia near Syra* 
cuse, it changes to conglomerate with calcareous pebbles, 
associated with sandy limestone fulLof broken shells, 
in some parts of Sicily, this group Seems to be repre- 
sented by yellow sand, exactly resembling that superfm- 
posed in the blue subapcnuine marls of Italy. 

The lowest of the three groups consists of an argilla- 
ceous deposit at variable thickness, called creta in Sicjly. 

It r$remt>iM the blue marl of the subapennines, und 
encloses shenfl and corals in a beautiful slate of preser- 
vation. The shells belong, with few exceptions, to 
recent species. • , 

Other iharly strata, probably tertiary, occur below, 
with gypsum, sulphur, and salt * .* 

Relative Antiquity of Tertiary Deposits . 

Sufficient data hare now been stated concerning the 
local characters of tertiary deposits to shdw how variable 
are the strata of this series, and what great difficulties 
oppose themselves to a satisfactory classification of them 
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tolheq relative uniiqufty, The methods of 
which hare been found so successful m the 
solution of that problem, when applied to secondary 
». strata, are here much lees applicable. The ^mineral 
character of these deposits is,for more than amongst 
secondary strata, dependent on. the* nature of the neigh- 
bouring mountains of older rocks, on the condition of 
the sea, and the state of elevation of the land. No two $e* 
parate tertiary districts, unless perhaps those which fol- 
low the line of the Danube, could he satisfactorily com- 
pared by mineral characters alone. 

The thickness of the deposits is enormously unequal, 
add the angles of their inclination and their elevation 
stove the sea afford no resting place in this research. 
Some help may ultimately arise from the theory of eleva- 
tion of mountains ; but M. de Beaumont’s view, which 
alone seems to apply itself distinctly to this subject, is 
as yet tefr'ambarrassrd with objections, and too little ex- 
amined in defirftHo lie available. 

Nothing then remains on which to build hopes of ar- 
ranging the tertiary series in a regular sequence accord- 
ing to their ages, but the evidence of their organic con- 
tents, and accordingly it is in this direction that the 
efforts of modern Geologists arid Naturalists are vigor- 
ously exerted. 

This being our only probable basis of operations, it 
will be well to examine its weak points beforehand, lest 
much labour be lavished on a fruitless undertaking. 
Difficulties of a very serious nature, and problems not 
yet solved, nor even entertained by Geologists, perplex 
the history of tertiary organic remains. 

Amongst the older rocks, notwithstanding the general 
admission of Mr. Smith’s views, the organic remains 
have been chiefly used in reasonings on the condition of 
the land and sea at certain periods, defined, not by the 
existence of these organic remains, but by the occur- 
rence of a given sequence of rocks, in which those re- 
mains are imbedded. It is true that the classification 
by superposition has been found wonderfully accordant 
with the general Geological results of Zoology, but the 
real dependence of both the practical and the theoretical 
Geologist is upon the order of superposition. Thus, 
when the oolitic system is from any cause obscured, the 
ranges of chalk above and red sundstonc below are im- 
mediately appealed to. It is true that in such a case 
the organic remains might very probably equally decide 
the doubt; but so long as the relation between the 
organic remains ancf the strata is known only in its most 
general terms, aqd for a whole series of rocks taken to- 
gether, while the particular modifications of this rela- 
ti6n, which should enable us to apply the theory to 
different strata in a given region, and to the same or 
different strata in different regions, are yet uvitter of in- 
vestigation, it is evident that ho Geologist will consider 
conclusions depending on organic rem^SjP alone as 
having more than half the force of those witch combine 
also the data of superposition. Their use, in short, 
an fqr as relates to this question, viz, the relative anti- 
quity of deposits, has ever been supplementary , not prin- 
cipal* But «ow we are to take them as our chief guides. 

Among the older rocks, such an inquiry, conducted 
upon the evidence of organic remains alone, would 
have thi9 adVryitage, the top of the series to be divided 
can be oleftjrfy defined in the vicihity, though’ the 
division *m*iy »«d so of the base; but 

in tertiary slttfta foe base can hardly ever, he seen, or 
even safely prestimet| lb be at ell known* so many have 


been the dislocations preceding them, and m abrts^ ^ 
their junction with the older strata; neither can 
uppermost terms be often assigned front a neigbbotii^ 
ihg type, because the sea, whose bed is the upper- 
most term, has tong since quitted the vicinity hf thede* 
posits. • ■ ■ 

While considering the organic remains of second- 
ary strata, the most successfbl analogies hare always 
been established by referring to the nearest well known 
type, whether the object was to* compare tbs fossils of 
identical or of different strata. Thus the fossils of 
Normandy present stronger analogies to those of the 
South of England than to those of Yorkshire ; the chalk 
of England atuf France produce a greater number of 
similar fossils than is coiwnon to the chalk of England 
aud Sweden, &c. Also the true relation of the Oolitic 
to the lias fossils is best deduced by comparing them in 
the same district : the oolite of Dundry should he com- 
pared with the lias of Bath, rather thau with the lias of 
Yorkshire or of the Western Islands. 

These truths are plain, but not unimportant. They Proper 
lead directly to a particular mode of prosecuting the in- 
vestigation. For the identification of strata in distant 
deposits, we must Compare them by intermediate terms; tiary strai 
for the determining of the relative antiquity of deposits, 
we must compare, if possible, the marine or flu viatile 
organic remains which they contain with both the up- 
permost and lowermost terms of the series, as they occur 
in the vicinity. Now the uppermost term of this series 
is certainly no other than the productions of the neigh- 
bouring sea and lakes ; but the lowermost term i9 un- 
known, for the cretaceous system holds no tertiary 
fossils. We must therefore assinne the lowest term, and 
because of the great number of fossils which have been 
discovered in the calcaire grassier of Paris, this, the lowest 
really marine deposit of that region, nuiy lie chosen as 
such. If any strata should hereafter be discovered 
below this stratum and above the chalk, their relative 
antiquity may be investigated upon < lie same principles, 
but the enquire gro.ssier will in siifh a case become the 
upper term, and perhaps the chalk the lower one. 
Whenever the inquiry can be prosecuted in agreement 
with these conditions, and the number of organic re- 
mains is considerable, the result may be trusted. The 
organic, remains of terrestrial animals can be useful only 
in comparing lei rest rial deposits, lacustrine animals for 
freshwater deposits, and marine animals alone must be 
compared ior murine deposits. « 

As a general upper term of the tertiary series, we are 
reduced to lake the catalogue of existing marine produc- 
tions, and we are compelled to reason on this, thongh in • 
fact, through the uplifting of the lied of the sea in some 
parts, whole races of shells which w*ere then peculiarly 
situated, (us, for example, a great j^umber of shells in 
the Mediterranean and in the German Oceantinw are,) 
were probably destroyed within a short period* In such 
a case the comparison of the fossils is made with a 
general catalogue indeed, but one from which many of 
their peculiar analogues have long since been erased, 
not by gradual change from general physical causes*, but * 
by local events. ft c 

May we not apply this general argument to the case 
of the Vienna basin, as compared with the subapennine 
formations? Is not thefornuu\a wholedesk^ted gulf, 
and the latter only the dried margin of a gntf? And 
should we not In this case find the analogy Of the £jiesH 
end recent tribes strong m Italy, and mhch hunter ip 
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, tbs valley of tha Danuta, even though dim deposits were Deafaeyes, for the cwtttruotwaof bisTablea. is 4*» ; „jf k&im- 
of MMUy th.sa.ne age? r fossil species 8086; together 7*14; buf 426 of-thet* qHl 

Agwn, if lire were to abstract from the catalogue of were both recent aad fossil; therefore the whoMtotnber 
limng sheila with which we compare the crag of -Eng- of distinct species examined is 9996 1 and the ratio of 
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# tend^the shells of the Northern European Ocean, what 
would be the effect upon the numerical result* of this 
comparison t Instead of forty species in a hundred 
now identical with living forms, there would remain two; 
and the crag would appeaV as little related to the existing 
Fauna of the generhl ocean as the London clay, which 
yet is very much more ancient, and, tried by the test of 
the neighbouring Fauna, uppers to be so. 

Lastly, it is to be noticed, that even when both the 
upper term and. the lower termof\he series is given 
from a neighbouring type, .the application of the prin- 
ciple of the numerical analogy of species to a variety of 
basins, for the purpose of ascertaining the relative an- 
tiquity of distant deposits, demands the admission that 
the Variation of species, on whatever causes this effect 
depended, has been proportional always, and in all situa- 
tions, to the time elapsed. Should this be granted un- 
reservedly, without evidence or examination ? • 

Such are a tew of the ddliculties in the way of de- 
termining, by comparison of fwganic remains with 
existing forms, the relative ages ot the tertiary strata, 
and we are not aware that this open statement of them 
should incur the charge of inconsiderate objection. 
Long experience has proved to us the inestimable value 
of the legitimate deductions Irom the study ot organic 
remains with lefeience to their antiquity ; and it is not 
to check, but to secure the advances of Geologists in 
this the only avenue to the classification of tertiary strata, 
that the unknown conditions of the problem are thus 
pressed upon their attention. 

Were the data upon which the further piosecutiou of 
this subject depends not more accurate than those which 
ha\e been accumulated lor the secondary rocks, the de- 
termination ot the age ot tertiary strata in distant 
basins, with such preliminary difficulties in the general 
reasoning, must fta\t;beeii indefinitely postponed. But, 
from various causes, the characters of tertiary shells have 
been long and carefully studied, and the determination 
of their species, in consequence of their great number, 
perfect conservation, aim decided general similitude to 
recent kinds, has Wen successfully attempted by La- 
marck, Brocohi, Sowerby, and other Conchologists. 
But it is to Dtshayes that the Science owes the most 
lasting obi i gap o n» of this nature. From the most ex- 
tended examination of shells both recent and fossil ever 
attempted, that eminent Conchologist has deduced the 
moat valuable aud consistent results which Geology has 
yet received from any Naturalist, on the subject of the 
geSgraphical distribution of fossil species, and the nu- 
merical ratio of^lentity between fossil and recent tribe*. 
The Table* which he has constructed from this laborious 


4be number of species which am both amcaMml fossil 
is as 5.7 to* 100.' • 

The proportions of univalve and feiwha -thsHs were 
found thus: * 


Living species.. 


Tertiary species 


Univalves!, . . 

...3616 

ns- 

Bivalves .... 

...1164 

24.4 


4769 


Univalves . . • 

...2O0B 

e«u* 

Bivalves . . . . 

... 938 



3036 



In these lists land and fresh-water shells are included 
to the number of 1465 recent, 259 fossil, of which • 

F”'™— *» {iSjSrX. ill a ::,i! ' 

Land species Living 1196 fossil . . 78 

The fossils are grouped by Deshayes under the fol- Tertiary 
lowing principal localities aud living 

1st Division. — Pans, London, Hants, Vulognes, Belgium. The *P ccl * e 
fossils of Castel Gomherto and Pauliac are considered the com P ftred * 
same, neatly, as those of Pans. • 

2d Division.— llourdeaux and Dax, Touraine, Turin, Baden, * 

* Vienna, Angers, Kcmca. The ftmils of Moravia, Hungary, 

Cracoviu, \olhyuia, Bodolia, anil TraosylvaniA are considered 
the samo, with very few exceptions, as those of Vienna aad 
Baden. 

3d Division. — Italy, Sicily, the Crag. The fossils of Perpignan 
and the More a are considered the same, with throe or four 
exceptions* as those of Italy, 


Bourdeaux and Dax. 
Italy 


Ratio of living; • 
aptfciee to 100. 


38 are living 3.4 


Siuly 


Vienna . 
Cittg... 


594 .. . 

...136 

... 22.9 

569 . . . 

....238 

... 41.8 

332 



298 . . 

.... 68 

... 22.7 

239 . . . 

.... 12 

... 5.0 

226 . . . 

216 

... 95.1 

166 ... 

... 25 

... 15.0 

124 ... 

. . .35 

... 28.2 

Ill ... 

.... 45 

... 40.1 

99 ... 

.... 26 

... 26.2 

97 . 

.... 17 

... 17.5 

49 



40 .... 

.... 3 

.... 7.5 


Baden . *4* * * * 26.2 

, . , . u . * /* Bordeaux Dax 22.9 

inveatigatioi^are given at length in Lycll s Principles of Xourauie 22.7 

Oedogjf % vol. iii. ' “ 1-r * 

The Drderof deductions in these pages being to a cer- 
tain degree different, we shall not copy those Tables, 
not even the results in the way they are given, yet all 
the statements to be made her* are based entirely ou the 
data of Deshayes. For the sake of a common scale, 
ratios to one hundred will be Introduced when%sefuL 
Land and fresh-water species are included, but ulti- 
mately, no doubt, they, will be ‘separated from the 


Arranging these approximate results in the order of 
their ratios we shall have a descending series of analo 
gies from the Sicilian deposits to the Paris basin. 

Thus the analogy of fossil soecies to the living spe 
ties is, 

® ,c dy ?? ' ? \ Allied to exiting species in 1 

S:?) - i — f » 

Vienna 28.2. 


41) tv 100 


Tables of marine shell*. 

The number of catseai specie* exwnhted 

VOL. VI. 


by M. 


Ditto 18 to 10V 

Tuna • • • 17.51 

Angere . • 15*0 1 

Rouca 7. 

London 

Paris., 3.4 

Belgium, Va.i ilHtto. . . . ‘ 3* to HH> 

lognes, Costal I none 
Gomberto, aadf stated. 

Pauliac 

In consequence of this comparison, M. Deshayes 
makes three groups of the tertiary series, according to 
the ratio of their analogy to eiistutg kinds, as expressed 
4 v ■ 
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ffoutap* fay the brocket* above, aftd Mr. Lyell* from independent 
Oh* iL researches of a leas extended character* was led to form 
'«*’*&**' tfaft »*me scale of analogies, and, moreover, to separate 
the Sicilian fowls as still more recent than the others. 
He' therefore divides the most recent group Into tw<M 
and calls them newer and older pleioce'ne, (or pliocene,) 
the middle group he calls meiocene, (or mioceue,) and 
the oldest group he calls eocene, as before explained. 

Criticism on this sscale of analogy would be at pre- 
sent wholly premature, and perhaps not respectful to 
the eminent Naturalist whose extraordinary knowledge 
and diligence have presented us with these most beauti- 
ful and impressive results. It appears to deserve re- 
* mark, however, that the inland situations of the Vienna 

and Baden tertiaries may unfavouruhly influence the 
comparison for the fossils in these localities, from the 
€ causes before stated; and, perhaps, it may appear, if 
thut circumstanc^ould be properly compensated, that 
these localities shouTH be removed from their association 
with Bourdeaux ; and joined to the subapennine depo- 
sits, according to what seems to have been the inference 
of the observers on the spot. 

Rotation of The subject may be contemplated in another point of 
foitiary view ; instead of inferring the relation of the fossil shells 
thoMituha 1° 0,10 common upper term, r/z, the shells of the actual 
Win of seas, they may be compared to what has been assumed 
•is the lowest term of the senes, the basin of Paris. 
Because of the very great aud admitted resemblance of 
the shells of Paris, London, Valognes, and Belgium, 
these may be grouped together and we shall have the 
lowest tertiary epoch yet clearly made out represented 
•by 1238 species, of which 42 are recent, and 4(i are 
found in the deposits above them. 

Ratio In 100. 

ShelUof Bourdoa u i£| 594(0f whldj 27 are alMJ Parisian, -1.0 nearly. 




Touraine 

298 

... 8 . . . 


... 2.r> 


, 166 . . 

... 7 ... 


... 4.2 

Vienna 

124 . . 

. . A . . . 


... 2.4 

Baden 

, 99 . . 

0 


... 2 0 

Turin 

. ,97 .. 

... 7 ... 


... 7.0 

Ronca 

. 40 . . 

....10 ... 


,...25.0 

Sicily. Italy, 
the Crag. . . 

J777 . 

... 1 ... 


... 0.6 




4 Terls * . . IM* -.-..*,*% * * . * ♦ *\ m > 47,4 

A«ger» ,W. >3^7 

S4fo}H»nnitte $%,7 

i*umiaa vpMch 4*0 

The apnlogy of the ^ 

Vienna and nvtbapennine foMilsia, * 40 

Turin and tubapemune $0 

Bourdeaux and eubapennine 22. £» 

Touraine and subapenuiqe. 23.4 

The general result of these numerical comparisons Genera! 
would seem to give the following scale of antiquity rauHa. 
amongst the several deposits. 

* Ly*U’*N»m*. 

,leio< * ne - }n*W 


Cag — 
Tuuruiiie 


Newer pit 
Older pleiocene. 


From this Table we have the following scale for com- 
parison with that previously given, the analogies to the 
Partition formation increasing downwards. 

Sicily, Italy, the Crag analogy 0 .6 

Baden .* 2.0 

Vienna 2.4 

Touraine . . . , c . 2.6 

Angers * 4.2 

Bourdeaux and Dax 4.6 

I ui m 7.0 

« « Ronca , 25.0 

* 

The* accordance of the two scales is very remarkable, 
and by both of them Ronca, as Deshayes conjectured, ap- 
pears to demand a place in the Parisian group. Vienna, 
Baden, and Touraine here appear less related to the Pa- 
. Hsian group. 

to those of The relation of the Touraine fossils and the Bourdeaux 
Tour an and Dax fossils to the subapennine formations appears 

and Dax. t0 be almost exactly tin* same ; their relation to living 
1 types is also almost exactly the same. It is therefore 

1 evident that these beds may be joined together to mal^e 
a new common tfcrlffb We shall then have 74S species, 
and the analogy to. this common term is for 

VauBtia 35.5 

Baden .. 43.5 


Sicilian deposits. 1 
- tfcbapennine deposits, j 
Vienna buds. , 

— Bourdeaux aud Dax Baden— —Turin. [ Miocene . 

Angers. J • 

The Parisian and London deposits. . Eocene. 

Having thus shown from M. Deshayes’s data, the Origin 
of the groups which he uses, and of the names of Mr* 
Lyell, we may present the following general results of 
the investigation of those authors, and refer to them- 
selves for abundance of further information. 

Eocene, or Purisiui*>period. This should perhaps be 
considered as strictly applicable to the lower marine 
formation of the Paris basin, because it is almost wholly 
on the shells of that formation that the classification is 
founded. 

Number of species of sheila of this period 1238 

Number of specie* also found in the meiocene period. . 66 

Number of species also found in the meioeenu and ui 
the pleiocene pciiod, and which may therefore be 
considered as characteristic of the whole tertiary 

system 17 

N umber of species identical with living kinds ,42 

Miocene Ptrwd, 

N umber of species of shells 1155 

.v umbei of species cmrimou to the lupioceuu and the 

two other epochs 134 

Real number of species of this period ..... 1021 

Number of species also found in the pleiocejV' ’period . . 1!)6 

Number of specie* identical with living kinds. 174 

Pletocenc Pn tad. 

Number of species of shells 777 

Number of «q>ecu‘H identical with hying kinds 350 

Whole number of species of shells of the tertiary system 3036 

Names of the Hevcnteen shells which are characteristic 
of the tertiary system. • 

{ * T )entalium coarctntmr 
Four extinct or unknownj Tornatella inflate, 

Bulimun terebellatus.* 

I Corbula com pi an at a. 
r Dentahum entale. * 

strangulutum* * 

Fissurella grqpca. * 4 

Bulla lignum. 

Rissoa cochlearia. 

Murex Hstulosus. 

tnbifer. , 

Polymorphina gibba. * 

Triloculina oblooga. 

Luciaa divarieata. 
gibbosula. 

Igocardia cor. * 

LNucula morgaritacea, 

a Organic Remain* of the Tertiary Strata 

Tiie statement previously made that M. Desbayes has * 
himself examined, 3036 species* of tertiary fossila, must 
be a sufficient reason for not following in respect ot 
these strata the plan adopted for the lesa miWrous 


m a recent state 


Thirteen still living 
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organic remain* of the secondary and primary rooks. 

4* indeed not tlx* same inducement or utility in 
such eJrtehded lists of tertiary fossils. They would not 
ad4 any thing: to the knowledge of periods given by the 
investigation tybich we have just ended, and the general 
resemblance in tertiary fossils of all ages and localities is 
too great to confer any particular interest on the enume* 
ration Of species. There is, probably, no more remark- 
able statement in any Bfiience, than that of all the 3036 
species of tertiary # shells, not one should be found in 
any of the older strata. This statement could only be 
made and can only be verifiedjby a skilful Conchologist ; 
but the eye least practised in such observations can re- 
cognise the same proposition in another form* Many of 
the tertiary genera of fossil shells, and especially those 
which predominate in these strata, are either utterly 
unknown or very seldom seen in secondary strata, and 
thus whole tribes of shells are instantaneously pointed 
out, by one who iB no Conchologist, us tertiary fossils. 

The most useful lists of tertiary fossils will be such 
as are capable of direct comparison on leading points 
with catalogues formerly given for the secondary* rocks. 
For this, the generic name and number of species must 
in general suffice. The marine deposits should be sepa- 
rated fiom those of fresh-water. The numbers of t he 
species of shells are taken from IVshayes's Tables. The 
remainder from Brougniuit, Tableau des Terrains 


Marine Deposits. 


Plan J s, from M. Adolphe Brongmart. 


Jifamia. 

Spec leg. 

Coniorvitos 2 

Fucotde* II 

C rtft)ior/ntni(i. 

Kqumetum I 

Taniiupterm 1 

Pirn rtrroqanu a Gymnospenmn. 

Pinu& 2 

Phanet ugmnm Mvmivattjledonett. 
Cauluutes v I 

Zobterito* 2 


rhanerouumxa Munocvfufedonra. 

* Specie*. 


Potamophjlhtefc . . . 1 

Flubellaria 1 

Antho’ithes 2 

CulimteH 2 

Phnmi ognmtu Du otyfodiMtu. 

Kxo^ijites I 

Fh) Hites 7 

Julians 1 

Carpohthea 1 


» 

Polypari a, chiefly from Brongniart and Goldfuss 


Caiyophjlha 

Turbiuoha 

A str® a 

Fungia 

Madrepore 

Fluwtift .......... 

Orbitulj^. 

Dactylopo 1 *! 

Polytripeg elongata 


Echinus .... 
Scutullu. . . 
Clypeaster. . . 
Caagidulus. .. 


I # Kschara.... 

4 Ovuhtes ... 

2 Lunuhteg. . . 

1 Alveolites . . 

1 Favosites. . . 

1 * Ifeca 

1 Jt»H 

1 GUuconome 

Radiaria. 

1 N ucleolifes . 

3 Galerites . . 

9 Bpatangim . . 

2 Asterias . . . 


* 


Articulated Animals . 

Crustacea. 


* • 


i 

1 

3 
1 
1 
1 

2 

4 


1 

2 

4 

1 


m A*elecyclm. ...... 1 Pahnunw I 

Leucosia I Sphwroma ....... J 

InachuB .* 1 

Anni/losa. * 

* . gsxpvia 4 Spirorbis 1 

.ClRRIPEDA. • f 

» m • *a»»* ft i Ifyrgom*, 1 




Molltmeu* Aahmtl*. 

Comw man,. 


\ 

' W' 

BpetMvs. 

9 t f * \ 

faftetw 

AapemgiUuro 

1 

PiammobiA 

. A 

Clavagella .*/••• 

* 9 

Psammo las, >4*’« 

* I 

Teredma 

. 2 

Xeliins . * « . i # » t 

-i w 

Teredo f . . 

. 5 

Carhia 1 ... n .... k . 

. 2 

Phoiaa 

. 9 


• 69 

Fistulana ....... 

. 7 

Dooax. . . r . . x . . t ! 

i* 16 

Soldi 

19 


. 19 

Pholadomya . . . , 

.. 1 

Cypima. 

* / ! 

Panopsa 

.. 3 

C^thewa^ 


Mya 

.. 5 

Veto's . 

. 43 

Thracia 

.. 4 

Vemwardi.i . . k 

. 

Hemicyclostera* . 

.. 2 

Cnrdium 

. 39 ^ 

Lutrana 

.. 6 

( \ pncardia ... . 

. 7 

Mactra ........ 

.. 14 


. 3 

Mesodesma, .... 

.. 7 

( mullaM 

: t 

Krycina 

.. 21 

Au a 

. 54 

Ciassateba 

.. 24 

PiCtlllK'UlUh ... 

. 27* 

Amphidcama. . . . 

.. 1 

Nuv ula .... • . 

. 23 

Corbola. ....... 

. . 35 

1 n 1 1 > - - - . 

, 2 

Pandora 

3 

Aoodonta 

. 1 

Saxiciv a 

.. 11 

Chain a ......... 

. 20 

Pttricol i 

.. 10 

Tndacua 

4 2 

Venerupia 

.. 6 

Modiola. ........ 

. 21 

Sanguingl.iria . . 

2 

My Ulus 

. 15 


Mt iomgotm. 


Pinn.L 

. . i 


, . 3 

Pnrii.i . . , 

.. 4 

OstiL a. ...... T , 

. , 72 

Avictd.i 

.. ft 

II Dilutes 

/. 4 

Elina • . ...... 

.. 13 


, . 1 

Pecu'ii 

.. 60 

Plauina 

.. 1 

PllCHtlll.l 

.. 7 

Anomia 

.. 8 


Spond) Itis 9 

th m hmpoda. 

Crania 3 Theudta I 

TerebntuU 18 


Plet'opo’ln . 

Jlyal.td 2 Cleodora ^ 3 

l mt teropoda. 


Chiton 1 

Dentahum 3 1 

Patella 10 

Cmklla 1 

Pannophdtis 2 

Kiimrpnnl t II 

Fissuielld 8 

Pileopsis ft 

Ilippomx ....... 12 

( lepitlola 3 

Caliptiaw 15 

Bullfra 2 

Holla 23 

Pilcolus 2 

Nentina 17 

Nerita 16 

Nation 41 

Sigaretus 4 

SMmatella 1 

Hahotm I 

Toinatelhi 11 

Pyramidella 8 

New genus ....... 1 

Vermetus 1 

SHiquaria 7. 6 

ScaUma 22 

Delphinula 19 

Solarium 16 

Omalaxon 5 

Trochus. 70 

P)eurobHB4|»i^»<.** I 
Mi?r»ad<mtrf 8 
Turba ....... .... 34 

Littorina ........ . 10 

PknAxii ♦ 5 

Phariandla 4 


Turritella . . . 


Proto ...... 


(Vnlhium . . , 


Triform . . . , . 


Pleurotoma 


Tnrlinolliifi . 


Cancel 1 arm . . 


Favciolaria .. 


Fusim .... . . 


P) rula . . . . 


Struthiolaria, 


♦ Ranella 


Murex 


Triton ...... 

2 ft 

Ros^ellurm . . 


Strottilmn , . . 


CttMsidaria . , 

8 

CftHHlH 

..... 15 

Rjcmula . . . . 

1 

Purpura, . » , . 

. « . . 3 4 

Moaoceros. . . 

1 

Harpa 

2 

Dohum 

I 

Bucmnum . . . 

95 

Terebra 

16 

Columbella . 

4 

Mitra, 


Vortta 


Matffttfe Ha . . 

17 

Volvaria • . » . 


Ovula 


Cypwa ...... 

Ouva 

19 

13 

Anrillaria . . . 

9 

. Terebellmn , , 

4 *., 9 

Cooua 

49 


4 u 2 






* v 1 ® ' . 

v « f V * ‘ specie Spwrtw. 

'“"^HOte’::::::;.* 1 w y ^t« 

llimilua 4 No briemnites, ammonite*, ha- 

- , > NodoaarU * 21 mite«, acaphitea, turrilitea, &c 

FtSHEft. 

Of fishes it is estimated that 100 species belong: to 
the marine tertiaries. 

Of reptiles there are 6 crocodiles, 5 trionyx, 4 etnys, 

1 testudo. 

Of cetaceq; lamantin, delphinus 4 species, xiphius 
planirostris, bafcena, Lin., 2 species. 

Of .other mammalia, phoca, trrchlecus. 

General Summary. 

2975 species. 

Plants. . . . . 36 specie*. 

Polyparia 27 

liaaiaria 23 

Crustacea 5 

Annulosa 5 

Cirripeda 6 

Conchifera plagymyona*. 736 \ 

mesomyona 1*K)> 048 

brachiopoda 22 * 

Pimped.. . .... ft 5 )■%? 17 mulluKca. 

Gasteropoda holostomata 4691 , r « r ' 

noknostomuta 1066 J 

* CephalojKxla 259 259 

Pisces 100 

Reptilia 16 

Cetacea 8 

Other Mammalia 2 

Lacwitrijie Trrtianes. 

The 5 * 1 age # As the marine shells afford the best or rather the 
to be m- only grounds for plausible deductions concerning the re- 
ferred from l a tive ages of the tertiary strata deposited troin the sea, so 
^"aquatic 11 * hresh-water shells and land shells must be employed 
races. to in dipate the relative age of the many lueustnne deposits 
which diversify the tertiary disti icts, and cannot always, 
by any rule of superposition, be referred to either o( the 
lacustrine deposits of Paris. In this research the plnnts 
also yield highly valuable evidence, but the land mamma- 
lia found with them ought surely to be excluded from 
the data which are to determine the age of the lacustnue 
sediments ; because the changes of their races may, for 
ought we Know at present, ha\e been governed by 
wholly different conditions from those which affected the 
fresh- water or land shells and plants, indeed, the case 
of shell) and osseous mall at Market Weighton, as well 
as every peat bog containing the Irish elk, proves that 
this suggestion is welj founded. The era of the qua- 
drupeds is to be determined from that of the lakes, not 
assumed to help out the deficient evidence concerning 

* these latter. * 

A few cases, selected from the great number of tertiary 
lacustrine deposits, for the sake of some peculiar facts 
which they display, may now be introduced, to illus- 
trate the condition ot the surface of the land during the 
teitipry epoch. In general it is to be; observed that, just 
' as at the present day lakes sometimes occur on certain 
streams, to several parts of the volley, at different heights 
s above the sea add %pread their waters over the Jura 
limeatoite, chalk, teirtferies, 0 r primary strata, according 
to the nature of the country, so it was in the older time ; 
and no criterion of the age of a fresh-water deposit w td 
be drown from the marine nature of the strata on which 
. it rests beyond the inference that it was posterior 
to such strata. If, as must frequent) j happen, the cu% 


eomatauees Of Abie differcirtlakea mm unlike* Ad de- 
posits in them may be related^ neither frit of 

order, nor identity of eompcsditetiy but k ls probable that 
some analogy will be traceable in their organic nrnudns. 

In the basin of Paris, gypsum occurs only la the « 
lower fresh- water deposit, yet the gypsiferous fbsh«water 
deposit of Auvergne, is supposed by Bmagniart to be 
of the age of the upper fresh-water deposits. 

The fresh-water district of 'eetitntf France occupies Central 
considerable tracts along the lines of the Loin and the France. 
Allier, and is extended Northwards on the latter river, SO 
as to approach towards th$ proper basin of Paris. The « 
interesting phenomena presented by these deposits, where 
the) have bgen subjected to volcanic agency about Cler- 
mont, the Cental, and Puy m Velay, will lwe mentioned 
hereafter. Along the Allier, granite is the general 
basis of the fresh-water strata, which consist of sandstone 
and conglomerate, containing pebbles of all the primary 
rocks ot the vicinity, but not of the volcanic rock**. 

Abo\c these are green and white very finely foliated 
marls, toll of the smull bivalve crnstaceous sheik of cy- 
pns , Jhm tufaceous limestones, sometimes full ot the 
larva — cases of phryganida? ; and the highest group of 
all hi a few places is cwm posed of gypseous marls The 
most singular fact mentioned by Messrs. Lyell and Mur- 
chison, m their description of this country, is the remark- 
able condition of two of these groups. The lowest con- 
glomerate senes puts on almost exactly the appearance of 
the English old red sandstone, with its purple and green 
spotted marls, and even its nodular limestone or corn- 
stone ; and the limestone in the upper part of the series 
actually becomes oolitic at Vichy and (iannat, and yields 
a building stone like that of Hath, and of equal beauty ; 
soft ill the quarry, but gathering hardness hy exposure. 

With what astonishment would the Geologist, acquainted 
with the fossils of the English oolite, gather in this oo- 
lite of Gannut, land shells and hones of quadrupeds, like 
those of the gypsum of Montmartre ! 

The lueustnne formation of the Cnnlqj, rests in the 
same maniici upon primary rocks, with sandy and gra- 
vel!) beds below, gypsiferous mark, beds of Hint and 
limestone alxm\ This fresh-water limestone, and its ac- 
companying flints, are described by Mr. Lyell as possess- 
ing a strong resemblance in moSe of arrangement to the 
marine chalk and flint ; the flint of the fresh water, black 
within, white without, and undergoing .the same changes 
of superficial colour on exposure as the ibalk flints of 
England. • • i, 

The same Geologists have been very gtiwcessful in Prove***, 
tracing the fresh-water deposits of Aix m Provence, 
which have yielded a large number of fossil insects, * 
some fishes, and land plants of existing genera. M. 

De Serres also has described this locality, and studied 
the insects with attention. The generii* basis of the 
Aixterti$nes, is a rock ot the oolitic system, inclined and 
contorted in position, with grypheea, belem/iites, and 
ammonites. The lacustrine deposits are in ttyfe lower 
part a series of carboniferous limestones ai*l stiate, with 
stony bituminous coal in several seams which altogether 
amount to five feet in thickness. The limestone is com-* 
pact, grey, blue, and block, and resembles the mountain 
limestone of England. Fresh-water shells (cyelades, ■ 
me I a map planorbn* tmfo) accompany these bed^aM 
■ gyrogonHes are fchad in tl»e coal Itself, MhwoBOtie » * 
sandstone* and shales/ with earthy limestone and lisa- 5 
ne«, come On afeoVh ; and these succeeded W t*4 
marl and fibrous gypsum* also characterised 'fry tNr pm* 



«Mioe of linaoe&eniJ pUnerbe*. lJi«lep and ab»v ! «‘ 

' CbVu. the t/ma rt Aito fUf upper^erlMof tbebtain i« observed 
to consistof red eondatone #nd 'conglomerate, ■ covered 
by white miid pmk^colou^d marfetmre end mv* ; and 
above alii* a triple successionof gypsum and marls, over- 
laid by white calcareous marls and marlstone, with out- 
careo-silicious millstone and resinous flint, containing 
land and lake shells. It Is in these beds that the fossil 
fish occur abundantly, and Haves and branches of fla- 
beWaria, laurus, buxus, &c. are found. The insects are 
obtained from a parting in the upper gypseous beds. 

« They are, with one exception, all land insects ; and from 
the united testimony of M. De Senes and Mr. Curtis, re- 
ferable or nearly related to existing genets, principally of 
the orders diptera* and hemiptera, some coleoptera and 
hymenoptera, but only one lepidopterous insect : sixty- two 
genera are particularly enumerated by M. De Serres. 
May we not compare this curious and as yet al most unique 
fact in tertiary Geology to the collection of insects, leaves, 
and branches, which, when swept down by Spring or 
Summer floods, afford^ a rich harvest to the Entomologist 
on the borders of the rivers in the North o^England ?, 
IFuiogen. The limestone quarries of (En ingen, hear Schaff- 
huusen, have long been celebrated wfhr abundance of 
mammalia, birds, reptiles, fishes, insects, and plants, iden- 
tical or very similar to existing kinds. The section of 
the whole deposit is given by Mr. Murchison, who brought 1 
from this locality, in 1828. one of the most remarkable ' 
fossils which has ever been found — the entire and con- I 
ueeied skeleton of a fox. The upper quarries offer a 1 
section of thirty feet, the beds changing downwards from < 
brown clay into cream-coloured indurated marl, and 
afterward into a fissile fetid marlstone, cordoning 3 
flattened shells of planorbis, small lirnneup, and cy- i 
prides; to these succeeds light-coloured, fetid, calcareous s 
building stone, beneath which is a finely laminated i 
bed, containing insects, cypris, shells of anodon, and ' 
many plants ; then follow two thin beds of fetid lime- ! 
stone, in the upper of which a large tortoise was found, i 
and ill the lower om* the fox. Below are slaty marls < 
and marlstones, limestone, and building stone, with a 1 
repetition of finely laminated layers of marl, with plants i 
aud fishes ; the general base is the molusse of Swiss- 1 
erlaud* Excepting this fox, fihich is very much allied to i 
the common fox of Europe, ail the other quadrupeds I 
found here are rodentia. The insects and plants belong i 
to European genera. < 

These descriptkma, of some of Ijie most interesting i 
lacustrine depo/us, will render it unnecessary to particu- 1 
larize other numerous cases in Swisscrlaud, Germany, i 


facial rf :**' .. Hi ‘AS *#t the gene- tMotf 

ratization fat ofraore w». , may 

at present perceive. \ ’ ■ v ■ 'SI * n\;- 

The whole massof these lignites » made up of land 
■ plants, mostly or wholly of diaolyledpiiotia 'irb^wUL -V’ 
they are accompanied by maria; land arid 
shells, and, in places, by the bones of poleotheria, anthm- 
cotheria, beaver, &c. The fixing of their 'MMai 
hardly possible by evidence drawn from themselves 
alone, for the shells and plants are few, and the quadrt*~ ; 
pedal remains very local If we attempt to fix their .. 
date by that of the marine strata which they divide, the 
uncertainty of the latter datum must, in a^great nie^ M 
sure at present, frustrate the attempt. Perhaps the 
most recent deposit of this kind mentioned on the Con- 
tinent, is that described by De Beaumont as associated 
with the older diluvium, as it has been considered, 
which that author ascribes to the uplifting of the West-, # 
ern Alps. This deposit bears marks of slow and tran- 
quil accumulation in a lake, contains planorbes in the 
layers of clay which alternate with it, and sometimes 
show s as many as four beds ; it rests on and is covered 
by pebbles, which indicate violent watery action. 

It is highly probable that lignite has been formed at 
many periods, and that deposits of this kind will be 
found at intervals from the plastic clay, through the di- 
luvial gravel and clays to the modern alluvial peat bogs, 
which they so much resemble in alternation and repe- 
tition of muterials, paucity of shells, occasional occur- 
rence of quadrupedal remains, and almost every obvious 
circumstance. 

Bovey Tiacey, in Devonshire, is the only locality in lignite of 
England where tertiary lignites are worth working ; the Bovey 
exact Geological age of* this deposit is not known at pre- Tracey, 
sent. Pipe-clay of some value lies with it. Dr. Miller, 
in the Phil. Trans, vol. 11 describes this deposit in a 
very interesting manner. The whole series dips to the 
South about twenty inches in a fathom. The perpen- 
dicular thickness of these strata, including the beds of 
clay with which they are intermixed, is pbout seventy 
feet. There are about six of each, and they are found 
to continue Eastward, in an uninterrupted course, to the 
village of Little Bovey, a mile distant, and probably 
much further. The strata of coal, near the surface, are 
from eighteen inches to four feet thick, and are sepa- 
rated by beds of brownish clay, nearly of the same 
dimensions, hut diminishing iu thickness downwards, 
in proportion as the strata of coal # grow larger; and 
both are observed to be of a more coyipaci and solid 
substance in the lower beds. The lowermost stratum of 


• Hungary, Italy,, and Spain, which present nearly the 
sStne phenomena, and appear to occupy the whole 
interval of time froln th^ lower freshwater formation of 
Parts to the diluvial era*, and to be represented by an 
equally continuous series of detached desiccated lijkes 
from that era loathe present time, 
lignite. There is r however, another kind of fresh -water de- 
posit which requires a short notice. Lignite, or wood 
coal, has long been known in France, in connection with 
• the .plastic clay group and other more recent strata, 
and also in the I$le of Wight. The same kind of car- 
bonaceous deposit is of value in the molasse of Swisser- 
Uud, aud yery extensively spread over the North of Get* 

, m;< tb# Rhine It also interla- 

roiaatar extensively tfo; merino tertiarie* of' the basiu of 

Vienna *nd ^ Carpathians ; lignitic coal 

has therms# as evea peculiar to the; 


coal is sixteen feet thick ; it lies on a bed of clay 9 undfcr 
which is a sharp green sand of seventeen feet thick, and 
under that, a bed of bard coarse clay, into which they 
have bored but found no coal From the sand arises, a 
spring of clear blue water, which the miners call imtndic . 
water* and a water of the same kind, trickling through 
the crevices of the coal, tinges the outside of it with a 
blue cast. (Phosphate of iron.) 

Amongst the clay, but adhering to the coal, are found 
lumps of a bright yellow loam, which r bum with an 
agreeable scent. (RciinasphaU.) Some of the coal is 
black, and nearly as heavy as pit coal ; this is called 
stone ccrat;biit the most remarkable sort resembles 
wood hi turck appearance so much as to be 

called woodor board coal Some plants like grass and 
MAit'Wty 'tfar* attesting days, which are in parl'?*' v . 
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wrtioB of 4he Meissner by M. Herudes- 
fepmft (itmthard TaKbmbuoh, 1817) (fives the most 
w»J relation. of the brown coal and basalt of that cele- 
brated locality. 

V Dammerde. 

% Greenstone aw) basalt, 50 to 60 fathoms «.«,* 300 to 460 feet. 

3. SchwuJ, (blind coal*) a bituminous laminated 

day, hardly to be distinguished from 
true coal . . . . . . £ to 5 feet. 

4. Kohtai&be, in all 3 to 14 fathom* thick, tux. 
a. St&ngenkohle (prisroatued) . . i to 4 ft. . . . 
b< Glanzkohle (sp. gr, 1 438) . . 3 to 18 ft . . 

c, Pechkohle (sp. gr. J-346) . . . 3 m. to 3Jft. 

d. Brownish black (ep. gr 1.259) 3 to 4 ft. ... \ 3 to 14 fath. 

a. Light Ik own light coal (ep. gr. 

* 1.230) 4 to 8 fath.. 

f Fossil wood, called stockwerk 6 in. to 1 ft. - 

5. Licgende, (sill or sole of the co.il,) sp, gr 2 5 15 

fi. Triebsand J fathom. 

7, Blue marl, on the Bast of the mountain, with 

gypsum 10 to 15 fath. 

8 More or less friable eandsfone 1 fathom, then 
sandstone to the foot of the mountain on 
the East side, but on the West side mus- 
chelkalk. 

Organic Remmins of Lacvitrme Terttanes. 

Plants from M. Adolphe Brogmatt. 

A gamin 

Cruptogamxa ccllulom. 

Muscites Tournalii Arrmsxan near Narltonne 

squamatus .......... Longjumeau near Paris. 

Crypt . varcM/mtn, 

Equiset hrachyodon Armissan. 

Filicites polybotrya Ditto 

Lycopodites squamosus .... Pans. 

Chara Lemani , . . Rt. Uuen near Pans 

tuberculosa Isle ot Wight 

modicagmulu { M ° n e ” Pari7’ S4 “ 0,,, ’ Tr ‘ PP# * 

helicterea Pleurs, Department de l'Aisne 

Phanerag. gymnosperma. 

Puma pseudostrobus .... . . Armissan 

Taxites Tournuln Ditto. 

Phaneroft. motwcclylcdonra . 

Smil antes haa*ata Ditto. 

Flabellaria Ltimanoms Aix en Provence 

Kndogcnites Montmartre 

Poacites Aix 

Phaneroy. dicoty/edonra 
Comptoma dryandnotblia. . . Armissan 

Bctuia dryadum Ditto 

Carpmus mocroptera Ditto. 

Phyllites laevigata Aix, Armissan, Pavia, 

Gealim., o Aix. 

Nymph®* arethusa Longjumeau. 

? Culmites anomclus Ditto 

Carpolithcs thahcti ultw. . . . Ditto, Die of Wight 

r ovulum Longjumeau. 

Exogemtes Palaiseau. 

CONCHIFEIIA 

V Unio Solandn, Sow ...... Isle of Wight, Hordwell 

Cycles Aix en Provence. * 

Aoodonta Lav atm CEn ingen 

My a? gregana, Sow ..... Headon Hill. 

Ctyrbula nitidx, Sow Isle of Wight 

Ortettk pulchra > Hampstead Bay ; Skye 

Myidu* lityafdji, Sow llordwell. 

* Mollusca. 

* Qtutrropoda. 

PUmwbis rotua dataflow* • . * Paris, Salindik, (Oard,) Quercey, 

cornu.. iT 1 *;,-. , 

euomgfcato* ** * • 4»{# Wight. 

prevmtinus. , . * %* * * « Bitted pans. ^ 


PtywtWs prommeiif SaHadle, 

ssfeir 

Liana* fusiforaais, Sew, 

minima, Sow, » Djttb* m 

maxima, Sow. Bmele&d. 

longiscata, Lata. Headon. 

pymmidalis, Sow. ♦ . . . . Ditto. 

columellaris, Sow Hordwell. * 

cornea • Paris* Colie an Sienna* 

fabulum Paris*. 

ventricosa Ditto, Bruere. (Chet) 

inflate Bruere. 

cylindrus Ditto. 

stngosa Le Locle near Neufebatet 

elongate..! Pans. 

«£ ummata Ditto. 

enquahs. Salmelle. * 

pygmum Ditto. 

ovum Paris. 

Paludtna affrnis Salmelle. 

impure Querw. 

Uummen Into of Wight, Bouxweiler. 

canimta . . ......... Pans. 

Ancylux elegant Hordwell. 

doperditus Salmelle. 

Melanin lasciatft Isle of Wight. 

Melunoptis cannula Newport, Isle of Wight, 

brevis . . . Hordwell, tkc 

PhasianolU orbicularis ..... . Shakomb, Isle of Wight 

ungulosa . Ditto. 

niinuta Ditto. 

. T . (Pans, Aunllac, Nanette, ntwi 

Potamidum I.amarckn < Issoero 

acutum * Isle of W ight. 

ventricuMim Ditto. 

Indusia tubulata ? Moulins, Auvergne, C'olle 

CyclostomatnimMtum Pans, Carnet in. 

pleg.ins antiquum . . . Pans. 

Ditto 

Ilehx globosa Shaleombe, Isle of Wiglit. 

Lemani Paris. 

Desmareatina Ditto 

Ratnondu Orleans, Auvergne 

Cotqui Ditto, ditto 

BulimuK pygmaeus Pans. 

torebia Ditto. 

atom us Paris, Le l^iy . 

pugiUtu* Dittc. 

Pupa Deiranc ii 1 Pans and Auvergni., 

J ina pijienne 

Arachsipa, 1 Inssecta, &JL. 

Aranea Aix en Provence. 

Phrynux. 

Coloopt Dytiscua. 0 

Staple turns. t 
Buurestis 
Ttlelolontho. 

t'urcuhoQid® 10 

Trogosita. 

IJylophagid®. . . . .. 5 

Orthojxtera o 

Hemiptera 20 ,* 

Neuroptera Libellulidte. 

Hymenojitera 8 

Lipidoptera 2 

Diptera 15 

Fishes. 




V 


Mugil cephalus 

Feme minute v - 

Cyprinus squamosus. * * 

» bipunctatus. * « » * 

* M 

Caurto. 

IqhiiMigiik 


• Aix in Provence. 

• Ditto and Peril* 

. Ditto, ditto. * 

(Emngen. 

. Ditto, w 

. Ditto. 

Ptwie. 


a 


A •)*€*» 



G E 0 L 

P»cSli* Lanwtherii Pwfc. « 

Au«rmnra»utMtt>J»p4oWi Pitto. 

Ksox . < v . QEningen. 

Ami* «. Ditto. 

* REPTILES* 

Crocodiles gypsorum, Cuv. . . * Paris, analogous to alligator. • 

Argeutoni, Cuv Argeatou, ditto. 

Sftlamandra gigairteo. (JSningtm. 

Triton poiiwtris Ditto. 

Han* Ditto. 

Triooyx gypsorum, Cuv. ...» Pari*. v 

Maunoir Aix and Paris. 

f La Grieve, L’ Agenois, Le Querey, 

de* molasae* < Hauto Vigne, (in Lot and Ga- 

l ronw,) Cav&lnaud. 

Emyg gypsorum, Cuy, Pans. ® 

Testudo of Aix Aix. 

Bhids. 

Several aperies Paris, Auvergne, (Eningen. 

Mammalia. 

„ . . (Pans. La Grave, Dordogne, (also 

PaUeotbenum magnum j Buwtoad, Isle of Wight ) . 

medium. Ditto. 

Ditto *» 

latum Ditto. 

minus La Grave, Pans. 

minimum Pons 

fimdiauenMe . * ..... Orleans 

Isselamnn 1** 1 »**ar St. Pat oul. 

, . . (Pans, f also 11 in stead. Isle of 

Anoplotheuum commune . . j Wijrht ) 

m*undn mn Pans. 

Xiphorlnn gruile Ditto. 

Dichohunes lepormut. . ... Ditto 

morions Ditto. 

otihquus Ditto 

ChspropoUnnis Pari’iien^is . . Ditto 

Anthracotlirr \cUmmni ... l J uyeu\elay, 

i Aiguntun, liwel, Souwon, Gannat, 
Lophiouou major | Montabiuard 

secumlnnuN . Argentua 

minor . • * Pans. 

p\ gmeuH 4 . . . . . Ditto. 

maxim ut* Bttbtlnrg near Bouxweiler. 

Seen odus Bastberg 

MuohjvIu mu* Boutonmat, Montpelier 

quint us Argentou. 

rmnx Pa mi turns l^uri*. 

Vulpo> CCningen, 

Gmiettu de« Platrieres . . .... Paris 

eotthdesPiat Ditto 

Didelph. Pensions) V Ditto. 

Kfureuil d«« Plat Ditto. 

Loir de* Plat ..Jt . . f . Ditto. • 

<— second . . *T, 4 Ditto 

# Ltgnitic Tertian e/f. 

# Slants. (No marine.) 

Piatt* ijibtarocarpa . • Erxjeben near Helnmtwdt. 

* onmta ... Walcb in Bohemia. 

x ftouiltari*. Tnblit* m Bohemia. 

Taxites acicuUrnf The Meissner. 

teauifoha Comothau in Bohemia. 

divortufolia Casael. 

Laagwtorfii Nidda near Frankfort. 

Jmitperd** brevifoU* ..«*«•». Comothau. 

sautifolui. , Ditto. t , 

f oliena A # Hchmetma m Bohemia, 
ilia . * Comothau. 

... Nidda. * 

gram me*. .... ....... F*»ut*.(Bnl emia.) 

JvWoS#. * 

P*^pltyll8»«,wrffi««|w»». . Ko#t Mute njw SW»- 

ntoHSM MbiMtw * * . . We% s*r Baton*. 


OGY. '* *687 

v» 

FU.beU.rie n*uk. 

Phsetucito* puraik «*** .*.**• £* CNwMMff gWSKh (Wdjfo) 

Cocos (Parwutwwii*) <** (Shdppey.) v , SL mi 

Faujwii 

Bartini WoWuv* an* Bnatoto ' •{ ' ‘ L 

MonocotySad, incfrto, * 0 ** * ' t 

Endogeuites.. Uhlavj, Horgen tmst 

(Amomocarpum doptessum) , , (Sheppey.) 

(Pandanocarpum pyramidat.) . (Ditto.) * ' 

thcotykdow. ^ 

Amntiacem. 

Comptoma acutifoha Comothau. (Bohemia*) 

Sulix ? Nidda. 

Pup ul u« ? Ditto. • 

Castanea •* Menat. * 

Limits Comothau. 

Juqlandea 

Jugluna ventneota Nidda* 

lmvigatA ..... Ditto. 

Ateriruas. 

Acer Langsdorfii Ditto. 

lhudtfl mcfrta . 

Kxogenites Linversal. 

Phyilites emuamomitoha Meissner. 

Carpolithe* (many) Nidda. 

Leaves, &c. (many) ......... Ditto. 

CONCHIFERA. 

Unio ovatus, St Swwserland. 

C)c)fN palustm Ditto. 

Cy rena autiqua St. Marguerite. (Dieppe.) 

tell mo idea Samsons. 

cum 1 formis Ditto. 

C rawfui dl lrawadi. 

Ostrea Be’lovacina. 
mcerta 

Molucca. 

Ncrita globulus. Kporuay. 

pisUunms.... Ditto. 

hubnniL Ditto, Sowsonnois, kc. 

\1npuUar1a Faujasn St. Paulet. (Gard.) 

f Epernay, Suissonx, Cui- 

Melauopsis buccmouWs aeau, Headou Hdl, 

[ Italy, Sistos, ice. 

cost at ft SmssonH. 

Melania triticea E\»crnay. 

Khchtri Kopplnach near Zurich. 

Paludina vngula Kpernay . 

unicolor . . . • Soissons. 

DesmareNtn Pan*. 

Lim non longiscata Ditto. 

Physa aiitiuua Epernay. 

Tit . . , [ Soih»onnoia, Bagneux, 

Planorlns rotundatu* | Paris, Ac. 

Tegularis C'eaenon, ^Herault ) 

Bagneux, Ei»emay. 

punctatu* Ditto, ditto. t 

Prevostinu* Paris. « 

Ccnthium mtibimoideiuu fun#- ^ KperDByi ^ Anvert, B.- 

* 

REPTILIA. 4 

Crocodilus d'Auteuil Near Paris. 

vulgaris lrawadi. 

de Provence Mined* Memet(Prov«U*. 

Lentorbyncus lrawadi. 

de l’inde Ditto. 

Trionyx de l* lode Ditto. 

Salamandraogygia,Goldf. * 

Tritou Noachicus, Goldf. 

Bana diluvioaa, Gold. 

Qphis dtibiut, Qoldff* 

llUKHAUA 

llMMf* W«eh«w 8 wiM 

* lrawadi* . 
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SMiun. MaftodonOrtiden. . 
<3h.ll .Slip, 

1 Arithracatherium magtium 

:ninu§ .......... 

* I minimum 

almitieum. 

ftUfetnmDe 

Lophlodon Loonnense . . . 

Bos ........ 

Castor d«s lignites 


. , . , lrA«r*dt 
. ... Ditto. 

,.m KcBpfnach, lraw&di, 

. ... Uwt&AL 

. . Cadibona. (Tuscany.) 
.... Ditto. 

.... Ditto. . 

.... Lobsan. 

.... Caribari. (Bengal.) 
.... Department de l’Aisnc. 
.... Ira wadi. 

.... Koepfnach. 


Dislocations of the Tertiary Strata. 

After the* deposit of the chalk and the plastic clay 
strata, and after the accumulation upon it of several re* 
gular marine tertiary strata, extensive disturbances hap- 
pened, by which the chalk and all the older strata were 
^ thrown into new positions, and the whole configuration 
, of the land in the Northern zones was greatly changed. 

South of * In England, the effects of general convulsions at this 
England, epoch are very striking in the Southern Counties, and 
chiefly referable to two nearly parallel great undulations 
of the strata, of a peculiar character, ranging East and 
West. These undulations are of such a kind, that there 
are two axes of elevation and two parallel troughs. The 
Northern trough is nearly in the line of the Thames from 
London to Reading, beyond which it appears to end ; 
the Southern trough is directed ulong the Solent, to- 
wards the extension of the chalk beyond Dorchester, 
beyond which it abo appears to end. The Northern 
axis of elevation passes through the Weald of Kent ami 
Sussex, South of Guilford to Ilighclere in Hampshire, 
and is continued along the Vale of Pewsey, but ends to- 
* ward Devizes. The Southern ridge of strata passes 
through the Isles of Wight and Purbeck, and between 
Weymouth anxl Bridport, and ends at some point in 
the Channel before arriving at Torbay. 

These great undulations appear evidently caused by 
violent elevation of the strata along the two lines de- 
scribed ; and it is exceedingly remarkable that the effect 
of the convulsion is such, that in each case the decli- 
nation of the strata on the North side is generally very 
steep or even vertical , as at Guilford on the one ridge, 
and in the Isles of Wight and Purbeck on the other, 
while on the South side the chalk in Hampshire, and 
the green sand and oolitic groups in the Isles of 
Wight and Purbeck, are nearly level or slope gently to 
the South. 

It is further obseVvablc, that for a certain length in 
the middle of each axis of elevation the strata ore verti- 
cal or nearly so, op the Noith side, but on each side of 
this length the inclination becomes less and less violent, 
and at considerable distances, in one of the ridges, is re- 
duced to a gentle slope. Thus, on the Northern ridge, 
the strata are violently inclined along the line by Iligh- 
cWfoe in Hampshire, ( where the chalk attains its greatest 
elevation in England ,) and at Guilford, but both West- 
ward toward Devizes, and Eastward toward Kent, the 
slopes become gentle. Also on, the Southern ridge, the 
stratrf are highly inclined North of Weymouth, nearly 
vertical in tfye Isle of Purbeck, but absolutely vertical at 
the Western end of the Isle of Wight, and in Culver clifta 
(Eastern end of the Isle of W ight) instead of being ver- 
tical are inclined 70° North. 

Fiona these data we may infer confidently that* the 
dintixMtog force acted from below along particular lines, 
and most Violently at certain points in these lines; and 
because of the unequal decMimtious of the strata on the 


opposite sides of the ridge* we may perhaps adttiitjhd * 
force to have bean exerted Iff Wabtiqve direction. Tide % 
latter conclusion has often been Suggested te us while 
considering the ordinary phenomena at faults. 

Diluvial Deposits. , * * 

We have now concluded the history of the deposits 
formed on the beds of the aneient sea, in Its depth* along 
its shores and in itR estuaries, and we have noticedibe con* 
temporaneous or alternating accumulations from the fresh 
waters which then flowed upon the Earth. Ttie ter- 
tiary system of strata, by showing us remarkable alterna- 
tions of fresh-water and marine deposits, appears to es- 
tablish a connection between the ancient and the modern 
World, between the subaqueous and the elevated land. 

The whole of that system presents us with strong 
analogies to the present order of things, in its races of 
animals and plants ; and its fresh-water deposits have 
often a clear relation to the present level of the continents, 
and on this account might be viewed as the oldest of the 
alluvial formations. 

Yet upon closer inquiry it will be found that in many 
cases a very strong lino of distinction is drawn between 
the tertiary formations and the true alluvia] accumulations, 
by the intervention of an irregular mass of deposits, evi- 
dently produced by inundations of extraordinory violence 
upon the face of the dried and inhabited' Earth. These 
deposits are so extensive, and over large tracts of the 
Earth's surface have so much of a common character* 
that they have very generally been classed os the pro- 
ductions of one turbulent period in the process of the 
formation of the Globe, and termed the Diluvial deposits. 

This term was first employed by Mr Smith, and when Origin a»* 
subsequently adopted by the English School of Geology, umsut ih* 
it was often understood to refer to the effects of the teTO1 ‘ 
Noachian Deluge; and though on this point opinions are 
now more unsettled and various, the term may still lie 
very properly employed by Geologists of every School 
to mark the effects of turbulent inundations upou the 
inhabited land, happening within a particular period m 
the History of the Globe. In this sense we employ it. 

Without entering upon the unprofitable history of the 
delusions in which Geologists huve involved themselves on 
the subject of the Noaehiaif Deluge, it will be proper to 
remark that all discussions of this nature are useful 
or injurious according as they are carried on indepeu* 
dentlv of or in connection with Theology. Burnet and 
Woodward, by mixing up false hypotheses with Scriptural 
History, retarded the progress of Geologh^l Science* and 
sanctioned a perverse application of the "Mosaic narrative 
to support every new, fanciful, and unsubstantial theory. * 

We must always bear in mind that it ddes not fol- 
low that all deluges must be g?ferre*d to the No&ehiari 
flood ; certainly many turbulent wayes have traversed 
the # Globe before the creation of man; some local 
deluges have happened since the days of Noah* It 
muy therefore very possibly be true tha't the turbulent 
waters of which we are now to trace the effects upon the 
surface of the Earth, may be quite independent of the 
Deluge of Scripture ; we have no right to assume yny 
connection between them ; and at alt, events ft wiH be 
prudent before thus entangling ourselves in fetters which 
it may be difficult to unclasp, fo wait for a full Intend 
gallon of the subject. Many curious questions Of ijpie 
and rircumstenoft'are invoked in such 4 
which St vrill tte^wtee to reeottexdtrl 

Tbevfe Is nothing hi Geology toss hnprobifotethwi 
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<&**; pfa*mrn m vi the *4ratfM mU* mkm*« 
?»& dimog 4h*ir i^odtKfctoo, IngMWa 
^<1 *#** action hey* been frequently sue- 
ee*#d by temporary disturbance* The epochs of these 
' disturbances relatively to other phenomena are precisely 
* f V ei^n aWte* They differ in importance, and while some 
* 1*10 great and extensive as to afford means of classi- 
fying the strata over large surfaces of the Globe, others 
WNMXI to have happened locally and irregularly. 

The present system of Nature may be considered as 
one of the periods of regular action, and the effects now 
pfodnoed upon the land and m the sea ere of the same 
kind at those occasioned duung the*comparatively tran- 
quil periods o^ older nature, because upon the whole the 
jewels of sea and land are constant. But the deposits 
called diluvial are chaiacteribtic of a period of wateiy 
tumult and dintui bailee of the most extensive kind, and 
are to be associated mental!} with othei great epochs of 
disturbance which mark temporary convulsions in the 
ancient system ol Nature This watery tumult differs, 
however, trom all anterior deluges, by tin* circumstance 
that we are looking upon the fund and reading there the 
, traces left by violent waves, while tt^e of ancient tunes arc 

known to us only by the effects they produced in the sea. 

We shall now pieseut the proofs of such a system of 
turbulent waters having passed over lurge portions of 
tin suiknc of the inhabited Earth, since the foinmtion of 
all or lie u i v all of the stiutifud loiks now visible above 
the Ouan, end since the present continents were dried, 
elevated, and inhabited 

1 Without venturing to av-trt that every region of 
the Earths suifate is coveted by the water-moved ruins 
ol rocks, and waste of distant mountains, in Munitions 
to which existing streams could not cariy them, we may 
slate that ohsc nations of this nature are gemral for all 
parts of the Continent of Europe, Not them Asm, and 
Northern America, Countries which have been, better 
than any other, exploied l>y Geologists Jn all the*-? 
regions, great* rUjwsi s of gravel, sand, and clay, con- 
taining in more or lif'-s abundance poi lions ol all the 
known rocks and strati, lie spread over formations of 
every age, primary, secondary, and ternary There is 
no order in the arrangement of these heterogeneous 
tnatcinda, no constant senes oi succession ot deposits, 

♦ but (he utmost confusion and irregularity The mate- 
rials lie boinei^uies m valley often on lulls, crossing m 
their course lyith hills mid vujleys, and appearing to 
have httli^Jldtion to the truck of the existing streams, 
though sometimes evidently influenced by the gieat 
physical features of the districts Though the subject ot 

* the direction oi diluvial curieuts, with lefeieiue to iotal 
geography, hofenot been sufficiently attended to, even in 
Belaud* we are able. to bring forward some (Unking 
instances mi sujfyort of the pieceffuig statements^ It is 
welt known that the mountain group of Cumbnu encloses 
remarkable "kinds of granite, biemte, and other rocks* 
a»d thal they are sepaiated from the Eastern putts ot 
4b& Island by a long unbroken range of carbondeious 
limestone stretetong froih the Tyne to the Aire. A con- 
iidembl« hollow every where divides these ranges; ami 

mfte parts; aa itt the vale of Eden, the hollow is from 
iff iPfcGOQ feet, or more* below the summits o# either 
lowest poinUu h the whole lute of carboui- 
, to the W 

m- Mwtaifci 
waiefcadudad lei blocks vf tiie 


II* trit ta 
turn tht* 

( umtman 
inuuutuos. 


miaw porpkfttteSM^0 
mov4d from tlteir , 

«H*pt «wr a ritfMf f fSKf! 
the red sandstone 
ancient vale lifted up 
summits of the (toss, From tiusMe 
urtred forward as from a new 
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radiating manner over the Soarff 1 &f jMm > 
whole extent of the vales of York and fMikmjm to 
the toot of the Hambleton Hills and the Wolds* Agair tH 
these great barriers, considerable quantities-of the Mflk# 
of ( umheriand, and likewise of the carboniferous ejfdtem 
of Yorkshire, are collected, but a large portion if thu 
debris has also travelled over and beyond part* of these 
high distucts and reached the sea side, whcie many of the 
cliffs are covered by blocks swept from C imiberland and 
North Western Yoikshire. In passing from Shap FelBi 
to Holderness, the granitic boulders have been trans- 
ported across twodeep vales, and over two elevated ranges 
of hills. In passing over these hills, we clearly per 
ceive that the blocks were wafted by the easiest ascents. 

This is remarkably the case at Stammoor, the lowest 
point in the long caibomferous summit, ami the only one 
crossed by the diluvial boulders. It is therefore evident 
that at the {wilod when these violent waters flowed over 
the North of England, the land had assumed its present 
general shape and altitude , it is also dear that the 
floods were influenced in then direction by the great 
physical features ol the country, but that at particular 
points they were of force and volume enough to over- 
come thihe natuinl obstacles. 

Besides the porphyntic granite of Shap other remark- 
able rocks of the Eastern pait of the Cumbrian mnun- * 
turns have lo'lowed the same course. The hyprmihSnic 
and Menitic rocks ot Carrock Fell. the btecuated and 
amvgdaloidal slates of Giasmeie, Ulswater, &c may be 
oftc u it cognised in Che same situations. Perhaps the moat 
instructive ot all cxampUs dei ivcd from this country is 
that furnished by the rtd * biotkiam” of Kirby Step lieu. 

Tins metnbei of the* salileious formation is easily known 
by its fragments of carboniferous hme&Ume imbedded in 
red sandstone, and its native site is in the depth otlhe 
vale of tin Eden From this deep repositoiy it has 
been lifted b\ tlieddovid cuntuts over Mammoor, and 
theme tamed with the grauiles and other .rocks of the 

utnbrian gioup 

'1 he ciimnts to which these effects are ascribed, must 
have flowed from the North- Wost From the Western 
part of the Cumbrian group of mountains, currents flow- 
lug nearly from North to South havje'camed the granite of 
Huvcngloss and Muncaster along the low ground JiVaat 
of tlic carboniferous chain of Yorkshire and Lancashue 
to the vicinity of Manchester, and through a gieat putt * # 

of Staffoiilshire , but this aoit of gr&niio has no wtiere 
ciossed the carboniferous chain, to spread dowA ihe 
vaileys of the Aire, Dun, Derwent, or Dove, lu this 
case, as m the former, tt is evident (bat the current was 
dincted by the great physical features of the oouufry, 
which were the same then as now. 

The quarts pebbles of the Livkey ha\e been widely From (he 
diffused over the plains of Warwickshire and Gloucester- fcteheyHilL 
shire to tbs toot of the Coisf old Udk, but on arriving at • 
this barrier they are stopped, except at two low points, the 
summits of the valley* ol the CbensdU and the Ev«m* 
too& Wm* these valley*, and akmg their horde**, the 
Mbhte KoUL separate soumes dU the ewwm unite « 
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jmsy to be arranged dti narrow, , w . 
te sometimes the dBu^ aecoiait- 

In LwcolouWre along lbrrow#idge ofdttarfal 

r tans out in a South-Westward difcjctian/byFatding- 

^orth. In Yorkshire the lias bouldere from Robinhood's 
Ray keep nearly parallel to the present North and Sooth 
line of coast ; and the flinty gravel from the Wolds 
runs North and South from Pocklington to Cave. These 
observations will probably be much extended hereafter. 
IPwLi the The most extraordinary effects of tumultuous waters 
4 * 1 *. upon the surface of the land * appear sometimes to sur- 
round lofty ranges and groups of mountains. Thus the 
Mont Blanc group of primary mountains has been rent to 
pieces by some violent convulsion, and its mingled frag- 
ments transported along the lines rather than in the actual 
channels of the Rhone and the Arve into the Valais, 
along the Lake of Geneva, and up the slopes and 
through the valleys of the Jura even far into France. By 
this extraordinary course, blocks of enormous magnitude 
have been drifted in. great numbers on to the tops of 
mountains, even to the height of 2000 or 3000 feet above 
the Lake of Geneva, and left there in such abundance 
as to encumber the land with thousands of extraneous 
, masses. There appears in these collections of blocks a 
very singular tendency to association in groups and lines. 
(De Luc.) It is particularly to be remarked that no or- 
dinary action whatever could possibly cover the abrupt 
mountains of the Saleve and Mont Sion with such im- 
mense and numerous masses of these rocks, or transport 
them across the deep and wide valley of the Rhone to the 
‘ steep slopes of the Jura. For such powerful effects it 
will be difficult to assign an adequate cause, and how- 
ever much influence we may ascribe to the impetuosity 
even of an uplifted sea possibly cooperating with the 
disruption of glacier-covered mountains, the phenomenon 
must ever appear of the most remarkable kind. 

We seem to perceive, on a general view of the disper- 
sion of these erratic blocks from the Alps* a remarkable 
relation to the existing valleys. While the Mont Blanc 
group have yielded fragments to the Rhone and the Arve, 
the Bernese oberland has supplied the basin of the Aar 
and the neighbouring part of the Jura ; the valley of the 
Reuss has conveyed the waste of the mountains at its 
source; blocks from Glaris lie by the Lake of Zurich, 
and the valley of the Rhine holds the rocks of the 
Orisons. 4 

The great range o t f the Jura, opposed to the Alps, and 
separated from them fry the long and wide valley of the 
Aar prolonged into the Lake of Geneva, has furnished 
the best opportunity of determining the geographical 

* And other data belonging to the curious prohleip of the 
dispersion of these blocks, it is certain that in their 
Cfaursc from the Alps the blocks have principally followed 
the line of the present valleys, since they are foiftid 
along their sides in greatest plenty, and are collected 
in, RfcOftt abundance, and lie at the „ greatest heights, *u 
those girt* of the Jura chain which directly face the em* 
bouehurtft of fie valleys. Yet this relation to the vat* 

* leys is aiidi e tend, that the blocks, instead of being 

ttte lie perhaps move plentifully on the 

kill 0 totally different kind of Watery 

action fmm fhd if tke running streams. • Some general 
otmv^MotkS elevating the mountains 





art#,'') 

rocks of Swedert B 
dee Terraik*y has liven tn i 
nomena. 

The sandy plains of 

Zeeland, Mecklenburg, Brandenburg, the 
plains of Pomerania, Pru*sia, w ftnd part of 
inland between Warsaw and Grodno, and tsi . 
all the tow, generally flat, and sandy Countries 1 
border the Baltic and the German Ocean from th< 
and the Weser to the Dwino, and even the Nev&V 
covered at interval s^by these blocks. They are not Utok 
forrnly dispersed, but collected in particular spaces, add 
fotm in the midst of these vast Sandy wastes distinct , 
groups, generally elliptical in outline, with the longer 
axis directed North and South, or toward the Baltic Sea. 

Bruckner mentions a trainee of these blocks in tfld 
Northern part of Mecklenburg-Strelltx, which runs froth 
West North-West to East South-East. They are more 
abundant on hills than in valleys. The largest blocks 
are most superficial and nearest the tops of the hills. 

They consist of granges, similes, transition limestone 
with trilobites, &c.,an<l other rocks which have the great 
est resemblance to the rocks of Sweden ; they contain 
the same peculiar minerals, mid the same peculiar or- 
ganic remains. Their course from the Scandinavian 
peninsula is generally from North-East to South-West. 

On approaching the mountains whence they were dis- 
lodged, we find the number of the blocks to increase 
considerably, and on crossing the Sound to Scania, they 
appear at every step, but the size of the blocks is not 
greater. The mountains of Sweden are not more bur- 
dened by loose blocks than is common to such tracts, 
but the faces of the rocks there appear furrowed and 
robbed by the drifting of heavy bodies. The Baltic Sen, 
which crosses the line of these trainees of raeks> appeals 
to have interposed no obstacle to their movement. Mince 
the heap of blocks lie in the “same direction on both 
sides of the water, and the quantities carried over are 
immense. 

Many of the granitic boulders on the coasts of York* 
shire and Norfolk are thought iti have come from the same 
Scandinavian mountains. From observations in Enjg* 
land, Dr. Bucktand inferred that the general direction 
of the diluvial currents was from the Noath-West In 
North America, Dr. Bigsby and other observers hav# ob- 
served the prevalent direction to be from th&^orth* Wert 
or North-East; the Scandinavian blocks have travelled 
also from North-East or North North-East But ib& 
waste of the Alps has gone nearly as the valleys run, it?* 
all directions ; Southward toltaly, JYestfrard to Fftttfce, 
Northward to the Rhine, and gener^ly we may be 
assured that the prevalent direction hi any Counttyb** I 
very close relation to the physical geography df lhe 
region, * * - 

The degree of attrition of the erratic blocks is varfckftA* 
and generally not so considerable as that of thk 
pebbles which compose the greater part of the 
masses, * ” ; 

From the precediiig data we it* w arranted 
eluding that smec the deposuion of all tori ^ - 

roarine stn ita which are seen . Ip our cot a 
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recks. e#» ii^prewg wa 
to sfldjt abundance, of such a»r 
Wlfeb dfctapces, in such directions, and to such 
*aJwtodCS, as to preclude the possibility of explaining the 
by the action of actual stream* lowing in 
toe ordJAary course of nature, or deviating in any possible 
ipltoneir over the surface qf the Earth, or by the bursting 

* oflahe#, however situated or circumstanced. For neither 
iftreatoft nor bursting lakes could possibly transport the 
Skap Fell granite to Fkmhorough Head, nor drive the 
sknites of Sweden into the heart of Poland 

Gravel d«* For the sake of exhibiting decided proofs of the 
powerful action of the diluvial waters, we hate insisted 
much on the transport of large blocks of recognisable 
rooks; but it must not he imagined that such blocks of 
such magnitude compose the whole or the greater part 
of the diluvial deposits. These consist, in fact, of the 
detritus and fragments of every sort of rock, and of all 
’«»zes, from the giant blocks on the Jura to the finest 
sand and sediment. The Eastern coasts of England, 
in Essex, Norfolk, and Yorkshire, are principally Occu- 
pied by diluvial cliffs of clay, witijjuterspersed pebbles 
and blocks, and irregular layers of gravel and sand. 
These deposits cover large tracts in Yorkshire, Lin- 
colnshire, Norfolk, Suffolk, Essex, &c. In the Midland 
Counties, gravel, containing in some places abundance 
of chalk flints, and in other situations pebbles from the 
Lickey Hill, is very common, and particular valleys quun- 
. tities of oolitic gravel. It is generally observable that 
the most abundant portions of the deposits may be 
traced to the neighbouring ranges of lulls, as the chalk 
of IfoldcrnesR, Faldingworth. and Huntingdon, to the 
neighbouring wolds, the sandstones of the vale of York 
to the Western moorlands, and the quartz pebbles of 
Warwickshire to the Lickey Hill, but with them gene- 
rally lie fragments from more distant sources. 

Animal po- We now proceed to inquire what was the condition 
pulation at of the land over which the diluvial currents flowed, w ith 
the time, respect to its animal population. That it was inhabited, 
and very extensively so, in many districts wasted by 
these floods, is evident from the really immense quantity 
grid variety of bones of quadrupeds lying in gravel pits, 
clay cliffs, and other diluvial accumulations, or buried in 
caverns during and previous to that period of convul- 

* mpn. m 

To mention, all the known localities for diluvial 
masses from w n idh bones of elejfhaut, rhinoceros, horse, 
ox, deer, ttfm a variety of other quadrupeds have been 
obtained, would lie to form a gazetteer of Europe, Sibe- 
# *>«*&, and tyorfti America, There is hardly a County in 
England where*sorne remains of this kind have not been 
obtained at many plates, and they are equally abundant 
Ip France, Germany, Italy, &c. 

' Exactly as at the present day the bed of a riVer en- 
velopes the shells that perish in its waters, with the bones 
ofuoimsls accidentally lodged there, so the diluvial 
flqods buried in the detritus of the land remains of the 
tojfeh touting organized creation. These remains enable 
saywhat traces of animals were living upon the 
Earth M atwi pretious to the time when these parts of it 
and if upon examination* it be 
* ware of peculiar tyjpto of can^ 
into 1 extot $1 a' oeitoto 







rials furnished by tjm 1. , 

we shall drat present toeevidencel 
gravel, clay, sand, add other uoqu 
the turbulent era alluded to; and 
results deductble from examination of cavern*, 4fcjr Sp* 
riod of the occupation of which will be 0jatoto%( 4*r 
termmed by comparing their zoological content* 
those of gravel pits, &c. 

The following are some of the animals {hat have been 
discovered in these diluvial deposits # 

Packydermata 

ElephaB pntnigenms. Rhinoceros tichorhinut, Ac . 4* 

Mustwdoo raaximua, See Tapir gig&uteus. 

Hippopotamus major. Sub fossihs. 

ChoBropotamus. * 

Sohpeda. 

Kquus foMiUa. 


Cervus euryceros, &c. 
Bos. 


Folis spelwa, Ace. 
Hyaena srtila?a, &c. 
Wolf. 


Porcupine. 

Beaver. 


Ruminantta 

Unis. 

Merypothermiu Sibexicum. 

Carnivora. 

Vulpcs speluncoram. 

Utsos cultridens. 
gpelvtia, 

Rodentia . 

Arvicula. 

Edentata . 

Mania giganteus. 


M 


Meg&lonyx. 

Megatherium, two species. 

The most striking general inference derivable from Mosilyco** 
inspection of the preceding and more extended lists, as generous 
contrasted with all the catalogues of the earlier animals, 
is ti»e almost complete identity of the jgenera with some *** 
of those which now exist. Even in the tertiary system, 
though the quadru|>edal population of Europe had 
become consideiable, and the circumstances of their 
ex'stence in several respects closely analogous to what 
obtain at present, the genera were for the most paift 
wholly different. Here they are for the most part the 
same 

The species, however, of the* zoological era Under 
consideration were mostly different from the existing 
races, some of greater magnitude others of diflerent 
proportions, all distinguishable by more or less remark* 
able peculiarities of their bony remains Yet these 'dis- 
tinction^ are often minute, and unless the question of 
the amount of possible change induced on the animal 
frame by long time and varying cireuxnstanoes coufd be 
mdte exactly appreciated, it may perhaps always admit 
of a alight doubt whether the distinctions alluded to 
be characteristic of the species of animats, or oMhe cir- 
cumstances of their existence* However, for all pur- 
poses of geological induction, the distinction* being con- 
stant are assumed to be specific. 

Among the species found in cave?, Assures, and brec- 
cia, referred to the swore era, are the flowing. 

- p 

Paakydcrmate. * M 

SJsar. '* 
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Solipeda. 
Kqtnis fustuiis. 

Rumimntia. 


€erviw euryconi!*, &c. I? os, urus, antilope. 



Carnivora. 

Fein spl»a, Jfcc. 

Wolf. 

Hywna trpclppa, &c. 

Fox. 

Polecat. 

Lnms Rpclwus. 

Weasel. 

cultrulens. 

Cslulu upelaais. 


4 

Rodent ia . 


Arvicola fosmlis media. Lagomys, &«■ 

minor. Han*, tablm. 

Rat. Beaver. 

From the general analog) between them* two IUk, 
from the prevalence in each of elephants, rhinoceros, 
hippopotamus, felis, hymmi, and bears, in Countries 
where at present not a single animal of such genera is 
known to exist, there seems every good reason to admit 
them as belonging to the same zoological ein, which M. 
OmaliuK DTLilloy has, not inconveniently, called the 
nuistozoolic era. Hut all investigations concerning 
( gravel and other diluvial deposits, prove indnhitahlv 1h.it 

this era is exactly that which ended with the diluvial 
system of deposits. We nicy, therefore, venture in the 
following investigations to class together the remains of 
mammalia found in eaves, fissures, breccia, gravel, chi), 
&c. as characteristic of a period of some duration, ter- 
minated in each district by emu inundations, and 
equally capable of furnishing evidence concerning the 
then state of the Earth. It is not meant by this arrange- 
ment to pronounce at all concerning the question vet 
very insufficiently examined, of the partial contempo- 
raneity of the paheotherian and inastozootu 1 races of 
animals in Emope. 

Lived in The first general result which we shall venture to 
Countries draw from this combined evidence is, that the animals 
bunett w© 11 w ^ ose rema * r,s u ^ ( ' found in diluvial giavel and other 
found. superficial accumulations, or in limestone caves and fis- 
sures, or in ferruginous breccia, lived near or on the 
spots where their bones are found. This important in- 
ference might he safely deduced from the ordinary cir- 
cumstances under which fossil hones are found in super- 
ficial gravel, &c., since in these cases they are little 
worn, though lying amongst fragments of rocks rounded 
to pebbles, and often remain entire, or with no other in- 
jury than that occasioned by the effects of the at mo 
uphere. Thus, the howis of a stag, scarcely in the smallest 
degree injured, have been obtained from the diluvium 
of the vale ol Pickering, the long tusks of an elephant 
from that of Holderuess and Essex. This conclusion 
miglp, perhaps with equal certainty, he rested upon the 
occasional finding of the bones of elephants and rhino 
ceros, and oilier “ antediluvian” species, in marl pits 
under gravel, in company with shells now existing in 
the neighbourhood, of which some indications occur in 
Cuvier <S celebrated Work the Ohs if mem Fnmfn, and 
a more distinat case, at Market Woighton in Yorkshire, 
has been recorded by Mr. Dikes of Hull, ami several 
members of the Yorkshire Philosophical Society. For 
in this case the bones of extinct and the shells of exist- 
ing species of animals lay pelimell together, and the 
native locality of one must inevitably be ascribed to the 
other. 

But the -case becomes certainly stronger, when we 


t ake into view the history of the caverns, fissures, an# ttotogy* 
breccia* containing bones ; for these afford us not only t ^ 
reasou to conclude that certain animals lived Sn definite 
regions at » particular era, hut display many of their habits 
of life and accidents to which the nature of the country * 
exposed them. Those who desire to follow at length 
the detailed history of caves and osseous breccia must be 
i di ned to the luminous pages of Buckland, (Religuice 
Dih/rianrr,) and that imperishable monument of genius. * 
t lie OssemtuH Fos^ifat of ('uvier. We shall here present 
a simple analssis of the hading results of their inquiries 
bearing on the subject. before us. 

Caverns and f is vires containing hones, however pre- 
served, aim of whatever kinds these are, present some 
important characters in common. 

(1.) In the first place they are, we believe, always Omiiferou* 
situated in lureMnne, veiy generally in stratified lime- 
stone, though t tn^ character is sometimes denied to the 
dolomitic limestone of the Mediterranean shores. This 
circumstance has, however, apparently no relation what- 
evei to the accident of the caves containing bones, but 
is mfrely n general fact characteristic of limestone; for 
in this kind of rock nearly all die caverns, grottoes, mid 
remarkable natural fissures in the World are situated. 

And as far as we have observed, there is no reason 
whatever m speculations on the origin of the bone ca- 
verns and fissuns to exclude those of uiuular forms in 
winch no lames omit. 

(2.) This being the case, we may remark further, 
that though in some cases the existence of the C'vem 
may be thought to he connected with dislocations of the 
strata, as at (ireenhow Hill in Yoikshue, vet tins is 
rather the tare exception than the genend rule. The 
carboniferous limestone is full of caverns, yet not mure 
so where mimoinus slips and veins divide it than m 
other places. Veins of lead ore Iraidh ever lead to 
these caverns, and it is :i mattei of geueial n mark, that 
though th^ strata may he disturbed near them, the* dis- 
turbance has little to do with the caverns. 

(3 ) Most caverns, whatever bt *Iie character of their 
floor, assume at intervals along their length, the appear- 
ances of a great lissuir in the locks, Thu circumstance 
must have been often obseivyd In those familiar w it h 
the eaves of Somersetshire, Dei by *■ lure, and Yoikslurc, 
and is recognised even m that least lav durable example. 

Kirkdale Cave, which in its nearly level course keeps 
its floor nearly on one particular bed of the rock, but 
occasionally opens upwards into narrow irr^tdar expan- 
sions or fissmes. The fissures filled with inecem may, 
in fad, he often regarded as exposed caves, and resemble 
them m all essential circumstances. * * 

(4) Very few oi these cavities in tiu» roots are 
tirely (fee on llieir sides and root 1 from remarkable de- 
pression^ and cavities, like those produ&tal on limestone 
by cuneuts of water, or the slow consuming agency of 
the atmosphere. Many of them which now convey 
water, and are not incrusted with slulugrnite, as the Peak 
Cavern m Derbyshire, show this sort of watery erosion 
h> strongly as to impress most beholders with a eonvic- # 

lion that tlie whole was excavated by the running stream. 

(5.) Several writers, in particular Brtmgniart, have 
•uttemylcd to show that mere water hfas no effect in 
eroding rocks. This may, perhaps, be true of the oxide 
of hydrogen % but is certainly riot a correct account of * 
the effect of aMnywi water, mid particularly of wader 
containing carbonic acid, und traversing limestone rocka* 

The innumerable petrifying aprings of timeatone Codtr 
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the inaccuracy of this reaeon- 
fV, ingi The very rail) from the heavens eats away these 
stones rapidly. The springs which issue from limestone 
generally contain carbonate of lime, and most of them 
yield a large quantity of free carbonic acid upon ex- 
posure to the uir* 

I low form* (6.) Those accustomed to underground work* know 
I'd* it as a familiar fact, that the water which is absorbed by 

dry limestone land, takes particular channels through 
the rocks, down the joints, and along certain figures. 
Every limestone hill in the carboniferous district of the 
North of England, shows in its swallows and vioor pif* 
the erosive power of the atmospheric water. We shall, 
therefore, venture from all these considerations Jp main- 
tain (he enlargement or excavation of these caverns to be 
principally owing to the subterranean passage of water 
charged with carbonic acid, the direction of ibis water, 
and its power of erosion, being favoured by fissures and 
other muses If the altered drainage and other cir- 
cumstances of a. country so far change the eomse of the 
water as to leave these subterranean channels almost 
drv, the small quantity of moisture continuing to arrive, 
ma\ slow ly deposit stalagmite over the surfaces (ormeilv 
eroded, and the cave change its appea ranee altogether. 
An accidental inrush of water from wmlhei* source may 
deposit mud oi pebbles, and this be also covered up by 
mint her layer of ^‘alngmde. 

It is no great nbg<(ion to this view, that the cavities 
are sometimes exceedingly irregular, for water in its 
subterranean course must follow the original cracks of 
the rocks. Indeed, upon a review of this matter, that 
very irregularity may perhaps be thought an argument 
in favour of die mode of oiurin here suggested. 

'flic most remarkable ossiferous caverns in Engl and 
are Knkdale Cave near Kirby Momside in Yorkshire, 
the .Dream cavern near Wirksw orth m Derbyshire, nan- 
well Cave in the Mendip 1 1 ills, Kent’s Hole near Torquay, 
Orostun near Plymouth, and Bavdand near Swansea; 

»u (iermany, the, slojies of tin* Harz mountains give ns 
the caves of Bniiiinfim, v of Biel. and of Schwarzleld Be- 
tween the liar/ and Fianooma is the Bear Cavern ol 
tilneksbrumi ; the Jura toimatmn near llaireuth is cele- 
brated for the rich associated caverns of ( Jailenreulh, 
Scii&Miesteiu, Brunnenstem *11 ole berg, Wiescrloeh, (iei^s- 
loch. Wunderhohle, Rabeiistein, Kuhloeh, Zalmloch, 
*Schnenlerloch, *Ttewig, &c. In Westphalia the same 
oolitic formation has the caves of Kluterhohle, and 
Sundwich. The jCiwcb of Adelsbog-g in Caritiola and the 
Dragons* ( Vcs in Hungary have also yielded bones. 

In France, mshueteii by Dr Buckland’s researches, jwo 
* caserns, rich with bones, have been described by M, 
‘Thirriu near Yesoul, and several others near Montpel- 
lier Sm\ Nurbomie by parcel de Serres, Tournal, Christol, 
&t\ and one near JVlirenfont by M. de la None. 

Osseous breccia appears singularly connected nidi the 
coasts of theJMedUermiearn It occurs at (iibndiar, in 
Languedoc, and at several other points in the South of 
France, at Antibes, Nice, Pisa, Cape Pnlmums, North 
m of Bttstitt* (Corsica,) Cagliari, (Sardinia,) Maridolce, 
(Sicily.) in Dalmatia, Aragon, &r. Ferruginous breccia, 
in which bones jure associated with pisolitic iron ore, oc- 
curs in Wurtcmberg, and iuCarniola in Jura limestone. 

How fitted In some of these caves by terms lived and dragged 
"itlabon*. them for food the bones of other animals existing 
in the vicinity ; Wars died in others ; some were filled 
by the accidental falliug in of browsing quadrupeds, and 
others heaped with a mixture of bones, mud, and peb- 
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hies, brought by general qr local floods on the surface. Geology* 
We shall give an abstract of the characteristic facts Ch.lF 
uttending each of these cases. m s 

Kirkdale Cave is one of the most remarkable instances 
of ossiferous cuvities known in England, both from the 
number of species aud abundance of the bones of qua- 
drupeds found there, their state of conservation, and 
other attendant circumstances. The entrance of this 
cave is mi the side of a narrow valley 30 feet above the 
stream in a nearly level and perfectly undisturbed bed 
«>f coralline oolite. It laid a sort of vestibule, much 
larger than the interior windings of the cave, and 
in this, according to IVIr. Saltnoud, lay a Considerable 
proportion of the large bones of elephant, rhinoceros* 

&T. Beyond this was a step in the floor of the thick- 
ness of one bed of limestone, leading to the interior 
i cresses, which follow' an irregular line, occasionally * 
rising to the height of 14 fee t, but generally under 4 
feet, and about the same bieudih, but liable to contrae- * 
lions in both their measures The floor was generally 
overspread and its inequalities filled up by a layer 
of mud, of ealcareo-aigillaceous substance, such as 
might lie supposed derivable fioni the joints and part- 
ings of the limestone. In some places tin* mud was 
more coarse and sandy. Stalagmite m considerable 
quantity had dripped from the root, memsted the sides, 
and ‘covered like a sheet the layer of mud rising upon 
its surface into mamillary tubercles. 

In the mud, and pioti tiding occasionally through its 
stukigmitic coyoting, lay the bones of six or seven car- 
mvora, hyaena, tiger, or lion, bear, wolf, tox, aud weasel ; 
three pachydvt matrix nz. elephant, rhinoceros, hippopo- 
tamus, the horse ; four rutninanlui, ox, aud three kinds 
of deer; four rodent ia , hare, rabbit, water rat, mouse ; 
beside five birds, raven, pigeon, lark, duck, aud a bird 
of the size of a thrush. 

The bones were scattered over this long area, “ as 
oxer a dog kennel/* almost universally broken to pieces, 
not as if by common fracture, but by violent biting and 
gnawing: marks of teeth a?e discernible on many, exactly 
like those left by living hymnas on sinhlur bones sub- 
mitted to their jaws. If y sunns’ teeth m great numbers, of 
all ages, milk teeth, shed teeth, and worn to stumps in 
the jaws of the annual, abounded in the cave, besides a 
eonsideiable quantity of osseous fecal matter, like that 
of I he modern hyicna. From these data, most of which 
may be verified <>n the numerous specimens extracted 
from i he cave, Dr. Btiekland infers, that hyaenas were 
lor a long period the undisputed tenant* of this den, 
lived in it lor many generations, dragged into it for 
food, piecemeal, the bodies of animals then living injhe 
neighbourhood, and were finally dispossessed of their 
hold by an irruption of water which let fall the muddy 
<ed uncut now enveloping the bones. The ordinary 
action of the water passing through the calcareous fuck 
then covered the whole with stalagmite, and closed up 
the bones from the destructive agency of moisture and 
air. This accounts for the conservation of their gela- 
tine. Few conclusions of this precise natme appear 
better supported by the facts of the case, and when wc 
reflect on the remarkable analogy, in almost all jjointa 
concerning the state and conservation of the bones, oi 
the cavern at Torquay culled Kent’s Hole, and contrast 
these particulars of the hymtut dais wftli those of the 
ox c avns in Meudip, we shall feel a lull conviction that 
Dr. Buckland’s hold theory is a true interpretation of 
Nature, 



Geology. cavesof Franconia appeared to Dr* Btickland to 

€h.£f. have been tenanted by bears which died in the retired 
parts, and were there mixed more or les*« with sedi- 
ment and pebbles brought by subsequent diluvial floods, 
and the whole covered over by a atalagmi Lie crust formed 
Cave of in the usuul way. The cavern.of Gailenreuth is perhaps 
KuhLoch* tJ 1( » most magnificent example of this doctrine ; but 
that at Kuhloch presents some peculiarities of a very 
interesting kind. “ It is literally true that, in this 
single cavern (the size and proportions of which are 
nearly equal to the interior of a large church) there are 
hundreds of cart-loads of black animal dust entirely 
covering tfyc whole floor, to a depth which must ave- 
rage at least six feet, and which, if we multiply tins 
depth by the length and breadth of the cavern, will be 
found to exceed 5000 cubic feet. The whole of this 
* mass has been again and again dug over in search of 
teeth and bones which it still contains abundantly, 

' though in broken fragments. The state of these is very 
different from that of the bones we find in any other 
caverns, being of a black or more properly speaking 
dark umber colour throughout, and many of them rear 
dilv crumbling under the finger into a soft Hark powder 
resembling mummy powder, and being of the same 
nature with the black earth in which they arc imbedded. 

* “ The quantity of animal earth accumulated on this 

floor/* continues Dr. Dockland, 41 is the most surprising 
and the only thing of the kind I ever witnessed ; and 
many hundred, I may say thousand individuals must 
have contributed their remains to make up this appalling 
mass of death. It seems in great part to be derived 
from comminuted and pulverized bones ; for the fleshy 
* parts of animals produce by decomposition so small a 
quantity of permanent earthy residuum, that we must 
seek for the origin of this mass principally in decayed 
bones. The cave is so dry that the black earth lies in 
the state of loose powder and rises in dust under the 
teet : it also retains so large a proportion o< its original 
animal matter, that it i* occasionally used by the pea- 
sants as an enriching manure for the adjacent mea- 
dows.’* This 'ca\e is entered by a lolly arch, above 
the river Erhach, expands within both in height and 
breadth, and terminates in two chambers closed at the end. 
No fissures enter this cave, and it has no other exit than 
the entrance above named, except a very small passage 
to the same valley. These circumstances are consi- 
dered by Dr. Hucklaud to explain the absence of dilu- 
vial accumulations in this cave. There is no appear- 
ance of cither stalagmite or stalactite having ever existed 
in this cavern. * f 

Mrmlip ' r l)r. Rockland's views concerning the ancient occu- 
uiTea. pation of hyamas and bears of the caves of Ktrkdale ami 

, Franconia, derive much elucidation from the disco- 

veries of other caverns in viliich the animal remains 
fiplwar to have been accumulated in a different manner. 

*„ We chall mention those of Hutton in the Mcndip 'Hills, 
and of Ouston near Plymouth; the former disclosed 
by ochre works, the latter by quarrying for limestone, 
* The ochre of Mendip Hills appears, in some cases, to be 

derived from the decomposed strata of the vicinity, and 
• deposited in caves and fissures of the limestone, either 
^ by water continually passing downwards by filtration, 

or by some more transient and violeut operation. In 
pursuing one 6f these mines ot ochre near the village of 
Hutton, bones of many animals were discovered, and 
the circumstances were examined by the Rev. Mr. 
Cutcott, from whffta manuscript Mr, Conybeare has 


drawn up a clear account of this remarkable occurrence* Won, 
The elevation of the ochre pit was 800 to 400 feet above Ck. U, 
the sea. *' The ochre was pursued through fissures i» 
tbe limestone occasionally expanding into large cavern- 
ous chambers, their range being in a steep descant and 
almost perpendicular. In opening the pits the work** 
men. after removing 18 inches of vegetable mould and 
4 feet of rubbly ochre, came to a fissure in the lime- 
stone rock, about 18 inchVs broad aikd 4 feet long. 

This was filled with good ocfltre, but contained no 
bones : it continued to the depth of 8 yards, and 
then opened into a cavern about 20 feet square and 
4 high ; the floor of this cave consisted of good ochre, 
strewed on the* surface of which were multitudes of 
white bones, which were also found dispersed through 
the interior of the ochreous mass. In the centre 
of tins chamber a large stalagmite was suspended from 
the roof, ami beneath a similar mass rose from 
the floor almost touching it ; in one of the side wells 
was un opening about 3 feet square, which conducted* 
through a passage 18 yards in length, to a second 
cavern 10 yards in length and 5 in breadth, both the 
passage and cavern being filled with ochre and bones. 

Another pussage,*«iboul (i feet square, branched off 
laterally from tins chamber about 4 yards below *its en- 
trance ; this continued nearly on the same level for 
Is yards; it was filled by rvbbly ochre, fragment* of 
limestone, and had ore confusedly mixed together; 
many large bones occurring in the mass, aiming which 
four magnificent teeth of an elephant were found. In 
the second chamber, immediately beyond the entrance 
of the branch just described, there appeared « large deep 
ojKMiing, tending perpendicularly downwards, filled with 
the same congeries of rubble, ochre, bones, &v : this was 
cleared to the depth of 5 yards; tins point being the 
deepest part of the workings was estimated at about 36 
yards beneath the surface of the lull. 1 ’ (Rrlftj. DUtiP.) 

The bones found in Hutton Hole belong to elephant, 
rhinoceros, ox, horse, deer, hyiruu, iyar, a nearly com- 
plete skeleton of a fox, hog, ami some gnawing animal. 

Three deposits of bones at Oreston, near Plymouth, Owhfi'ii 
have been detected by Mr. Whidhy during the removal 
of the entire mass of a h.il of transition limestone for 
the construction of the II rcfilv water. The first deposit 
(1817) lay in a cavern 15 feet wide, 12 high, and 45 
long, and about 4 feet ubove high-wdler mark. This 
cavern was filled with solid clay, in * which teeth and 
bones of rhinoceros # we re embedded. The second dis- 
covery (1820) was of a smaller cavern,, distant 120 
yards from the former, one foot high, 1 8 wide, and 20 
Long, and 8 feet above high-water mark. Hut Jdie • 
greatest extent of subterranean cavities win, exposed in' 

1822, by the intersection of apertures in the middle of 
the limestone, containing an immense deposit of bones 
and teeth imbedded in clay. Dr. Rockland describes in 
a very graphic manner the irregular branching or insu- 
lated fissures and caverns w hich were at tins time laid 
open in un artificial cliff 90 feet high, their various di- 
rection, loamy coutents, and relation to similar cavities 
not containing bones in the neighbouring limestone * 
cliffs. He remarks that the fissures an$l caverns are so 
connected, so often confluent and iucwculating with each 
othei , and so identical in their contents, that there ap* 
pears to be no difference as to the time and manner Jin 
which they were filled. In many of those which a re 
nearly verticil, foe communication is obvious, hut those 
which pass obliquely, and consequently seldom \k in 
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Utfotoufy. thfe plan* o( the clttiP, may appear to close upwards.* To 
Ch. XI. utmost all the cavities there occurs a deposit of mud arid 
sand, and angular fragments of limestone ; these sub* 
fauces sometimes entirely fill up the lower chambers, 
and are lodged lit various proportions on the shelves and 
ledges ami in lateral hollows of the middle and upper 
regions. Tn one large vault it is sorted into lamina* ; 
sometimes it is intcrsperseij with extraneous fragments 
of quartz and cloy slaje ; stalagmite sometimes invests 
it; in some few spots were balls of iron-stone,. and con- 
cretions of ochre formed in the clay ; in others was a 
considerable quantity of manganese ore, sometimes in 
concentrically coated balls. The bong* collected in the 
Orestott caverns and fissures belong to hya*n<t, tiger, 
wolf* fox, horse, fix, deer. Tiic bones of the horse pre- 
dominated ; those of ox and cleer were also abundant. 

We may admit, without hesitation, that these caverns 
and fissures ut Oreston were filled with this mingled mass 
of earthy, stony, bony, and metallic matters, by aqueous 
action ; and there seems no good reason to doubt that 
partly in this manner, and partly by the accidental fall- 
ing of quadrupeds into open fissrtres of the limestone, 
many other caves in Soinct set shire, Derbyshire, Ac. 
have been stored with their animal itflnaius 
feswus From such cavernous fissures, tilled with mingled 

rTf 1 f fragmentary masses, as those ol Ore >!ou, there is hardly a 
"iunciin bte P to, l ,€ * fissures or caves containing ossiferous breccia 
at ho many points around the Mediterranean »Sea. Al- 
most every limestone rock, whetever its interior struc- 
ture can be seen cm the sea eou&t, in ravines, in mines, is 
found to be traversed by ft*- Mires and excavated in caverns: 
it was therefore to be expected that such should be ex- 
posed in abundance in the calcareous precipices uf the 
Northern shore of the Mediterranean. Hut it is very 
remarkable that they should be in those regions so ge- 
nerally productive of bones; that these should so gene- 
rally be found in a reddish-coloured loamy breccia, holding 
fragments of the neighbouring rock, helices, and other 
spoils of the land * and that no murine production what- 
ever should be fbuncf mingled with the mass, though, ns 
at Santo C'no, near Palermo, (ffetifopiraf Prortuduipa, 
JS38,) there be proofs of the mnrme submersion of the 
actual cave, before the introduction of the bony breccia. 
There is clearly no neees^aiy relation between the ex- 
istence of these ossiferous unifies and the pioximity of 
the sea ; in manv < uses their cxpOMitc may be owing to 
the waste of tlu^iast, but in others it must he mainly 
ascribed to the ctrfivnlMVC elcvatim? ol the land at some 
ancient period. ,ln all cases the production of caverns 
and fissures in the rocks is the work of causes acting 
* during periods dong anterior to those when the animal 
remains wefo introduced. Thousands of cavities have 
been produced in the rocks, mid filled with mineral 
treasures, and buritd beneath vast dtplhsof consolidated 
strata, of very high antiquity ; such of them as west* by 
any causes exposed at the surface, have been filled with 
clay* or heaped with fragments of rock, and in the great 
majority of instances lined with calcareous spur, and in 
Countries which were then inhabited by quadmpeds 
some have been partly filled by lames. The Geological 
era, when the Utter occurrence happened* is rendered 
definite only by a rigid anatomical examination of the 
bones ; and by this Cuvier hjpt taught us that we fimy 
• confidently refer the great majority of the quadrupedal 
remains, whether found in gravel on Muj surface, in the 
mud, gravel, breccia, or stalagmite, or on the naked 
floor of aubteifraneati taverns, to one zoological period. 
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In general* the moot abundant remains in the ossiferous Gaotoay. . 
breccia of the M editfirranean shores belong to the orders I r * 

ruminant ia and rodentia ; bones of arsine, feline, ami '****/~*» / 
canine animals, as wetl as those of hippopotamus and 
elephant* are rare. This is exactly what should hap- 
pen upon the supposition that tile bones in the 
fissures were derived chiefly from animals which fell 
into them, tor these naturally should consist principally 
of herbivorous tribes. The presence of land shells* of 
fragments of the neighbouring rocks, the abundant in- 
terlacement of stalagmitical carbonate of lime, tends ex* 
acily to the same conclusion ; and even the redness of 
the breccia of Gibraltar, Cette, 8te., is probably owing (P 
the ferruginous nature of the neighbouring rocks. The 
influence of local causes is thus clearly indicated, and in 
the opinion of Cuvier, these have operated through cpn- «• 
siderablc periods, so that the bones and fragments of 
rocks fell successively into the cavity, and the calcareous # 
cement was gradually accumulated. If, in addition, we 
suppose, with Dr. Hiickluud, that these same cavities 
have since undergone the action of moving water, which 
might drift in heaps the fragmented bones and stones, 
and mix with them loam and occasionally pebbles, all 
the phenomena seem naturally explained, and the theory 
of the ossiferous breccia becomes connected with that of 
the proper cavern deposits. For particulars respecting* 
the ossilerotis breccia of Gibiallar* Otic, Antibes* Nice, 

Pisa, C ape Puhnurus, Coisica. Sardinia, Sicily, Dalma- 
tia, Ccrigo* Aragon, and the Veronese, we must refer 
to Cuviers admit able Osst'mewt Fossiles, tom. iv. 

As iroin the fads previously related, no doubt what- Climate of 
ever can remain ih.it m the “diluvial” period, and theJSiurth- 
for a long time previous, there existed in Europe ele- ? rn *W m * * 
phau. , rhinoa ros. hippopotamus, lions, and hyaenas, be- 
sides bears, the glutton, wolves, foxes, the horse, oxen, ’ UJIU 
the urns, deer, beavers, hares, rabbits, water-rats, &c.> 
we are presented with u problem of considerable inter- 
est relating to the slate of the climate at that period. 

The most abundant, perhaps, and most generally diffused 
of all these remains arc those of the. elephant and 
rhinoceros; though m particular cases, boars or hyaenas 
fill whole caves, and the horse, ox, and urns are very 
plentiful in gravel and marl. So many animal remains 
of genera now exclusively confined to hot climates, have 
induced manv Geologists to conclude that the Northern 
regions of the (Globe were at that tune much hotter, and 
that their total extinction was occasioned by a sudden 
refrigeration of the climate. On the other ham), the 
glutton, the unis, wolves, foxes, hears, ihorses, and large 
horned deer, and beavers, appear as characteristic oi 
cold or temperate climates, ami furnish arguments ft>r 
the doctrine that the animals resembling those now living 
in tropical legions, were fitted by Some peculiarity ot 
constitution to support the rigours of the Northern 7 «o#e. 

These statements are so equally balanced, and the au- . 
thors who support them so respectable, that no impar- 
tial inquirer can pronounce between them without fur- 
ther evidence. This evidence must be of u particular 
kind. It will be of little use to add to the number of 
animals on either list; and as the $/*mVs arc different 
from those now in existence, the relative power of adap- 
tation to climate of their several living analogues will 
not lie sufficient to settle the point. We. must find the 
remains of some of these animals, in such condition* or 
accompanied by such collateral circumstances, as to cha- 
racterise the climate independently of the generic rela- 
tions of the Animals. 
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Geolojgr. Two easea coming within these conditions are known 
^ h * **• to 'Geologists, of so distinct a kind, and leading so po- 
aitively to the same conclusion, as to leave little room 
oiUin"*al> 'fcr further discussion. The first is the instance of an 
ject. elephant, of the same species precisely as that usual in 

diluvial accumulations, being found in 1804, enclosed in 
solid ice, nt the mouth of the Lena, where that Siberian 
river flows into the Arctic Sea. It was a perfect animal, 
with tusks in the jaws, and had evidently been entdmbed 
in its icy sepulchre immediately after death, for the flesh 
of its huge body was not decayed, hut actually furnished 
a feast to 'the wolves and bears of the coast ; the skin 
ramnined eiftire, and its whole surface was covered with 
hair of two kinds, one shorter and finer near the body, 
the other coarse and bristly, and even sixteen inches 
* long. It is to be regretted that the difficult circum- 
stances of the country did not permit Mr. Adams to 
♦ examine minutely the anatomy of this specimen, thug 
wonderfully preserved through the fluctuations of ages; 
but the skeleton, mounted at St. Petersburg, furnishes 
sufficient characters to prove its perfect agreement with 
the fossil, and its distinctness from either of the living 
elephants. Here thou is u plain proof that the fossil 
elephant was fitted, by an appropriate clothing, to with- 
stand the occasional cold of a high Northern latitude, 
not perhaps to exist on the shores of die icy sea, but to 
inhabit about the sources of the Siberian livers, and 
over the whole extent of Europe and a part .v North 
America. The North coast of America, as well as that 
of Siberia, encloses abundance of the remains of these 
elephants in cliffs of frozen mud. (('apt Heechey,) 

# The conclusion from this fact is rendeted still more 
decisive by the discovery, in 1770. of the fossil rhinoceros 
tichorhinus, under the same extiaordinary circumstances 
of preservation of flesh, on the banks of the Wiluji, 
which falls into the Lena below Jaknufgk, and its body 
was likewise covered with hair 

Dr. Buckland’s conclusion of some remarkable cata- 
strophe and sudden refrigeration of the Siberian re- 
gions and the landers of North America, near Behring's 
Straits, seems to offer a reasonable explanation of the 
extraordinary preservation ot these remains, which be- 
sides may have been drifted from their original scats 
Northwards. 

The second ease is the discovery together in the same 
marl pit, connected with gravel deposits, near Market 
YVeightou, in Yoik^huc, ot the remains ot elephant, 
rhinoceros, lion, wolf, horse, urns, ox, deer, <S t\, species 
all or nearly u! 1 extinct, with thirteen species o( land, 
marsh, and fresh* water shells now living m the neigh- 
iKUirhood. Now as haidly any animals are more 
remarkably limited in climate, and restrained by local 
circumstances, than the molluscous tribes of the land and 
fresh wateis, as the number of the species here discovered 
■ is considerable, and their identity altogether certain, 
without a single extraneous species, it is a safe con- 
clusion, that the climate m which they lived was that 
which England and the mitral parts of Europe now 
enjoy; for such nmllusca become mixed witii other 
• races on approaching the Mediterranean, and many of 
them cease to exist in the colder latitudes of Northern 
Europe. The same conclusions result from the examina- 
tions of that remarkable deposit called * 4 Loess,* in the 
valley of the Rhine, w here the ext i dot elephants * and 
rhinocettto lie with many existing land shells. (Horner.) 

‘ Hence we conclude, with confidence, that the antedilu- 
vian climate of the 'Northern jterts of the Globe was 


nearly the same that it is at present ; and it is no great CteoW 
objection to this view, that the banks of the Frozen Sea Oh. II. 
will not now feed an elephant, because, in the first place, ^v*^ 
it is not yet proved that the elephants were not drifted 
by the long Siberian rivers to their frozen mouthy: 
and secondly, our conclusion is for a temperate or cold, 
not frigid climate, as distinguished from the torrid 
climate, to which some Geologists would unmercifully 
subject these animals in their warm Winter dress. 

Nearly all the propositions that we have endeavoured 
to establish concerning the important subject of diluvial 
accumulations will be admitted by theorists of every 
order. That the Earth has been covered over a large Other p I0 - 
extent, synce the completion of nearly its whole apparent kEms. 
senes of successive marine formation*, by tumultuous 
floods of water, powerful enough to dislodge and traris* 
port, hundreds of miles from their native sites, huge 
blocks and fragments of rocks, and to destroy the races 
of animals then living in those Countries, and to pro- 
duce considerable changes in Physical Geography, is a 
fundamental doctrine of modern Geology. But. questions 
of considerable difficulty, which might, perhaps have been 
postponed to a later period of the investigation, if the 
Science had been permitted tofollow its own secure course 
of observation and induction, are forced upon our atten- 
tion by the anticipations of theory, and the premature 
anxiety felt, even by writers on Geology, to establish paral- 
lels of time between the Geological datum of the destruc- 
tion of certain laud-animals ami the Nuuchiati Deluge. 

We have shown that these diluvial floods were very 
extensive, but we are required to answer further whether 
they were vniversal. \V e have proved them to nave 
belonged toil certain limited zoological era *, but we are 
a:A«*d, were they simultaneous ovei the globe ? We have 
admitted that they have effected changes m the physical 
features of the Earth’s surface, but we aie called upon 
to state whether valleys were excavated by their agency. 

This in the place to discuss the two former question#; 
tlie latter, though often mixed up wnh the others, will 
admit of clearer solution by first examining the action ot 
existing causes m modifying the surface of the Earth. 

The doctrine of the a nil * rsa/ity of the diluvial cur- Kxtont </f 
rents, was adopted by Geologists, accoiding to their jiIupu- 
interpretation ot the connection between Geology and nLU ’ ,m 
the Hebrew Scriptures, long beloie they had acquired 
the power ot clearly tracing the effects of such current# 
across their own hills and valleys ;** and after Mr, 

Smith laid fixed some of the leading's Imrnctm of the 
diluvial detritus in England, they were lustily, by an- 
ticipation, applied even to Countries never visited by 
any observer. Subsequent researches li^ve to a certain • 
extent justified this boldness; and the diucoverieiT of 
Buckbmd und Cuvier, by fixing zoological duuWcters 
for the diluvial periods, have* humanized the result# 
into ,«i system. But it is unsafe at. present lo venture 
such a doctrine as the universality of the diluvial cur- 
rents, even upon the admission that their powerful 
traces are recognised over nearly the whole Northern 
hemisphere. If, indeed, it should eventually be proved, 
that diluvial cm rents have constantly followed upon Jfie 
elevation of large tracts of land atone \he sea, their uni- 
versality might lie safely inferred, since nothing can be 
mod? clear than the former submersion of nil our conti- 
nents. But this would hot satisfy all the condition^ of 
the problem ; n« iir diluvial gravel and cavern# so cjofted 
there would* be ‘’no reason to expect the bond# of tend- 
animate, and it is a matter of notoriety that the elevation 
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Oeotogy. of land above the sea* instead of being* confined to the 
Ah* “■ J imurtozootic era, has proceeded at intervals through the 
whole Geological period. 

It musty indeed, be owned that many mountain ranges 
•wew uplifted at the periods alluded to. but we dare not 
so far deviate from the method of observation and in- 
duction which has raised Geology to its elevated rank 
among the Sciences, as t<^ assume. universal inundations 
of the Globe, to folVw confessedly partial disturbances 
of the bed of the Ocean. On this, as on many other 
questions, we must appeal to further observation, 
of The doctrine of simultaneity of diluvial currents over 
tm- iuiuvi.il the Globe, was introduced by the same desire to ncco»n- 
jM-.iful. modlke Geological theory to the* ordinary interpretation 
of the Mosaic fecord, and involves considerations of great 
difficult). To determine whether diluvial phenomena 
sire traceable over a greater or less extent of the surface 
of the Earth is the work of observation. To settle the 
date ot these phenomena with reference to one another 
L a very nice and difficult subject of analysis and in- 
ference. Even if it were the fact that the diluvial dc- 
futus in different Countries was scattered by the devious 
c urrents of one simultaneous inundation, d is doubtful 
w bethel satisfactory Geological evidence could be col- 
lected to prove this. No single deluge of such \ast ex- 
t « lit has been dm'difed b\ investigations of the pheno- 
mena <>! earlier date : we see no agencies, either cos- 
une.d or rmestiud, likely to oee.ision ir now; it cannot, 
thercfoie, be awunmU ns a natural phenomenon, with- 
out violation of the ruio of Jffiilosophv. 

Hut though. stiictk speaking, the (piestiori of the 
'VnuUiincit v of the diluvial catastrophes m ditrerent 
regions is madmi'-sible »n the present stale of our 
know ledge, we innv modify the iuqmrv so as to bmig 
it within lie* scope of examinatmu Let us inquire if 
the diluvial phenomena of all ( outlines in winch they 
have been observed, have so much of a common character 
as to pent to the same bud of raiisc. so much of a 
common ebret lion as to be assignable to causes having 
the same tucaf « r and are aicompamed hv such 

collateral circumstance* as to Ik* bunted within art ax- 
si i* liable pvt tod ><f time. The I’nM point is abeadv an- 
swered in Inc affirmative J»\ all the preceding observa- 
tions; on the stsond point, we ma\ observe that a con- 
siderable number of ohserv ahons mrbeate a pievalent 
* direction of currents limn the North, but mans otheis 
appear to rctei* i^ie local oiigm o! the eonents to the 
'neighbouring idnijutains. The Wind part of the impmy 
has also bweti met in part by the hisioiv ot the animal 
remains in I he diluvial and antedihmai deposits ; for 
• ttyse dearly belong m a hmiicd zoological period, and 
m as this period appears to have been terminated in eaeh 
disteict by the diluv ial / aUisimphes, we toe justified in be- 
lieving that the timeduTuig winch the e turbulent walejs 
flowed was comparatively slant. To the same conclusion 
we must necessarily arrive, from u comparison of the di- 
luvial disturbances with those of older Geological periods. 

But short as this peiiod was, we arc aide to divide its 
characteristic phenomena into successive singes. There 
8 sye lew purts of England, win. re the diluvial masses do 

not consist of^more than one kind ot deposit, derived 
from a current in one direction. On the coast of York- 
shire the general base of the whole diluvium is t? thick 
* *maf «5 of Clay, with heaps of fragments of rocks derived 
mmt Cumbria and Nortji-Weaterir Yorkshire scattered 
through it. In some * places this ftsts upon water- 
umved chalk and flints; in others it is surmounted by 
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beds of gravel an^ sand* whieli ate themselves near Gcplogy. 
Bridlington, covered by thick layers of chalk and 
flints from the neighbouring wolds. But' we must '** m v l * m ** 
be careful not to infer from this and similar facts more 
than they will bear. The lapse of time is here proved, 
but as no deposit intervenes implying that the time 
was considerable, as the lower diluvium is not water- 
furrowed to admit the upper, as the same characteristic 
animal remains are found in several portions of the de- 
posit, it is possible that all these successive diluvial masses 
might be brought by the varying impetus of one continu- 
ous or intermitting general convulsion. De Beaumont, 
from his admirable survey of the Alps, inters with gareat 
probability that the diluvium around these mountains 
belongs to two distinct periods, and was occasioned by 
<w r o separate convulsions affecting the Alps. By the* 
former convulsion, which elevated the Western Alps 
from Dauphin ' to Mont Blanc, prodigious quantities of 
debris rolled off to the West, and by the second convul- 
sion, which elevated the Eastern Alps from Mont Blanc 
to Vienna, the old diluvium was dislocated, and floods 
were occasioned, which transported a great quantity of 
materials over the detritus of the former period. Here, 
also, we must be cautious m the inference. That $omv 
interval* happened amidst the diluvial disturbances, that 
t!}e diluvium is of unuptut antiquity is clearly proved ; 
but nothing has vet been established contrary to the 
genet cl view of this subject, which we have before sug- 
gested, viz that the diluvial phenomena were produced 
during a comparatively shall period of convulsion of 
the bud, and consequent agitation of the sea, ensuing 
upon the cninpleinm of all. or neatly all the marine # 
strata, now apparent above the sea, and subsequent to the 
hii* nation ot at least the Hatter regions of the Earth hv 
various races oi quadruped'- now extinct. This is all that 
can be salely asserted in the present state of Geology. 

In all the periods of time vvhuh elapsed during the t^oiogicnl 
formation ot the stratified links, tbeie is no evidence monum&iU 
that Man was a dwellei on this Globe. Not in the ot the exvst- 
most leceut of the teitiarv strata, neither m the littoral ot 
nor in the lacuslniie deposits oi that, period, have any 
traces i»l Man 01 Ins works been perceived This ought 
in no degree to -m prise us. tor all the animals and 
plants ot lIuO ami ember periods wove parti of an car- 
far system ot organized nature. But u appears some- 
tlnng oxtrani dmarv that bones of men and vestiges oi 
human art should have been so rarok found m anv of 
the ascertained deposits oi the diluvial era, except under 
dubious or explanatory circumstance^, since at that time 
the earth had assumed its present U>mi and appearaucc, 
and was inhabited by races of qundmprds which, if lint 
specifically the same, weie, lor the most part, closelv 
analogous to those which now five; in particular, the 
horse and domestic cattle, animals so singularly, ser- 
viceable to and dependent on Alan, existed in great, 
plenty in the Northern zones, and, therefore, the present 
xysttin of organized nature, ot which Man is the head, 
may be said to have cwaminenccd. 

That, the bones of men are as durable as tfiosc of 
quadrupeds, is established by comparisons made on * 
fields of buttle, and, therefore, it he lived with the maw- 
lozoolic quadrupeds, his remains should, under some 
circumstances or other, be found mixed with theirs. 

Dragged into U den by t he prowling hynwa. or acci- 
dentally lost in a fissure, or overwhelmed by* waves and 
buried in diluvium, we should frequently meet with the • 
bones of our ancestors. Old writers, who saw in every 
1 \ 
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thing only the traces of a general delude, arc full of 
€h. II discoveries of the bones of mm ; but modern anatomy 
Jhias assigned them to their true analogies, the elephant , 
salamander, and saurian. In modern times a few 
examples of bones of men, found under circumstances 
arguing great antiquity, have been recorded. Upon 
strict examination it appears that in most cases these re- 
mains belong to a later epoch than the diluvial convul- 
sions : the petrified bodies of the coast ofGuudaloupe wre 
enveloped in comparatively recent accretions ; the human 
remains of the valley of the Elster, near Leipzig, appear 
to have beefl inhumed since the general dispersion of 
diluvium ; the woman found in Paviland cave was of an 
early British era. The only cases remaining for further 
examination are some caves in the South of France, 
“where the remains of Man and rude pottery arc found 
mixed, with a quantity of bones belonging to extinct 
species of animals of the mastozootic era ; superficial 
deposits in Baden and in Austria, where remains of men 
with depressed skulls (as if occasioned by unnatural 
bandages) are found ; and the remarkable notices by 
M. Bo ue of mingled human and animal remains in the 
• breccia of Tv! ice and Dalmatia. 

In South Without stopping to discuss the yet imperfect evidence 
oi fi ance- concerning the antiquity of these remains in the breccia 
and superficial accumulations, we shall pass to the con- 
sideration of the caves in the South of France. JSroin 
the examinations of Tournal, Christo!, and Marol dc 
Serres, a considerable body of evidence h is been col- 
lected concerning the caverns ol Bizc, (Auric.) Durfort, 
Ponrires, Souvignargucs, ((Janl,) and from the similar 
* slate of conservation as well as mixture of the bones of 
* men and animals in tin* caverns of Bize, M. Tournal 
decides positively that their age is the same. These 
animals are stag, chamois, roebuck, antelope, and 
bear, which hardly require to be considered of the mas- 
tozootic era. The same conclusion was drawn by M. 
Christol, from subsequent lesearches in the caverns of 
Gard, in which the animal remains weie decidedly of the 
same era as the fossil elephant and lhiuoeeros. But the 
most instructive, probably, of all these discoveries, is 
that of the cavern of Miallet, near Anritizc, (Gard,) com- 
pletely investigated by M Teissier. Tins giotto, 
situated on the banks of the Gard on, is opened in a 
dolomitic rock subordinate to the has, on a steep slope, 
thirty metres above the valley. The lower layer of the 
interior of the grotto i$ dolomitic sand, irregularly over- 
spread by a thin stalagmitic crust, and in places by an 
ip , ni!lo-ferrugmous*nmd, more than a metre thick, and 
adhering in several* places to the roof and sides. In 
fhis'bcd were discovered in great abundance, and excel- 
lent preservation, bones and teeth of large bears, and 
with them a few bones of hyamu, rumiuantia, aiftl birds; 
undyr the stalagmite, and under a bed of loamy sand 
from two to (bur decimetres, a great number ofhmpati 
remains was found in various parts of the grotto. In 
the depth of the cavern they are unquestionably mixed 
with tltp bones of bears, which predominate ; towards 
the entrance, on the contrary, human remains are most 
abundant, and appear of less antiquity. Upon the 
ossiferous loam, under a little projection of rock, was 
discovered a human skeleton nearly entire, near it a 
lamp and small figure in earthenware; further pH' 
bracelets of copper ; in other situations ‘coarse pottery, 
wrought btmes, tind edge tools of flint, indicative of 
ruder industry. The hunjftn skulls were depressed front 
above, apparently by artificial means, tints present big a 


o o r. 

deceptive resemblance to the negro, though realty be* GW 
longing 1o the, Caucasian race of tuem - v _ 

M. Teissier infers from these data that the accumula* *** 
tion of distinct periods can be traced in this cave : — 1. 

The mastozootic or antediluvian era of the bears* with 1 
whose remains those of men are mixed, perhaps by sub- 
sequent natural or artificial means. 2. The era of rude 
civilization, (probably Celtic,)* when the coarse pottery, 

Hint tools, &c. were introduced, perhaps, to grace the 
sepulture of individuals, 3. The era oi lloman Arts, 

There is no necessity of hazarding a definitive con* 
elusion on the antiquity for these human remains, be** 
cause there is very* g lent probability of gathering much 
additional information by the discovery of new tnves 
under different circumstances In the mean time we 
may remark that the priuc pal arguments for the coeval 
existence of men, and extinct pachyricrmata and carni- 
vora in the South of France, is the intimate mixture 
and equal conservation of the bones; and these argu- 
ments should not be slighted, fur they would, probably, 
not. have been resisted in any case of the mixture of 
quadrupedal remains. On the other hand, the known 
facts that many parts of the Mediterranean shores were 
anciently possessed by Troglodytic nations, and that the 
custom of burying in caves, as well as retiring to them 
for safety, was very general in these Countries, adds 
great force to the opinion of M. Dcsnoycrs, that, in 
most cases, the human remains are of no greater anti- 
quity than the early Celtic Ages, in which very similar 
works of Ait were executed. (See Desnoycrs, Rapport 
a la Soc. GcaL de la Frame, ls3i.) 

It is clear that ossiferous caves have received their 
contents, some at one period, and some at another, and 
that in othns operations of the sume kind, repeated at 
very different periods, have consigned to ruir investiga- 
tion monuments of all the great zoological changes 
which have happened on the drv land since it firsi be- 
came tenanted by mammalia. The whole subject must 
vet receive a great accession ol wyb-Mbserved facts. 

One remark, concerning the ex ce*swe rarity or non-ex- 
istence of human remains in diluvium, and in caves of 
the elephantoidal era, mav be of considerable importance. 
Those parts of the Kartlfs surface to which traditions 
and, perhaps, general reasoning, seem to point us the 
first sites of the human race, the central regions of Asia, 
have been as yet little examined with reference to this 
question. It may be very possible yet^Jo discover them 
there even in abundance, though in ttiemigh Northern 
regions men may not have existed till hhk; , i later periods, 
it is a singular tiict that the Quarirumuna or monkey 
tribes which, so nearly approach to the bodily orgaitir # * 
zation of man, are equally absent from *the deposits^ of 
which we are speaking. * 

Upon the whole, the evidence yet obtained concerning 
the. Genlogival period when the human rac e began to 
exist on the Globe, is very imperfect, and we may, per- 
haps, wait long for more full information. In the mean 
time, it may be slated as a general admission that Malt 
did not exist on the Globe during the secondary, and, 
probably, not during the epoch of tertiary formation** 
and that sufficient evidence for his coexistence in 
Northern climes with the mammoths and hippopotami 
is yctVantiwg ; but as the races of oxen, horses, camels, 

&c. had then begun to exist, it is a reasonable expect** f 
tion that, eventually* this question will be deckled m the 
affirmative. 4 ' 

We shall conclude our remarks on this interesttng 
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clnfta of deposits by spme attempt to assign the causes of 
the diluvial phenomena. Those who refer these effects 
to oof universal flood sweeping over the whole Globe, 
must of necessity ascribe such a mighty catastrophe to 
some great astronomical cause, such as the appulse of a 
Gurnet, or the displacement of the axis of the Eurth, or 
appeal to a miracle. But as we cannot venture to as- 
sume that what we name diluvial phenomena are of uni 
versal extent, or were occasioned by a single convul- 
sion, nor are entitled at our pleasure to disturb the 
harmony of the Solar system, nor to help our ignorance 
by invocation of miracles, these conjectural hypotheses 
must be passed by in silence. From what has been 
prevjpusly stated, we are entitled to*look upon the dilu- 
vial c'poch as # a short, period of violent tumult in the 
ocean, like many which have happened before ; perhaps 
more extensive, but certainly similar. Why, then, 
should we not refer it to the same causes? As the ele- 
vation of the beds of the sea after the grauwacke period, 
after the carboniferous period, after the cretaceous period, 
produced large and violent floods, and caused the for- 
mation of extensive conglomerates, so the elevation of 
the Alps may have caused the diluvium which* has 


rolled from them, and the elevation of the Scandinavian 
chains may have caused the transport of their granite*, 
sienitee, atid limestones across the Baltic, and along the 
plains of Germany. That the Alps have been elevated 
from deep sea is the universal conclusion of* observers ; 
that the whole chain has been raised at a comparatively 
recent period is certain; and there appears every reason 
to believe that the dispersion of the boulders. was conse- 
quent upon the elevation of those parts of tbfc Alps 
from which respectively they were detached. 

We cannot apply this mode of reasoning to the Cum- 
brian mountains in England, for these appear to have 
been elevated above the sea at a far earl^r epoch than 
that now under discussion. In this case, then,* the 
tffect must be ascribed to a cause acting from u distance , 
which would agree with the magnitude of the pheno- 
mena observed, and lead to the notion of some very 
general convulsion preceding the diluvial movements* 
Upon the whole, we will venture to conclude that tfle 
diluvial currents were occasioned by convulsive move- 
ments of parts of the solid fabric of the earth, of sufticient 
force to throw the waters of the sea over distant regions 
of dry and elevated land. 


Table of Organic Remains in Caverns and Superficial Deposits subsequent to ike Tertiary Period , 
N. H. Kxtinct genera u.rt* marked with an asterisk. * Caverns marked with (c.) lirecria with (h.) 

In Diluvial and Earlier Accumulations. 

( e Gnileureuth, Zahnlorh, Pnviland, ISixe,} pu JriA v ,, . . . . 

{ )>, iili.it, Poulin... Simvionargu!'., Sicily . . . / Kmt,lU ’ Rhme VoIle >’ Aus,rla - &c - 

Ywsptntiho 

Sorex 


In Cavern* unit Breeela of «U Arp#* * 

Guileureuth, Zahnlorh, Paviland, Bite, I 
Dnilmt, Poudres. Snuvignargucs, Sicily 
i’k Nici\ Daimaiu 

<\ Franconia. France Kostrit*. 

Ik ('aglian, Antibes. 
e, Avison. 

h. Saidmia, Dalmatia Ditto. 

Talpa r. Avisun Ditto. 

Uuuifc *pel»us, lUurn «\ Gonnany, France, KngDu l Ichntillun. 

h Kram. near Kremb*», Man dvr ( 

arctoidviis, Blum r Fianronia, llize. SallrWs, Lutud Vied. 

cuhndeus, Cuv c. Sandwich, Kent’!* Hole Val* d\Arno, Pay do Dome. 

other specie** c. Franconia, Sandwich, Fouxan. Sail vies. 

* . Ik Perpignan Fay de Ddme 

Nubuu, C'nv - • . ... fl - N ice. 

Midcs vulgaris />. Loud \ led, Sul Id in. 

Giitn speltvms *. Gadenreuth, Sundwich 

Viverra, (Mi ft <\ and b. Australia 

Canis speliTUN, fWolf, ) . . . . t . Franconia, Base, Sullelcs, Ivtrkdalc Yorkshire. 

b. Sardinia. 

tainihans LunelVicd. 

othi'l specie* e. Franconia, Bizi*, SalU'lev 

vulgaris i b. Sardinia; i.K'rkdale. ......... 

} i r. KirkduU*. Pl\ month, Swansea, Paviland, i 

llygHJft speluw, Oolifr. < * Aluggcndorf, li.irr, Fouvent. Sandwich, , 

• m l Lmiel \ u*d, Pondres, Kent's Hole, Ac. 

other species, Goldf. ..... r. Franconia, Sandwich, Luuei Vied 


VaF d’ Arno, A vara \ . 

Pernerburg. 

K(*stnt/, Fanstadt, Ki<!h&tadt, Val’ d’Aruo, Hers* 
lwrg, Ahbevdlc, Law ford. 

Pay tie Dome, \ clay. 


,, , , .... i c r Kirkdale, Pl\ mouth, Gadenivutb, Baumann's ( V , T v j v • 

„ •P c, ® a » { Ildtde, Suudw ich, Lutiel V icd j Kostnt/, \ al d Amo, Bitlbeckb m korkehil*. 

# antiqim. (l*iv c. Gadenreuth; b . Nice, 

other species . . . * * - • 1 ’M** 1>u y < le Dome. 

Musttda (polecat; # * c. Lumd Vicil, Gadenreuth. # 

(weiwel; c. Kirkdule. t 

Lutra antuiua, M. de S c. Lunel V ieil. * 

other flfperies Puy do Dftme. 

Dasynrtw, Hypaijixymnuy .... .1 

Halnmmnm . . .1 Austra)la . (Clift.) 

Phaacolornym, kanguroo and I 

wombat § 

'Cantor c. Luuei Viell Val’ <!’ Amo, Puy de Dftnie. 

•Twmwttwwmrt'Cuwerii, (Finch.) Tagwirok, now the Sen of AwC 

Werneri, Cuv. Jaroelav. 

•Orteopoitt piatycephaU (Htrlan) Nw Delaware. 

• .Mua J ?• ^ i > rk ^ ,tt ’ 1 1 \ Uwford * 

* \ b. Gibraltar, Sardinia ... * * v * I 

' f c. Kirkdile, Gailenmuth, Simdwidh, Gibraltar, 

Ann cola... | Nice, Cette, Ckiddc*, Sardinia. 

Hystnx..., * Val* d Arno. 


4 \ 2 
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lu Cureru* and Breccia of all Ages. 


)o J>UuvUl and Earlier Aceuxntuatiou 


- , t .. fa. Kirkclale, Franconia, Sandwich J 

, U pus dduvionus and others, . | h Cette, Corsica, Nice f 

I,«gomyH corsicanus, Brurdct ..»</. Sardinia, Gibraltar, Cette, Nice. 

Chforomys' * 

"'Megatherium Cuviorii * • * - - • * * - ■ * 

^Megalonyx Jefferaooi. . . , 

J)a»yj>u$, liravard ! * - . 

, - * . ( c. Kirkdale, YVarksworth, Menditi, Swansea, 1 

EIq»h.. S pnm«emu., Blum. . . \ Mu^’ndorf, Foment } 

meridional is, Nesti 

prisons, Gold., resembling | 

the African elephant . f * - ****** ‘ * ’ * 


sev eral other aperies, ac t 
cording to Fischer . . . . J 


* cording to Fischer . 

"Mastodon maximus, Cuv, . 

* angustidtms, Cuv. 

nndtum, Cuv 

Humboldtii, Cuv. *. 
* elephantoides. Clift. . 

lutidens, Clift 

arvernensi't, C. and J. 

< 

Hippopotamus major, Cuv. . . 

undetermined 

Rhinoceros tlchorhinus Cuv. 


undetermined /*, Palermo, Australia . 

,,, . . r v* ( #\ Kukdnlt*, Wcirksworth, Plymouth, Swansea, 1 

Rhinoceros t.chorhinus Cuv. . •[ Hlir ,. Slln . !wicb) Koovefit ....... f 

b. Nice. 

leptorhinus <\ Kuncl Vn*il 

miuutus Cuv r. Loin 1 \ leil, Pondrvs, Snuviguiirguvh, 

flatus, C. and J. * . . 

undetermined 

*K)asmotheriuin Fischeri 


Puy de Dbme. 

* 

Ditto. 

North and South America. 

Ditto. 

, Puy d« l)6me. 

, Very generally in Europe, Asia, and North America. 

, Up\>er Italy, Puyde IXmie, 

. Yorkshire, Rhine Valley, Wittenberg, Russia, 

. Russia, Podolia. 

. Very general in North America, Norfolk. (Smith.) 

*• 

Andes. (Humboldt.) 

. Chili. « 

. Ira wadi in the Birman Empire. 

. Ditto. 

. Puy de DAme. 

l in England very generally, Upper Italy, Puy d* 
1 Ddme. 

. Irau.idi. 

| Siberia, England, Germany, Franco, Val* d'Arno 
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Puy de JVmie. 

St. Privat d'Allier. 
Siberia. 


„ . it l a. Bi/«*. Sa’lt b s. \?gou, Poiiihos, Lunel Vn jI, 

perhaps mom ll.«n one! , K„k,UI.., C'l.ft.m, HI,- 


luautn, Swansea. 


b. Nice, Antibes, (tihral'ai. Dahuaiia. Arm* 


mis r. Memlip, J4i/e, Fraiuoiua 

other species .....* r. Suimwich 

♦Chmrupotamus b. Villelranehe-Eauragimis . 

+Mcricutherium Sibericum 


Ck^rvus megaceros. Hart . Kent's Hole . . J 

tarandus prisons . . ... . Bieugue 

tarandim 

dam a giganteus 

polignacus 

elaphus . In English caverns generally 

Reboullii, Christol r. Bure, Sail* les. 

several others e Ditto, ditto 

b Gibmltai, ( ette, Nice, Antibes, Pisa 
Anlilupe Christollu, M. de S. . . . c. Bize, Salle, les. 

othei species 6. Nice, Arragon 

Ovis , b. V'lUelranche-Lanraguai'*. 

• ■ T . - ft*. Sttlleles, Bize, Lulnl Yird, A) gnu, Poudtes, 

Bo. Bojanus . . . . { Souvenir*.,.-,. 

v. . * ( c Bizu, Souvign argues. Lime! Vied, Pontius, 1 

P" 8 " 1 *’ B, “J { Ar K .m, soil.:!,; .’J 

boinbifrtms. Hart • 

truchocerus. Von Meyer 

• Palltfsii, Dekay 

\ elaunu-s 

liiudcteu imicd Kirkdale, Meudip, Plymouth, 


Kostiitr, Brunswick, ( anwtadt, Val’ fl’Arno, (Kluni. 
Kshex, Yoikslme, (tio<juent,) Lawfurd. Xc. 

Oxford, Val’ d* Vino. 

u y de Dome, 
liawadi. 

Sihena, 

Very general in iueustrine deposits, prohub) v an- 
cieut than t la. diluvial deposits, England. 1 mure, 
Ireland 
Kiiro|*\ 

Kostnt/. 

AhhevilU;. 

(’ussac, 

Ereijuent in EnglumL 
( ussac. Puy de lhuiu 


Irawudi, Kostut/. 


Siberia, Nortli^ America 9 Yorjkikire, and vauu 
parts of Europe. 

Bigbiuie lack, Ac. , m 

l ! j>per Italy . 

Siberia, New Madrid * 

Cussac, 

In vaiiouH parts oi Englnnd. # * 


W# have not \entured to admit into the preceding list, 
the numerous remains found in the irony sands* of 
Eppolsheim, which are staled to be related to the tertiary 
limestones of that vicinity, in which also (nee Meyer’s 
Paltoolagha) bones of rhinoceros, &c. occur. 1'hese 
remains consist of species of gulo, lelis, (not those of 
* the caverns,) Several small rodent ia, cried us vulgaris ? 
inoschus antiqmis, ft species o! eervus, (not those of the 
diluvium,) rhinoceros Schlciermacheri^K&up,) mastodon 
an^ustidens, in. nrvernensis, 3 species of, eqmtB, tapirus 
prisetts, lojihiodon Goldfussii* sus airtiquuR, «, palee- 
ociterus* ditiotherimn pj^anteum, d. bavuricum* mania 
giganUte # . 


It may be remarked that in the \allef of Rhine, and 
in soim* oilier parts of the Continent of Europe, where 
local tertiary seas have left agitated deposits**) long their 
shores, and in the line of their currents, it requires ex- 
treme caution to apply with propriety the term diluvial. 
By an appeal to the organic exuviir, where these are 
sufficiently plentiful, it may often lie possible to resolve" 
the doubt, especially where remains of the^pttchydermala 
are nop) crons. Thus elephants, hippopotami, rhinoceros 
tic’horhinuR, and certain bovine and cervine remains, on m 
the one hand, and, pn the other palootheriu, lopbio* 
donta, offd* strong contrasts. But thi« teat cannot 
always be applied, eml it then becomes diffitmlt iprely ou . , 
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Geology* the minute distinctions which probably almost always 
Ch. fl. cx bt between the tertiary and diluvial species of the 
same genus. In this research much yet remains to be 
effected. Cases like those of Eppelsheim and Georges** 
ground become in this point of view exceedingly im- 
portant ; for* by a comparison of many such instances, 
the series of zoological changes on the land, between the 
beginning of the tertiary and the end of the diluvial 
periods* may perhaps be eventually determined. At 
present we can only perceive lliul in general the palm- 
otherian inhabitants of Europe hud mostly ceased to ex- 
ist in these limited districts before the elephantoidul races 
had spread themselves so widely over the Northern zones; 
and can clearly show that the proportion of species' be- 
longing to extinct genera in the undoubted tertiary de- 
posits, was at least half, while in the undoubted 
diluvial deposits and caverns of the same date, it was 
about one-filth. The remarkable extinct genus mustodon 
is common to the tertiary and diluvial periods, and there 
seems good reason to think that in some of the localities 
in North Ameiica, remains of these animals lie in 
postdiluvial lakes, like those which contain in Ireland 
and Yorkshire the bones of the ccrviis'riiegacrros. Some 
remarks bearing on the general quurjiou of the deter- 
mination of the Geological epochs of murine and littoral 
deposits, by comparison of their quadrupedal remains, 
will he found under the head of the tertiary strata. 

Deposits nf f he Modern Kra — -Modem Ca uses in Action. 

Malum of Having now concluded our descriptions of the strata 
tmu<|i»mtv and aqueous products recognised in the crust of the 
iicv-ifNc** m Globe, and also traced the ( fleets of subsequent exfraoi- 
s,lu diuarv inundations upon the surface, uiismg from local 
ifll. ' changes of level or general internal convulsions, it re- 
mains to be seen whether the causes now in action in 
the modern economy of Nature me of the same land 
as those which were tormeih concerned in pioducmg the 
arrangements and disarrangements observed in the crust 
of the Globe. 

This in the true cardinal point of theory. According as 
the; one or the other conclusion on this point be adopted, 
we limy attempt to explain the ancient phenomena by 
modern lawsul Nature, and Jhus conned tin* present and 
the past, the extinct and the existing history of our Pla- 
net into one system of progressive change, according to 
the school of II*tt<m, Playfair, and I.yell; or suppose 
that, in the chaotic fancy of our planet, laws peculi n 
to that period prevailed, and piopeities of matter were 
unfolded then which never show themselves at present ; 
.and that the ancient rocks mid organic bodies belong to 
a wholly dislinct set of causes, were the produce ol a 
peculiar creative ifnpulse, no longei permitted to ope- 
rate on the finished tiuiL mau- inhabited Planet. The 
Wernerian cosmogony bears vei y much this aspect. 

But though, put this in divert opposition, the rival hy- 
potheses uppeftr to have no point of union, wo find, in 
fuel, that, between the opinion of Hutton, who considers 
Creative Nature to be perpetually in progress, — the same 
* to-day* yesterday, and for ever — and the dogma of 
■Werner, that the World was made by a certain settled 
sequence of events, to which nothing similar now hap 
pons, every variety of theory is adopted and defended 
* We may, however, with rigid accuiucy and much con* 
veil iei ice, rank them in three classes. * 

1* The favourers of Huttons and .T^etl’S views, who 
maintain that the causes now in action to change the 


level and alter the relations of the masses of matter near Gwiogy. 
the crust of oof Globe, are those which have ever been M* «• 
in action, identical in kind, and equal in degree, in all v “ ir ‘ ' 
times past, and which may be expected to continue the 
same, in kind and degree, through the future,, 

2. The general School of English Geologists, who Views <>! 
have always maintained, and laboured to prove, that the the Kuglwl 
causes operating on the surface and in the iutenor ai 
the Earth have remained through all times past uw* J 
changed in kind, and are still operating with the same 
tendencies us they alwuys did, but on smaller areas, and 
with less effect. This view of the subject has a double 
aspect. English Geologists have generally believed that 
as volcanoes were supposed to become languid through 
want of fuel, the circumstances under which the mo- 
dern operations of water uud fire are manileMcd in the 
general economy of Nature, approach inure nearly to a 
state of equilibrium or saturation, and therefore afford 
no opportunity for the same extraordinary display of * 
energy us in ancient times; but since the relative pe- 
riods of the great convulsions wj^ich have elevated 
chains of mountains, and given new boundaries to the 
ocean have been investigated upon sound principles, the 
mind has become gradually familiarized to another notion, 
and habituated to contemplate long periods of ouluuuy 
and regular action of natural causes, interrupted by 
transient local or general convulsions. According to 
this modification of the hypothesis, the present is a pe- 
riod of ordinary and regular action, succeeding upon an 
epoch of violent disturbance. 

II The old notion of dospniting speculators in cos- 
mogony, who found ii easier to cut the* Gordian knot, 
by flatly denying the analogy of modern and ancient 
operations and either reientng the whole hcuutdul order 
of the ancient works of Nature whuh they con hi not 
comprehend, to a momentary fiat ol Deity, or to the 
rude and prolonged confusion of elements m chaos. 

Tins is the only notice we shall take of that mere 
dream of indolence and deficient observation; tor we 
have already proved that the stratified locks art* cer- 
tainly analogous in all points to the products ol modern 
waters, and that the uusiratified roiks clearly ptose 
their special origin from tire. 

As hi our actnufiK of the construction of the Earth* 
crust we have resolved to separate the results of the tin 
cient operations of fire and wuter, so in our views of the 
modern effects of these agents, the same plan will be 
followed ; and, without stopping at every point to settle 
the precise amount of inference due to every datum, wo 
shall, present a connected view of the continual effects o 
the atmosphere,, rains, springs, rivers, and the sea, on the 
surface of the Globe, before proceeding to the changes oc 
casioned by more occasional eruptions of igneous agents 
from below, volcanoes and earthquakes and other con- 
nected phenomena. Some general inferences, suited *to 
the pieseut state of the Science, may occasionally be ven- 
tured, and perhaps many years must pass beloreanv one 
acquainted with the peculiar temptations to insecure 
hypothesis which sciences of observation hold mu', will 
venture to dignify his imperfect generalizations with the 
delusive title of a Theory of the Earth. 


Wasting Effects of the Atmospfier. 

The gradual wasting ot tnchiiriucr of the higher part* 
Of the Earth is an important element m Geological theory, 
and it ia scarcely to be supposed the! any Geologist Cun be 
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so entirely engrossed with the contemplation of the ancient 
operations of water in producing the stratified crust of 
oOr Planet, as to neglect the consideration of the analo- 
gous effects which are in progress at the present time, 
The following examples of the varied effects of atmo- 
spheric influence*, in modifying, the surface of the 
erections of man and the works of Nature, are derived 
from the writer’s own observations, and it is to be sup- 
posed that they form but a small part of the current in- 
formation on the subject. 

The wasting effects of the atmosphere are those initial 
or preparatory processes by which earthy materials are 
piovided for rivers and the sea to transport and deposit 
\u new situations. 

These processes, as far as they depend on the atmo- 
sphere. are chemical when the atomic composition and 
the properties of the parts are changed, mechanical when 
their state of aggregation is altered; and this may hap- 
pen by general [tumidity, variations of moisture, vari- 
ations of temperature, or precipitations of rain. 

It is not, however, always possible to distinguish accu- 
rately the effect* or these several causes. Many natural 
agencies are often concerned iu one operation, and the 
general result is the sum or theditfeience of their effects. 
'The chemical effects of the atmosphere are evident iu 
buildings and on the surface of certain rocks. The same 
process which slowly reconverts the mortar of walls into 
carbonate of lime, frequently causes the pulverization 
and bursting of the bricks, in consequence of the expan- 
sion of the small masses of lone which they contain. 

The surface of bricks is often covered with a saline 
efflorescence, which is generally nitrate of lime, but 
sometimes rmmate of soda The surface of the yellow 
limestone near Doncaster is sometimes covered with a 
nitrous efflorescence^ and so is the calcareo-mngnesian 
mortar made from it. 

The exterior of most uncrystalline rocks and buildings 
seems to be slowly eaten away b> the moisture and car- 
bonic acid of the air ; but the influence of this destructive 
agent is most remarkable among the feUpathie rocks, 
whether like •granite they are originally crystalline, or 
like millstone grit composed of fragmented musses ’Hie 
fclspnl hie portion of the hypersthene rocks of Carmck 
Fell is so wasted that the crystals of hypersthene and 
magnetic iron are projected from the surface consider- 
ably. Some greenstone dykes are thus entirely decom- 
posed to great depths from the surface, and whole rocks 
of granite, secretly .rotten, wait only lor an earthquake, 
or a water spout, to be entirely reduced to fragments. 
Those who haw seen the crumbled granite of M un- 
caster Fell, oi Castle Abhol in Arran, surrounded by 
heaps of its disintegrated ingredients, must have been 
struck by the importance of this phenomenon m rea- 
sonings concerning the origin of many stratified rocks. 
t Both airborne acid and oxygen act very decidedly 
upon the metallic, and particularly the ferruginous in- 
gredients of rocks, and thus swell and burst them to 
pieces. Sometimes, however, thin very cause seerns to 
harden and bind together the* rock, and to render it 
more durable, and in general, there is no certain test of 
the durability of any stone but experience under the 
same circumstances. ♦The Bath stone, so permanent 
amongst its native hills, perishes in the salt air of Nor- 
folk, and tew ^calcareous freestones of any kind will long 
resist the carbonaceous atmosphere of London. 

It is worthy of remark, that sculptured stones buried 
under ground are perfectly and even wonderfully pre- 





served) while their fellows left exposed to the sky have 
been almost crumbled to dust A fine example of this 
was noticed in the course of the excavations for the 
Yorkshire Museum, by which the statues which once of ~ 
stood between the arches of the nave of St. Marjfel the ground 
Abbey were discovered, some with blue others with red 
drapery, one with gilded hair, all retaining the most 
delicate chisel marks. A few yards from them, at the 
West end of the Church wtfiich they once adorned, the 
atmospheric influences have nearly obliterated a beauti- 
fully sculptured wreath of leaves round the doorway, so 
that Antiquaries have doubted whether they were meant 
to represent, the vine or the ivy. 

Frequently, in looking at buildings composed of pb- Waite foa 
rous ufaterials, like the Portland stone, or a grit free* humidity, 
stone, we observe the parts which arb overhung by a 
ledge, and thus kept in a state of continual shade and 
dampness, tube moie rapidly consumed than the pro- 
jections , but the parts which hasten soonest to decay 
are those near the ground. The same rules are exem- 
plified in many remarkable rocks, as for instance in the 
quartzose conglomerates of the old red sandstone of 
Monmouthshire, a ml the millstone grit of Brimham 
Crags hi Yorkshiie, The “ Buckstone” near Monmouth is 
a huge rock inversely conical, expanded above into a 
large area, but contracted below by continual wuste to a 
narrow base of attachment. This process, a little tur- 
I her continued, might convert the buckstime, as pro- 
bably some of the stones of Brimham have been con- 


verted, into a * 4 rocking stone.” 

In Northern zones the variations of heat and moist- from 
me are greatest on the South and West fronts c»f chauirw i>f 
buildings, and ut consequence those fronts to om Cat be* an ‘l 

. . i* . / . i.ii moisture, 

dials decay most rapidly. I Ins is remarkably the case, 
with the grand Cathedral of York built of magnesian 
limestone, which is in many places quite consumed on 
these fronts, but comparatively uninjuied mi the North- 


ern face. 

The weatnering of the surfaces of buildings by the 
fluctuations ol heat and moisture L partly dependent on 
the structure mid composition of the stone. The flag- 
stone of Yorkshire is m many houses at Bradford gra- 
dually decayed gram by gisin, so that the suriaces of 
the stone, continually renewed, and never permitting 
the growth of lichen.-, appear always neat and clean. 
The magnesian limestone of the same Comity, often 
tin vented by veins of calcareous spar, presents fre- 
quently a cellular or honeycomb ap^darnnee, iu comae- 
quence of the projection ol these wins uhove the exca- 
vated limestone; but the coarse shelly •beds of the 
Northamptonshire oolites, and the irregularly laminated 
millstone grit, are decomposed in lipes corresponding to • 
the inequalities ui the composition of £be nthne. 

in these cuses the stone appwirs to undergo gradual 
and continual waste; but HOiftetimet the whole surface 
exfoliate*. Basalt very frequently suffers this kind of 
waste, granite not seldom, and it has j*een supposed 
in these instances, that the atmospheric action merely 
discloses the latent concretionary structure of the rocks. 

The following examples require a different explana- 
tion. The bridge over the Wear beneath the Western 
towers of Durham Cathedral built {about 40 yearn 
ago ?) of a sandstone associated with coal, i» oroa* 
mefited with a balustrade, and the little pillars are 
worked with various swellings and mouldings. »fu 
crossing U ife bridge many years since* the writer ftrnck 
one of the balusters with his hammer! and being maeb 
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Geology* surprised with the hollow noise which ensued, stopped 
Ch. 11. to ascertain the cause, It was found, in many instances, 
that a thin, external coat of stone parallel to the mould- 
ings was entirely separated from the internal nucleus, 
and ready to scale off upon the slightest blow. The 
Western front of the ancient and beautiful little Church 
of Skelton, near York, built of magnesian limestone, 
shows the same kind of decay in a direction across the 
bed of the stone. Tjje Yorkshire flagstone is occa- 
sionally used, to make curb stones of two feet in height, 
the Iamipie being placed vertically, and the block worked 
above to a semi-ellipsoidal figure. Even these lami- 
nated stones frequently exfoliate parallel to the tooled 
surface. The ramparts of Zurich are built of sand- 
stone, belongingHo the tertiary system, (molasse,) and 
the stones are cut with a boss along the middle and a 
depressed border. Desquamation huppens parallel to 
the artificial surface. 

Since, in these various instances, desquamations are 
found to occur parallel to the surface, without reference 
to the internal lamination of the stone, the mere circum- 
stance of exfoliation seems insufficient to demonstrate 
the originally concretionary structute of basalt and gra- 
nite. It is, nevertheless, von probable on other gt minds, 
that basaltic jnllais, if permitted to assume their natural 
shapes, without pressing one against another, would re- 
semble a number of superimposed '•phciouK. 

All the (use?-, of desquamation seem to arise liom an 
alteration of the degree ol coherence of the stone, where- 
by the external mist is madt; to expand and contract 
differently from the internal parts, and, in consequence, 
is soon separated from them. The surface of stones 
long exposed to the weather is frequently muni indu- 
rated. while the inner pails remain sop. (This is the 
case m the outer circle ol Stonehenge. Mr. W. Smith.) 
tVc*m frost. Frost is likewise an important agent in reducing to 
smaller masses the materials of the Earth. Some stone, 
if brought to the >urlnee in Winter full of its “ quarry 
water,” will hre.'tk m pieces directly. Advantage is 
taken of this rircuinst.niQ* liy the slate-workers ol Stones- 
field and < nllywcstou, who quarry their stone in the 
Winter, taking cine to shield it from the Sun and the 
wind till the frost lias acted upon ii, with the aid ol 
uffuflt’d water, if necessary, winch, b\ drselosing the na- 
tural fissiiity of the stone, pemut the blocks to be cleft 
ifito thin, sound, roofing slate. Landslips in mountain- 
ous regions are? piohnhiy, much accelerated by the 
power of trusts Ji •ascending tin* Kighi from Weggis, 
on the Lnk* nf # Lneern, we are much struck bv the 
extraordinary length and continuity < I the joints of the 
* nttgrlfluo. It » Irom these natmal partings that the 
landslips full, wlpiit repeated rains, snows, and frosts 
have Vorn or bin st them open, and the water passing 
dowu them undc»nnnevf the foundation of the cliff. 
Thus huge blocks, libeiated from their attachments,* roll 
down the steoy descent, or half the summit of u moun- 
tain slides upon its argillaceous bed. Vast portions 
have thru slipp'd from the Rigid towards the isthmus 
which divides the Lakes of Zug and Lucern, and others 
ara preparing to follow. The fissure is already opened 
parallel to the edge of the precipice, and pervious below, 
ao that a atone thrown in at the top, is said to fly bound- 
ing out at the base. * 

kk'wtoof • JVe come now to the effects of rain, and without 
11 dwelling on the general degradation \»f # thq softer sur- 
face# of the Earth caused l»y thw agent, we shall pro- 
ceed to show, that within (he historic era hard aud dur- 


able stones have been greatly furrowed by the rain, theology, 
and that in mere ancient periods, the precipitations from L 
above have carved themselves channels of various kinds, 
and sometimes occasioned real though miniature valleys 
of great length and continuity. 

Many Dr u id i cal monument# in the North of Eng- on mouu 
land are constructed of coarse millstone grit, a rock 
admirably suited for yielding those enormous blocks 
preferred by the ancient Architects. Three huge Druidi- 
cal stones, now standing near Boroughbridge, called, the 
“ Devil's Arrow*" present us with a most instructive 
lesson on the ultimate fate of all human enactions ex- 
posed to the ravages of time. * . 

The rain, beating for 2000 years upon these vene- 
rable pillars, has cleft their tops, and ploughed deep 
furrows down their sides. The grooves arc deepest at 
the top, and become wider and less distinct towards 
the bottom ; they cross indifferently the false-bedded , 
lovers of pebbles, and go directly downwards. One of • 
the stones leans remarkably and threatens to fall, but 
an examination of the furrows shows the inc lination to 
be of most ancient date, for they descend much further 
down the pillar on the upper inclined lace than on the 
under. 

Similar effects of rains arc visible to a greater extent 
on the bold crags, like. Ahmas cliff and Brimham rocks, 
which crown the summits of so many hills of North- * 

Western \ oi kshire, bom some of winch the Devil's 
Arrows were obtained. 

Ju the valleys of Swisserland (Sarnen) blocks of 
limestone, winch have fallen from the mountain sides, 
have been furrowed in the same wav since their de- 
scent. 


Tl: ' carboniferous limestone of England has been on iocky 
little employed in building, except partially in old castles, °hHs and 
where it seems dui able, and they who know the mag- flu0rt * 
nifleem ranges of scars which begird the hills of Derby- 
shire and Westmoreland, will acknowledge lhat few 
rocks seem more likely to endure the rage of the ele- 
ments. But vet close inspection of tfwse giant dills 
will prove that time has been busy there. The dry ant! 
bleached aspect, and the smoothed angles, show plainly' 
the wasted surface. Those who have stood on Do ward 
Hill, near Monmouth, to contemplate the rain-furrowed 
white limestone there, will not need another example. 

In the North of England analogous and more remark- 
able instances present themselves in the wide limestone 
base of Inglebonmgh, and in Hutton roof crags near 
Kirby Lonsdale. * 

The vast limestone floor which airports the cone of 
lnglebnrougli is marked in all directions by natural fis- 
sures, and divided into compartments like u map. 

If one f>f these compartments be examined in the 
Western part ol the mountain, its surface will be foupd 
scooped into little hollows which unite into a common 
channel, and terminate by indenting the edges and fur- 
rowing the sides ot 1 lie fissure. They are, in truth, 
valleys in miniature, separately produced by the ijriiio- 
age, so to speak, of the several blocks. 

The mere decomposing effect of the ai Unisphere pro- , 

d need on the edges of ihe stores a different effect, by 
wearing away life softer lamina?, but the smooth surface 
of the miniature valleys, their regular descent, winding 
course, mid uniofi into a common channel, show that 
they were fashioned by the repeated operation of de- 
scending rain. 9 

This scar is nearly level, but in "Hutton rooferags wc 
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him an opportunity of fracing the min channels over 
s^’mL ' m hnmenso surface of bare limestone rocks lying nearly 
level on the hill top, but sloping rapidly down the sides 
to the East and South. On the level top of the hill the 
stones ore variously worn in hollowR and grooves irre- 
gularly united and running in different directions ac- 
cording to little variations of the ground; hut on the 
sleep East and South slopes the channels are extended 
into Jong furrows, which, uniting at acute angles, en- 
large, widen, and descend the hill side, in lines follow- 
ing exactly the declination of the rocks, and stopped 
only by the few and distant fissures beyond which other 
.systems of concurrent grooves begin. 

Kam chan- ft is impossible by drawings, or descriptions, to eon* 
nels like VC y KVlc h ttn j ( l 0iv of the appearances of the Hutton mof 
crags, as to awaken in others the deep impressions 
which are fixed for ever in the mind of the observer. 
The astonishing resemblance which these little ram 
channels present to the groat system of valleys which 
undulate the strati lied rocks, seizes upon the i magma 
tion, and we re-examine all our notions of the origin of 
these gieat undnla'iniis. The fissure^ in the limestone 
rocks which stop and swallow up the gathered streams, 
are analogous to those longitudinal valleys beneath 
the cseat pinouts of the oolites, and the chalk by which 
the rivers me turned at right angles to their cm tier 
course, while the lower edge of the fissure corresponds 
to the escarpment itself, with its new system ol denu- 
dations 

To see these rain and time -ploughed furrows winding 
in uncertain directions over the horizontal limestones on 
the hill top, like a slow river in a level plain, but run- 
ning a straight downward course on the slopes, like a 
stream descending tmm its parent mountains, is enough 
to impress on every beholder u secure conviction that 
the excavation of valleys must be explained upon similar 
principles; that, as the feeble currents of descending ram. 
aided by long time, have been sufficient to plough their 
little courses. *0 the greater action of existing streams 
has been suffice nt to work out their actual chamn K 
though the excavation of the broad valleys in which 
they run, may have been accomplished by more violent 
and voluminous waters, flowing 111 directions predetei- 
mined bv ancient subterranean movements. 

Jt i,s probable that the slow but incessant action of 
rain, beating perpetually on the hard and the soil sur- 
face of the Earth, and removing gram by gram the ma- 
terials loosened by the expansive agency of frost, mois- 
ture, and chemk‘al changes, ' may be, in a given long 
series of years, more important m its effects than the 
violent water-spout, or the ravaging inundation of a 
bursting lake Yet the effects of water-spouts are tre- 
mendous in Countries composed of easily .destructible 
of unequally indurated materials, A water-spout which 
fell on the mass above Kettlewc!) in Yorkshire, commit- 
ted the most terrible ravages in the narrow valley* of the 
Whar/e, near Kettlewell ami Starbottoin. On the sides 
of t^e mountains in Cumberland, traces of these visita- 
tions seem utterly ineffaceable; and the memory of the 
sudden biiwsting of the Peat Hog above Keighley, will 
long he preserved in the valley of the Atre. The floods 
which rushed simultaneously from the Cairn Gorum and 
other mountains, in August 1829 , over f>0U0 square 
miles of Aberdeenshire and other Counties, were of pro- 
digious fury, removing hundreds of Unis of large stones, 
whole acres of woodland, and almost hills of earth. 
The desolating effects of the burning of the icodam 


Kil. rtx of 
inunda- 
tions 


which had formed the temporary Lake of Bagnea, are 3w%y 
matters of history. The moving mass of water, mutt, ' ^ 
and monstrous rocks, which swept with violence dowu 
the valley of the Drunse, carried away forests, houses, ,x 
bridges, cuttle, and men. In six hours and a hal( it 
passed through an uneq u a land irregular course of forty- 
five miles, till its waves were lost in the Lake of Geneva. 

Glaciers arc likewise to be enumerated among the 
powerful agents by which the higher lands are wasted, 
and materials provided for the raising of the lower. As 
the Summer heat melts every year the lower portions of 
die, sc long winding rivers of ice, and the heated ground 
thaw s, ami the gathering water dissolves their foundation, 
the whole mighty rnuss of snowy ice slides downwards on 
its failing bed, ploughs up the stores, breaks up the 
rocks, and adding their spoils to the accumulations of 
the avalanches, throws to the sides huge banks of rub* 
lush, pin vine! ally culled moraine. The foot of the gla- 
cier is thus surrounded by nn immense hilt of Iciose 
materials which gradually find their way into the stream 
that issues beneath. 

Descending Streams and Rivers. 

*# 

The wasting effects of the atmosphere, noticed m the 
preceding •-oetion, me sensible in all regions, and there* 
tore in every Country some mntemls are provided for 
the streams to transport. But the proportion of matter 
thus prepared in mountainous Countries is so vastly 
greater than elsewhere, that in general the less conspi- 
cuous effects of the same causes m lower regions arc over- 
looked. The common notion respecting the action of 
alpme streams appears to be, that (hew are the princi- 
pal agents of destruction upon the faces of the moun- 
tains. and it is to them that the actual waste of the 
surface is attributed But though Ihcxe streams are 
indeed active agents of excavation, their pimnpul in- 
fluence is of quite another kind, and it is chiefly by the 
disposition of the materials brought ml o them bv ruins, 
avalanches, and water-spouts, that* they effect Mich 
important changes. 

In considering the action of streams and rivers, w 1 - piiovo- 
must distinguish between t heir powers of eroding or 
ejearatnn , r , and of transporting sol iff matter. /lcUou !l5 

The former is occupied on the channel ami floodway, 
and its effects have relation to the ronnulidahon of the mat 
ter traversed, and to the rapidity and volume of the moving 
water. About their sources, and for a long part of their 
early com sc, sti earns deepen continually their channels, 
and wear away theii barriers of rock : ‘hut*m their broad 
expansions near the sea, this power of excavation wholly 
ceases, as a general law, and is only evmcqd in pKtticiv 
lar cases, as when great bauds are cut off or banks are 
undermined. , * 

We have abundance of examples in all our mountain 
regions of the actual excavation of their channels by the 
rivulets und rivers. I 11 the district of'Aldstone Moor, 
the South Tyne runs to the North from the side of 
Crossfull, for some miles along a slope of shale, over the 
Tyne bottom limestone. In thi« shale, which is itself 
excavated into a broad valley, the river has evidently 
cut its own narrow vet sufficient chad n el ; and no con- 
trimt can be more striking than that here afforded by 
the mighty valley of Tynedulc, 1500 or 2000 feet fyp** 
low its bordering mountains, and the little channel UrtiM- 
ing the wrttcrft of the River. Tyne. Every rivet i» this 
manner works out its own channel in elevated v$ftoitfh 
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Ch, XI. passage to the feebler currents. In the level regions, 
mpvW along the rivers of Yorkshire and Lincolnshire, the chan- 
nels have been many times changed, even by those slug- 
gish streams, and still more in the deltas of the Rhine, the 
Nile, und the Mississippi ; and among the Alps, this 
fluctuation of the river-courses is excessively irregular. 
No doubt, then, can remiyn of the fact that rivers and 
running waters excavate and alter their channels. 

Mr. Lyell has given a remarkable case of the rcce?it 
excavation in a bed of modern lava of a channel from 50 
to several hundred feet wide, und 40 to 50 feet deep, by the 
River Simeto, flowing from Ktua. Mj. Scrope has also 
shown similar phenomena to have happened in4he vol- 
canic region ol Auvergne, in these cases the action of 

# the river lias probably been excited by the. flowing of a 
current of lava across its course, sons to dam up the wa- 
ters, and give them something of the lorce ol a cataract. 

Wales f jtis, The water lulls and cataracts upon the line of a stream 
afford some curious points of study. It is especially in 
these cases that the increase ofexeavat mg power, derived 
bv a river from the solid matter which it transport^ is 
most sensible. 

A entaiact is formed upon the RYter Eden, in West- 
moreland, near Kir kLy Stephen, bv some remarkable 
beds of calcareous r»d sandstone conglomeiate, anil the 
pebbles which the nver brings down, hcie contribute 
with the w hillings ol the water to excavate many deep 
perpendicular pits, similar on a small scale to swallow 
holes on the mountain limestone ranges, or those rts- 
mantic cavities on tin. I’uldevv tn ('umberland. Relow 
m*m\ waterfalls in Wales and Scotland, the same effect 
is produced. 

Rut the most characteristic effect ol a cascade, is that 
ceaseless undermining ol its base and sides, and ennso- 
ijuent lupturc ot the spout or edge ot the lull, which 
Uiiises bv slow degrees the cascade to ictire further and 
fwrlhei up (lie mountainside, and produces those awful 
and still deepening portals of impending rocks, which so 
much uu grand (/e tlie sublimity ol a noble watvrfurcv* 

I’liis e tier i may be cxcellent’v observed in the carbo- 
niferous limestone district of the North of England, 
when* so many beautiful streams leap from the beds ol 
limestone over perishing shales and sandstones, and 
using in toain sap and undermine the base of a largo 
semicircular cliff, till at length the solid limestone 
crown gives w ft y , and the insatiable rivei renews its 
destroying attacks.* The same thing is seen in many of 
the Swiss waterfalls, particular ly in the manifold (alls of 
the (iiessbach. 

* Mr Lyell vary ingeniously applies the acknowledged 

"fact ot the recession ot the Falls of Niagara, which ap- 
pear* to have been pushed back seveial miles, at the 
rate of 40 or 50 yurcU fti 50 years, to the possible dis- 
charge hereafter, through the St. Law rente, of the yaters 
of Lake Erie. Such a discharge would, ot course, occa- 
sion a local (ftliigf ; but the lake is so rapidly filled up by 
sediment, that it i« a question whether it will not be- 
come dry ground. More the falls of Niagara shall have 
been pushed buck so far us to be capable of emptying it. 
The full of the Jlhine at SchafFnausen is a grand exhi- 
bition of the erosive power of water, particularly the 
wearing of the base of tlie two island pinnaces of 
dpiestune, which now staud proudly iu tlie midst of the 
curreutg, but will eventually be burled down the thun- 
dering cataracts. * 

Jn considering now ike transporting action of streams, 

fVI,. vr. 


we may distinguish between such as flow through vaf- Geology* 
leys of uniform declivity without lakes, and such as *b 
pass through broad receptacles of water, before arriving 
at tlie sea. As examples of the former, we may take 
many rivers of England ; for the latter ease* several ofsUvaiifc 
rivers of England, Wales, and Scotland might be named* 
but much grander phenomena of the kind are wit- 
nessed among the streams which flow down from, the * 
snow-crested Alps. 

A certain velocity of current is requisite for the trims- Rivers 
port of every kind of earthy matter, the finer the matter without 
the less force will move it along. Iiencc wi the lower 
pails of rivers, where theircourse relents, as they nppmu$h 
the sea, though they can no longer, ns in their youth- 
ful energy, remove rocks and transport loads of sedi- 
ment, their waters are muddy, and their channels and * 
sides receive continual augmentation. Such a river as 
the Yorkshire Ouse is very instructive. As its branches . 
descend from Slmrinor Fell, Cam Fell, and Whern- 
side, they transport daily and houily trom those elevated 
sites the inaie.ials accumulated by atmospheric changes 
and mechanical attrition, the soil, t lie stones, the loosened 
rocks, grain by grain, and piece by piece, move onward 
with the current, and thus the whole mountain region, 
by a slow yet not imperceptible progress, is lowered iu 
height, and its wasted spoils swept away forever. Rut 
let us follow this process. Wherever the valley orb* 
ginally presented great inequalities, these arc constantly 
diminishing by the upfillnigof tlie hollows, and at length 
the originally rugged chasm is changed by additions and 
upfif/uitrs into the smooth, evenly di dining hollow, 
which, because ot that smoothness and uniinrm deelina- & 
turn, is supposed bv many to l>e entirely a valley of denu- 
datn. . In this piocess, the lateral action ol tains and 
inundations hum the sides ot the valley, is a very im- 
portant auxiliary. Any one who contemplates the valleys 
of the dura, ncai SchaU’hause.n, and sees them in many 
cases rugged cm the sides, and evidently traced by natute 
in a lit ol convulsion, must be struck by the smooth, 
even, equally declining plane ol their bottom, which cuts 
the inde precipices ot the j sides, and clearly indicates a 
subsequent powerful modification of theongimd harshness 
of the chasm. Still more abundant is the deposit of sedi- 
ment as the stream glides into lower ground. There, above 
iW narrow channel, rise the broad meads which, with 
(very fresh inundation, receive a new coat oi sediment, 
and above these swell the real boundaries of the valley, 
often i oiisisimg of w ater-worn materials, gravel and sand, 
left there by ancient floods of greuter # po\vir, flowing at 
a higher level. As we approach (he#sca, when the lida. 
cm rents meet the freshes, the suspension of motion per-* 
nuts u great part of what sediment, still remains to ills 
colour thv water in drop on the bed of the liver, and Us 
alluvial banks. Thus the streams become choked, llu n 
channels sinuous, their beds elevated, and the banks 
wlikli confine the river, heightened both by Nature and 
Ail, look like the ramparts and ten aces of a lofiv nuliMiy 
road rather than thebqundaneKof a river giving passage 
to the drainage ol the neighbouring country. 

The same process at the mouths of river^ pushes their 
channel and their bunks outwards into a cape or head- 
land, and contributes to extend the whole hie. with of the 
bordering coast, so that by the waste of the uplands the 
low land is filled up, the river-t iiamu Is are laised, the 
coast is extended into the sea, and the sen filled with 
shoals and Hand-banks. Thus the mouths ot the !\> t 
the Rhine, the Nik, the Euphrates, the Cianges, and the 
4 x 
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Mississippi, have formed for themselves those broad 
deltas which, within the Historic era, have transformed 
ancient ports into inland towns, and carried fertile pas- 
tures into the area of the sea. 

The substances transported by the stream, and depo- 
sited along its sides, are of course such as the hills 
around its sources, und above its channel, furnish ; and ac- 
cording to the nature of the country, the almost incessant 
accumulations of earthy matter which thus take place, 
may be varied by interposed layers of vegetable reliquiffi. 
In tropienl and warm regions, and in uninclosed Coun- 
tries, this must be the case to a far greater extent than 
ne acquaintance with European rivers would lead us to 
expect. The mighty forests of America, untouched by 
human industry, must annually furnish to the great 
rivers which intersect them, an immense spoil of trees, 
which being easily supported by the current, will be car- 
ried even to the sea, and either deposited at the river 
mouth, or drifted away on the waves. 

Tiie arrangement of the materials brought down by the 
streams is in general regulated by a tendency to the pro- 
duction of a level surface, and thus the original inequa- 
lities of a valley arc continually lessened. In a high region 
like the Alps, the tough streams leave in the higher level 
chiefly a col lection of pebbles and sand, and they are left in 
much local confusion ; but still the general effect is a uui- 
Tormly declining plane, through which the capricious 
stream finds itself new channels, and thus continually 
shifts its deposits over the whole, broad, pebbly surface 
Such effects may he well seen on the line of the Arve, as 
it hurries down from the glaciers of Savoy. On the con- 
trary, in the lower and more level expansions of a valley, 
where the gentler waters transport only fine sediment 
and vegetable reliquia 1 , these materials are arranged in 
most exact parallelism over a large extent of plane sur- 
face, and by counting the lamina? of deposition, some 
useful notion may be formed of the period occupied in 
the process. On the borders of streams which are pe- 
riodically swollen by rain, as in the Tropical regions, or 
by the melting wf snows, as in those which descend from 
high mountain countries, this mode of computation of 
the lamina? may even be trusted so far as to determine 
the number of years employed in producing a given 


depth of deposit ; and even in districts where the rivers 
swell irregularly at uncertain intervals, there might be 
an average rule for the same purpose deduced. Nor 
would the accumulipion of a short period of lime, 
tried by this test, appear inconsiderable. In a single 
season, the rivers of Yorkshire, aided by the sea. deposit 
many inches of rifli soil upon the level peat-moors 
whifeh adjoin their estuary ; and at Ferrybridge, at the 
point where the tide, formerly flowing up the river, neu- 
tralized the freshes of that river, many of thef modern 
works of man, as oars of a bout, a coin of England, 
.were found buried under the alluvial sediment, wfiich 
contained petrified hazel-branches and nuts, bones of 
the stag, &c. 

From what has been said of t ht? action of rivers, it is 
evident that their effects upon the physical features of a 
country are more varied and interesting than has been 
generally perceived by those who have written on the 
much controverted question of the origin of valleys. The 
tendency of all descending streams of water is the same, 
to equalize the surface of the earth, to remove all its 
ridges and asperities, and to smooth alt its gulfs and 
fissures. 

The degree in whicB they respectively perform this 


depends first on the amount of atmospheric and local (Most, 
influences ii\ wasting the surface of the higher gittamft Cm. iC 
and bringing materials for the rivers to act upon* 

Hence the rapid waste of high Alpine tracts exposed td 
fluctuating heat and cold, to storms, avalanches, anft 
glaciers. Hence the streams of sand and pebbles whicti 
rush from the gritstone hills of England, and, On the 
contrary, the almost unsullied purity of the springs 
which break from the carboniferous limestone. 

The second circumstance which determines the modi- 
fying power of the river is its own volume and velocity, 
and these are principally dependent on the physical 
geography of the xegion. The datum of the volume of 
water flbwing in any valley is principally useful for 
comparison with the amount of effects; tne kind of effect 
produced is determined by the velocity of the current. 

If we conceive that in its first fury a river may have 
power enough to sweep along even large blocks of stone, 
but that its velocity gradually diminishes, thefe will be 
a certain point, where these large blocks will be left by 
the enfeebled current, pebbles will roll further, coarse 
santl will travel beyond, and the finer sediment will be 
moved on till the hpjgind waters permit their slow and 
equal deposition. This gradation of deposits is always 
observed in examining valleys of sufficient length and 
elevations. The deposits in the upper parts are tumul- 
tuous and confused, in the lower regions level and 
regular. 

A third circumstance, of still more importance than 
the others, senes to regulate the action of the river. 

This is the form and character of the valley itself. 

However produced, there can be no question that the 
present aspect of almost every valley in the World, is 
smoother and more equalized than it v\as formerly, 
since we see evidently and take as a piinciple, that the 
characteristic effect of modern causes in a* tion is to 
reduce continually the inequality which remains. We 
may, therefore, easily, for each valley. reMoro in imagi- 
nation its ancient condition, rcmove*tfie sediment from 
its expanded meadows, and leaV v *, instead of level or 
gently sloping planes that wind smoothly round the 
hills, and ascend far up toward ihe sources of the stream, 
deep chasms between cliffs rein asunder by convulsion, 
and ridges of rock confused!) crossing the gulfs of the 
strata. That such has been the origin of many valleys, 
is perfectly evident. That these may luj.ve been partly 
cleared, and others wholly occasioned by violent floods, 
sweeping over and denudating the land during its ele- 
vation bom the sea, or by some violent eatafitrophe at a 
subsequent period, is also very probable, or rather may 
be considered as proved. But without epterin£"oii «- 
these questions, we may content ourselves with* the 
datum that the fundamental feajflres of valleys are not 
the result of the excavating action of fheir streams, but 
that valleys have been in part filled up by the accumula- 
tions brought by their own rivers, and thafcihcir present 
smoothness und uniformity is really the result of the 
modifying powers of the atmosphere, local influences and 
the river, exerted through long time upon u ruder chan- • 
nel, left by more violent and transitory agents. * 

Let us now sec what peculiarities jfl the effects of Rivers wit 
river^ are occasioned by the circumstance of their tra- 1* 100 ®" 
versing quiet lakes. Two things are here to be attended, 
to. First, the lake causes, according to its extent, > 
more complete deposition of the sediment brought by 
the rivers than is occasioned by the most level dry 
area of a valley ; secondly, the materials dropped ill 
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the lake are regulated by somewhat different laws from 
those which direct their accumulation on the cointhcm 
surface. 

When a river charged with sediment expands into the 
waters of a lake, its motion, communicated to that large 
area in directions radiating from the place of entry, 
relents, and is almost lost, and the sediment which it 
brought is gradually and, at last, wholly deposited in 
the lake, whose transparency it disturbs, and the puri- 
fied stream issues from the lower extremity without a 
single taint of its stormy origin, unless it be the colour 
of the mountain-peat, or some other substance held in 
chemical solution. Like the lake from which it escapes, 
or the ocean far from shore, it generally assumes the 
purest ethereal hue, its native tint of green or biue, but 
soon in its onw&rd course it again becomes turbid with 
sediment. Every lake in Swisserland exhibits these 
pleasing effects upon the rivers, which commonly enter 
in turbid violence, and issue of a lovely transparent 
greeu, but the Rhone is pre-eminently blue. These 
lakes are filling and contracting at their upper ends 
with the sediment which they filter from the rivers, and 
the process, though historically slow-, is monumentally 
impressive, since we perceive large tracts of level mea- 
dows cultivated, covered with treeVJ and adorned by 
ancient and modern towns, where formerly flowed the 
deep waters of the lake. 

All this new land w r as formed from the spoils and 
waste of the upper Count tics drained by the river, and it 
is ail exact measure ol the whole died of the atmo- 
spheric and local influences in weathering the face ol the 
hills, undo! the rivers in transporting away the materials 
thus piepared tor them Jtom the earliest period when 
the stieams began to flow down the actual vail*.;, 

The second tiling to be attended to in considering the 
effects of lakes on the line of mors, is the arrangement 
of the materials which the) receive. Tins is a subject 
jii which Mr. Yates's obsci vutions (Edinburgh Journal , 
18fll) will he found useful. It is known to practical 
men that loose earth will remain at rest if it be placed 
at an angle, not exceeding 45° with the hon/on, and 
when loose, earthy materials are poured from a height, 
they usually ariange themselves m a conical heap, 
whose sides make nearly this angle with the horizon. 
Outhe slopes ot mountains liable to avalanches or lapid 
waste, the loose debris is usually found in a plane de- 
dining at about this angle. When streams tailing over 
an edge, pour flith their waters a quantity of earthy 
matter, the conical heap so produced is very much more 
obtuse thiufcwhcn the materials fall dry, and the larger 
the propottion of wafer that comes down, and the more 
forcibly it descends, the flatter is the slope of the cone. 
This will easily be undeistood upon the principle that 
by partial suspension ii\ water each particle is influenced 
by the tendency that fluid to become level. 

It is easy to uudci stand from this that the fbvyn in 
which coarse sediment will he deposited by rivers enter- 
ing a lake, must be in a very obtuse cone radiating 
round the point of entrance. As the heap of' sediment 
is advanced into the lake by continual additions, its 
outline remains circular, with a larger radius, and 
its section will* be yearly level toward the land, but 
sloping more and more rapidly toward the interior of 
the lake. Were the particles to be arranged infobe- 
diencc to the double forces of horizontal movement 
with the river, and of perpendicularHlescent from gravi- 
tation, the curve of the* edge would t)c parabolic, and 



the surface left upon the sediment toward the land 
nearly level. 

But the earthy matter being unable to support itself 
at more than a certain angle of elevation, the lower part 
of the curve will become less steep, and be reduced to a 
straight line. Mr. Yates’s observations on the Swiss 
lakes led him to assign to the sediment left therein an 
outliuc of this kind. 

It is obvious that in these cases the sloping layers 
nearest the entrance of the stream are of older date 
than those further advanced into the lake. It is an 
interesting subject of inquiry to learn whether, as is 
most probable, the particles of the sediment which differ 
in bulk and specific gravity, are arranged according ip 
those qualities so as to constitute horizontal strata, 
of finer and coarser matter, &c. ; and whether, this being 
the ca.se, the sloping lines of deposition, &c. are visible or • 
obliterated in the section. In this manner the upper ends 
of lakes are filled with the deposits from the rivers almost to , 1 

the surface, and the dams of the lower ends of the lakes 
being worn away by the incessant action of ihe stream, 
these deposits become visible above the water, and con- 
stitute those smoothly declining, often moist surfaces, 
which usually confine witlmi their indefinite border the 
shallow and weedy waters destined in their turn to 
retreat from the desiccated land. While this process * 

proceeds near the shore with the coarser particles, it is 
obvious that the finer sediment will be carried further 
into the lake, and be spread more widely over Us 
general bed. 

These remarks apply only to deep lakes, whose waters 
rest tranquilly on their beds, and ure only agitated at 
the surface in shallow lakes, which are agitated to # 
the bottom, the materials must necessarily be distributed * 

in phuicN very nearly horizontal, in consequence of the 
impressions from the fluctuations of the surface. Tins 
is matter of daily observation. 

Before we dismiss the subject of lakes, it will l>e pro- Lacustrine 
per to take notice of another process tending also to fill I>q» 0 Mts. 
them with new deposits. Many streams which enter 
lakes carry along, dissolved in their wafers, a quantity 
ot carbonate of lime, which may afterwards, by the 
loss ol carbonic acid from the water, fall in calcareous 
sediment, and constitute beds of marl, or by the slow 
absorption of molhisra be converted to shells. In the 
latter case, beds of limna ir, pallidum:, Sic, are formed,, 
and as generally the light argillaceous sediment entering 
such lakes prett) equally diffused through the waters, 
the lesult is a bed of marly day full of flesh-water 
shells. This ptocess is daily going on, and in the course 
of a few vears canals and river course#, us well as ditches 
and ponds, are i linked by the abundant accumulation. 

In this manner, aided by occasional inundations, bring- 
ing layers of vegetable matter, or the detritus of the 
neighbouring country, have many old lakes beeqyne 
entirely filled up, and when cut open for any purpose, . 
present lasers of peat, ehi\, shell, marl, and sand, a faitli- 
tul image, on a small scale, of those great fresh- water 
deposits which mark the force and extent of ancient 
currents on the surface of the Earth 

The delivery of the sediment of riven; «uio quiet, DoHhn. 
tideless, land-locked seas is almost perfectly analogous 
to what happens in a large lake, but according to varia- 
tion of circumstances, as the river flov\^ into the open 
oce&n, aud contends with strong tides and sweeping 
currents, or disembogues itself into a gulf, enters deep 
or shallow water, the disposition ot Us sediment is diL * 

, 4 z 2 • 
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Geology. fercnt. The most remarkable deltas at the mouths of 
Gh. It. rivers are formed round such as empty themselves into 
tideless seas, as the Mediterranean, Black Sea, Caspian, 
Baltic, &c., or into comparatively quiet bays of the 
ocean, as the Bay of Bengal, the Gulf of Mexico ; and 
the least effects of this nature are occasioned on coasts 
which arc subject to be raked by lateral currants of the 
sea. 

Most of the great rivers which enter 'be Mediterra- 
nean arc daily increasing their deposits along the coasts, 
and spreading a quantity of sediment over the general 
bed of the sea. The Mediterranean has been proved by 
a line of soundings on the Skerki shoal from the African 
lex the Sicilian coast, varying unequally from 7 to 91 
fathoms, to be divided into two basins. - Jn the Western 
portion, near Gibraltar, the bottom, consisting of sand 
• and shells, has been reached at 5880 feet, and in the 
Straits at 4200 feet. Almost under the shore at 

♦ Nice the depth is 2000 feet; but in the Adriatic, where 
it receives the sediment of the Po and other rivers, in 
the upper part, the greatest depth is 22 fathoms. Yet 
from the abrupt borders of the hill ground within the 
area of the sedimentary land, it is inferred that the 

1 Adriatic must formerly have been a deep gulf. 

Nature oi Further from the influence of the rivers the depth 
th% deposits increases considerably. Donati, on dredging the bottom 
in gut!*, es- n f t}, e shallow portion of the Adriatic, found it to con- 
tuariesj &c. s j s ^ | Jar t|y n f mini, and partly of calcareous rock, en- 
closing shells, which are sometimes grouped in families. 
(Lyell, 237.) The form of these sedimentary deposits 
must be what in common language is called horizontal, 
the substance of them fine clay and calcareous matter 
, with shells, and as the ratio of accumulation is nearly 
uniform, there will be little appearance of strata, unless 
the calcareous deposits be accomplished at intervals. If 
by any effort ol subterranean forces this bed of the 
Adriatic should hereafter be elevated, and made dry 
land, as so many other extensive tracts along the borders 
of the Mediterranean have been, we should have an 
argillaceous deposit extremely similar to the London 
clay, and perhaps identical with the suhapenninc marls, 
except by some difference of organic remains, and of 
such an extent as would appear incredible to those who 
believe in the almost quiet slumber in modern times of 
the mechanical and chemical forces which Delong to our 
Globe. The same conclusions might be derived from 
an examination of the mouths of the Rhone, Volga, 
Danube, Ganges, Euphrates, &e. which enter the sea 
under the same favourable circumstances, and transport 
enormous quantities of fine sediment into comparatively 
tranquil and nowslftiliow waters. A river like the Missis- 
sippi, which hurries an enormous volume of deep waters, 
and preserves its velocity to the edge of the sea, dis- 
charges likewise a prodigious quantity of matter, which 
settles round its many mouths into a vast and growing 

• delta. But the kind of matter here deposited, an^l the 
mo<le of its arrangement will be different. Forests matted 
together by the growth of Ages, with all their founda- 
tions, their alligators, and other "inhabitants, are swept 
down by this mighty stream, and either retarded for a 

, time among its winding and variable channels, or hurried 
into the sea, and there, with quantities of similar mat- 
1 ter, agitated, and partially or completely separated into 

beds of earthy»and vegetable matter, the fetter vary- 
ing according to the prevalence of the many rivers which 
unite in the great stream, and thus the Gulf of Mexico 
* is now filling with deposits, which in no feeble degree 


emulate our old carboniferous strata. We are informed Geology, 
by Mr. Lyell, whose volumes are full of valuable infer* 
nmtion on all subjects connected with the modern opera* 
tions of natural agencies, that a great part of the new 
deposit at the mouth of the Rhone consists of calcareous 
and arenaceo-calcareons rock, containing broken shells 
of existing species ; and Captain Smyth ascertained 
that over the broad, very gently inclined bed of this 
growing delta, marine shelly were occasionally drifted 
by a South-West wind. In thir, way alternations of 
fresh-water and murine shells may be occasioned, in 
which the marine portions will predominate towards the 
sea and the fresh-water part be most decided toward the 
land. , 

The shorter and more rapid the course of a river, the 
larger and coarser is the sediment which it may be able 
to transport. While tins Po, relenting in its velocity, 
leaves its gravel where it joins the Trebia, West of Pia- 
cenza, 130 miles from the sea; and the Ganges 180 
miles above the commencement of its delta, and 400 
miles above the present line ol coast ; the rough bed of 
the Yorkshire Tees is pebbly quite down to llie sea; and 
the*st reams which descend bv a short and furious course 
from the Maritime Alps bear down pebbles into the 
Mediterranean. 

From these instructive examples of pebbly, sandy, 
argillaceous, and calcareous strata, forming at the same 
era, in different basins of the sea, and even in different 
parts of the same basin, enveloping entirely marine, 
entirely fresh-water, or a mixture of marine and fresh- 
water deposits, we may turn with advantage and plea- 
sure to the contemplation ol' the older strata of conglo- 
merate, sandstone, clay, marl, and limestone, and by 
carefully noting the points of agreement and circum- 
stances of difference, may frame very satisfactory notions 
of the conditions under which they were deposited re- 
spectively. Especially we may be guided in our decision 
concerning the extent and connection or separation of 
the several basins of the ancient Ocean, and the relative 
influence of ancient and modern rive r rf. 

Rivers which discharge themselves into the sea, where liars at the 
tides and currents contend with the freshes, may, as the mouth* 
Rhine, be enabled for a eei'ain time to deposit their r,vels ‘ 
sediment in a Delta, and to increase tins even to a vast 
degree, in consequence of their entering at a deep emar- 
ginatiou of the coast, or amidst shallow sands which' * 

impede the action of the tide. But in such a case, the 
accretion of land must gradually diminish, and at length 
the movements of the 4ea must balance the current of the 
river. In this case a line of saml-banks wifi be formed 
varying in position according to the alternate predomi- 
nance of the contending forces, and the entrance of^the/ 
river will have a bar. The Rhine, the«Thumes, aiyil all 
the Eastern rivers of Euglund tire nearly in the same 
case. The sea, indeed, has ugain reclaimed from the 
Rhine, by most destructive floods, the large spaces of 
the Zuyder Zee and the Hies Boos. , 

Thus also the growth of the Nilotic Delta, once so 
rapid, is greatly retarded or almost annihilated by a 
current of the Mediterranean ; and the rivers of Western # 
Africa, as well as the mighty Maranou,no longer extend 
themselves into the sea, but meet its currents in furious 
strife drop the sand at their mouths, and resign their 
finer sediment to the disposal of the conqueror. The 
distance to which the Ocean can waft this sectiroanl 
on its surface along with fresh water is very great. 

Captain Sabine supposes himself to have craped the 
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Geology. discoloured waters of the Maranon 300 miles froiji its 
Ch. It mouth, where it still retained its comparative levity, and 
kept its place on the surface of the sea. 

Thus may the sediments of distant Countries be mixed 
pr alternately deposited far from shore, arid even in the 
<leep sea, a fact of great interest to Geology. The dis- 
tinctness of currents of water which flow down the same 
river channel, even with a rapid descent, has often been 
noticed. Thus the Arve rtnd the Rhone flow far with- 
out mixing, the Nah^ tnkes one side of 1 the Rhine, and 
even in the mining districts of England, the discoloured 
* streams from the different valleys can often be distin- 
guished along considerable lengths of the united river. 

We shall not further extend our remarks on this sub- 
ject than by # stating a few instances of tffc actual 
surface of the Deltas of great rivers. The whole area 
of the dry Delta of the Po and the Adige, and other 
rivers which contribute to the effect cm the same line of 
coast, must exceed 2000 square miles, and within the 
last 2000 years a Space of 100 miles in length, and from 
2 to 20 miles in breadth, has been added to the land. 
The area of the Nilotic Delta is about 12,000 miles, 
and according to Girard the surface of Upper K^ypt 
Ims been raised by the sediment sy^ec the Christian era 
0 feet 4 inches; of the Rhone I £>00 square miles; of 
the Qtinrru 25,000 square miles, (Dr. Fitton, Geology 
of Must inns ) 

The Della of the Ganges, without reckoning that of 
the Brurampnotrii, which has now become conterminous, 
is considerably more than double that of the Nile, ami 
its head commences at a distance of 220 miles in a 
direct line from the sea. The base of this magnificent 
Della is 200 miles in length. (L\e!l.) 

The feu lands of Lincolnshire, Huntingdonshire, and 
Cambridgeshire occupy 1000 square miles, and the 
•levels in connection with the Humber 300 or 400. 

It has been attempted to deduce the age of our conti- 
nents for the rate of increase of the Deltas of rivers 
within the Historic era. Thus the Nile was supposed by 
Herodotus to haw formed Lower Egypt; and he states 
that if diverted into tile Red Sea, it would (ill that gulf 
with itfc deposits in less than 20,000, or even 10,000 
years. Since the time of Herodotus it is supposed t\n\t 
the increase on the Nilttic Delta has been upon an 
average, one mile and a quarter. The average annual 
- growth of the Delta of the Po, opposite Adrm, which 
was once -on Ihe edge of the Adriatic, was, from 1200 
to 1600 a. c., 25 ^metres, and irom 1000 to 1800,70 
metres ; a very rap'id increase of rate, probably connected 
with the increasing shallowness of the sea. (Lyell, Prut- 
. cip/ex of Geology.) 

• Hut all inferences from observations of this nature, 
and similar on*s on the shallowing and conversion to 
land of the upper e.ndfj of lakes, cun lead only to merely 
speculative resiflts without the knowledge of a datum 
very difficult to be obtained, viz. the original cteptli of 
the sea, at All points over which the river sediment has 
flowed ; for it is not by the area of the Delta, but by 
the cubic content of the sediment transported that the 
• time occupied in the process is to be ascertained. How r 

Is this to Lie determined ? 

Che Sea. Aft the acLffrn of’ rivers is of two kinds, erosive and 
transporting, so is that of the sea. In one place jts fury 
. # excavates the cliffs, and devours a whole country, in 

‘another every tide adds nedimen^ to a growing shore, 
lengthens the fields, and extends thv parishes, till what 
was once a broad bay becomes a fertile marsh, and the 


town which was once a flourishing port is faT removed fiWwry* 
from the waves, and never visited by commerce. These 
different effects depend principally upon the circum- 
stances under which the earthy materials are presented 
to the waters. Cliffs exposed to the sea are either Wasting of 
slowly decomposed .by its vapours, and crumble piece- Cliffs, h 
meal, or undermined at the base, and no caused to fall 
in ruinous heaps. Even the hardest rocks that begird 
the Ocean are more or less wasted away by its never- 
ceasing attacks, conjoined with the common atmospherical 
agents. Soft places are scooped into caverns, joints are 
widened, and blocks loosened, and thus, by little and 
little, every high coast recedes and yields in ore or less 
ground to the insatiable waves. But cliffs composed 
alternately of softer and harder strata, especially if there 
be any dislocation, are quickly eaten away, and still more 
rapid destruction falls annually on the crumbling di- • 
lu vial clays and loose gravelly cliffs which margin so 
great an extent of the coast of England. The whole ofc 
the English coast may be cited for cases of this im- 
portant wasting of the cliffs, and in particular the 
diluvial cliffs of Yorkshire and Norfolk. In the former 
C ounty it seems to be ascertained, by careful measure- 
ments at many points, repeated after intervals of many 
years, that the annual loss of land on the whole length of 
Holderness, is not less than 2 yards in breadth annually. 

TJie average loss on the coast of Norfolk between 
Weyhurn and Thermgham is about 1 yard per annum, 
on the coast of Thanet 2 or 3 feet. Rut these same 
coasts likewise exhibit, on an equally grand scale, 
the formation of nnv /and from the materials thus do- Extension 
taehed from the old. The materials which fall from ihe ^ i ^ arh ^’ 
c liffs are sorted by the tide, and according to their bulk • 
and weight are differently disposed of. As in many ai- * 

tifi.'ial processes of washing powders the sediment is 
divided into parts of different fineness by merely shaking 
it at different distances or depths in the stream of water, 
so it is in the great currents of the sea Large stones 
remain a long time at the foot of the cliff from which 
they fell, smaller masses yield something to the impetus 
ot the waters, sand and pebbles are <1 rifted along the 
shore according to the set of the tide, and collected into 
bays and hollows of the coast, or deposited in a line of 
moving beach ; but the finer clays arc transported far 
away in the waters, and allowed to settle only where 
these rest in land-locked gulfs, stagnate cner weedy 
marshes, or lose their force in contest with the freshes. 

The breadth of the sandy beache^ thus accumulated is 
often very great, even many miles of slow and regular 
descent. The sand-banks which stretch out so far from 
the low coasts are often regarded As remains of ancient 
lands overwhelmed by the sea, but in most cases they are 
probably recent formations, accumulated by the waves 
Irom thfc spoils of other regions. But what is thus lett 
by the sea under some circumstances, may be again re- 
clojmed by it under others. The once fertile district 
called North Friesland, most probably accumulated 
by the sea, measuring From nine to eleven geographical 
miles from North to "South, and six to eight frpm East 
to West, was in 1240 entirely severed Irom the conti- 
nent, and in part overwhelmed. The Iwtoud of North- 
strand, thus formed, was, towards the end of the XVIth 
Century only four geographical miles in circumference, 
but still waft richly cultivated and populous. At last, in 
1634, in one night, the 11th of October, a flood passed 
over the whole island, whereby one thousand three hun- 
dred houxes, with many churches, were lost, fifty thou- > 
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sand head of cattle and above six thousand men perished. 
Three small isles alone remain, and they are still further 
v was ^ D g (Lyell.) It may often be remarked that sub* 

stances thrown into the sea are not carried down nfc 
once to its depths, but rejected many times to the shore, 
in the direction of the tidal currents. This happens 
especially with all light, small, and easily moved bodies ;■ 
but the case is different with the large blocks of stone, 
which, continually pressing by their weight downwards, 
are for the most part gradually withdrawn from the base 
of the cliff sunk in the beach, and rolled down to the 
deep. 

In this manner, when the circumstances admit of it, 
thri whole coast is in motion, every high cliff wastes 
away, the low grounds stretch out, the beach widens 
and again contracts, shifts upwards and downwards, and 

* travels along, and thus amidst the extremes of constant 
fluctuation and change, new deposits are continually 
udded to the quiet depths of the sea, and to the lowest 
parts of the land. As far out as the fluctuations of the 
waves can influence the bottom of the sea, the new de- 
posits, where uninfluenced by currents, must become 
nearly horizontal ; in greater depths it seems reasonable 
to suppose that the. materials will be arranged nearly as 
in deep lakes ; and under the cliffs, the beach being 
only at intervals exposed to the rush of ascending and 
descending waves, must have its surface inclined at cor- 
responding angles. 

We have no accurate data on which to found an 
opinion concerning the utmost depth to which the influ- 
ence of the superficial undulations of water may extend. 
The influence of the tidal and other currents of the sea 

♦ must extend to a great depth, and tend to equalize 
into nearly horizontal strata the loose materials collected 
from the waste of the land. 

( oral These extensive deposits of sand and clay are, however, 

islands, &c. hot the whole of the productions of the sea. The < )cean 
indeed is but a large lake, and, besides the mechanical 
effects on its borders, is subject to various chemical 
changes, and to the unceasing agency of the functions ot 
Organic Beings. " Into that vast repository there flow 
annually great quantities of soluble matter of various 
kinds, and it is quite conceivable that by the interchange 
of their elements some chemical deposits may happen. 
It is also not unreasonable to admit that many exhala- 
tions rising from the bed of the sea may cooperate in 
such effects. But there is one ascertained cause inces- 
santly m operation which probably occasions more ex- 
tensive and permanent precipitation of carbonate of lime 
than any other process, the growth of jgpophyta, shells, 
and Crustacea. However small may be the quantity oi 
calcareous matter suspended in water, the molluscous 
and zoophuic animals, which require such matter for 
• their stony supports, are sure to possess themselves of it; 

and as corals and shells remain when their tenants dis- 
solve away in the water, the bed of the sea is continually 
receiving important additions from this source alone. 
Besides these, the cast shells of Crustacea, the teeth, and 
sometimes the skeletons of fished and cetacea, must 


contribute no mean quota to the growing stock, It is Q«%, 
perhaps yet an undetermined question to what depths GfeuII. 
in the sea light and the vital influence of the atmosphere 
can sustain the growth of plants and animals. We may, 
however, safely believe that the extreme gulfs of the 
sea are as devoid of organic life us the central solitudes 
of a sandy desert, while the borders of the one, and 
the shores of the other, teem with innumerable forms oi 
life. r 

It. was formerly supposed that those immense reefs of 
coral which divide the waters of the Pacific Ocean, and 
rear themselves above the waves into associated islands/ 
arose from the deepest parts of the sea, in perpendicular 
walls. But iriatiyMbservalions by Captain Bccchcy and 
other nd’vigators, upon the crater form j/vhich the coral 
islands generally assume, ami the volcanic rocks upon 
which they are frequently based, have produced a very 
general impression that the polypean races do not exist 
except at moderate depths. Captain Beechey found the 
coral of Duties island to be forming at a depth of oue 
hundred and eighty teet. 

The quantity ot carbonate of lime thus produced by 
the Coral animals, with the addition of shells, &e. enve- 
loped by them in thjqr progress, is really enormous, and 
might almost justify those Geologists who think that our 
stratified limestones are wholly derived from commi- 
nuted shells and zoophytes. A great proportion of all 
the low islands m the South Pucitic Ocean is the work of 
zoophytes, and new islands are daily in progress, and sub- 
marine reels of so great extent that Captain King found 
a continued line ot coi&l reef 7d0 miles in length, from 
the North-East coast ot Australia towards New' Guinea. 

It was interrupted only by a tew intervals not. exceed- 
ing m the whole 30 miles m length. These reefs consist 
in great part of compact limestone, and Mr. Lyell com- 
pines them to the ancient calcareous rocks ot the basins* 
of Europe and North Amcncu. 

Tins comparison, so just as to quantity of material, 
must not be extended to the structure and arrangement 
of the several masses. The rocks oi c;»ifloiulcroux lime- 
stone have indeed derived a large part ot then materials 
from the calcareous secretions of polypean and mollus- 
cous animals; but the matenals can have been pul 
into their pi esent stratified form only by the ordinary me- 
chanic.!! action of water upon them. A modern coral 
reef might, by long movement in water, be ground up . 
into something like a limestone bed, but jflie sharpness 
ol the angles ot the ornamented tbssiis of all the old cal- 
careous strata appears lo disclaim such an origin lor 
these rock:,. At the same time it is to Unobserved that 
I lie corals and oLher zoophylic reliquiae, which abound 
in some ot our limestones, very seldom appear to be*ln 
their ordinary places of growth, but rather seem to have 
been subject to some drilling, lift corals may therefore 
in ancient times have grown in reefs, a£'al present, and 
tins mity perhaps be the nuwn ?f their irregular and 
unequal dispersion in the rocks— -a tact particularly re- 
markable in die coralline oolite.. 
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CHAPTER III. 

DESCRIPTION OF THE RO<?KS PRODUCED BY IGNEOUS AGENCY. 


Neology. Introduction. 

cu. j N (] ie preceding Chapter we described the series of 
aqueous deposits which contribute to form the crust of 
the Globe, commencing our account with those of the 
earliest date, and terminating it with the consideration 
of the most modern. * 

In the present Chapter a similar order cannot be ob- 
served, inasmuch as in the case of the igneous forma- 
tions which it becomes our next business to consider, 
we do not possess those criteria, derived from the order 
of superposition, and the nature of the imbedded fossils, 
by the aid of which we were enabled to determine in the 
former instance the question of relative antiquity. 

Neither, indeed, are we entitled to take for granted in 
limine the igneous origin of all the rocks which will 
full under our review, seeing that some of them have, 
until very recently, been attributed fo causes of quite a 
different character, und that even at the present day they 
are regarded by some Geologists as of questionable 
formation. 

ft will be more satisfactory, therefore, in the pre- 
sent Chapter, to reverse the order of arrangement 
adopted in the preceding one ; considering in the first 
place those operations of an igneous desenption which 
are going on in the interior of the Earth at the pie*-ent 
day, tracing the effects which have arisen from similar 
causes operating during the historical period, and thus 
gradually ascending to the consideration of such appa- 
rently analogous phenomena, us may seem referable to 
those same agencies, acting at a still more remote era, 
and under circumstances in some respects different. 

In tills manner, we shall be best enabled to pronounce 
upon the origin of such rocks us deviate too widely 
from the structure and constitution of the products of 
igneous action which we see at present forming, to be 
referred at once and without examination to the same 
cause, and which, whatever may be their exact date, are 
at least not seen to be produced by causes now in opera- 
tion. 

Proceeding, Fhen, from the known to the unknown, re- 
ferring in the first instance all that is possible to exist- 
ing agendas, apd preferring to explain the remainder, 
by assuming a greater intensity of the same forces, 

* rather than the influence of others of u different kind, 

* we shall ccttisidej it our primary object to treat of volcanos 

at present in action; .these being confessedly the most 
powerful and widely diffused of the igneous agents 
which are at work. * 

We shall therefore inquire, what phenomena, observed 
to take pi ace* under present circumstances, may reason- 
ably be aitributcd to such a cause ; and if it should ap- 
pear, that all the changes of any importance going on 
* o/i the Earth’s surface which remain to be discussed, 

may without difficulty lie referred to its agency, our 
task will then be greatly simplified, inasmuch as it will 
be limited to the consideration, in the first place, of^xist- 
• dqg volcanos and their consequences, and secondly of those 
, which are extinct ; after which we shall proceed to inquire 
into the nuture of those granitic roeas and of others, 
which have protruded themselves, at different, though 


always at epochs antecedent to the present, through the Geology, 
aqueous deposits which compose the crust of the Globe, ^ 

PART I. 

ON ROCKS PRODUCED BY IGNEOUS OPERATIONS 
OF A SIMILAR NATURE TO THOSK NOW • 

TAKING PLACE. 

t 

Section 1. • 

Description of Vulcanic Phenomena in different Parts of % 

the World. * 

General Notion of Volcanic Action. 

If we contemplate a volcano whilst in a state of vigorous 
action, the phenomena presented to us are at once so « 

peculiar and so impressive, that it 'would seem unneces- 
sary to be at the trouble of defining that, which the % 

commonest observer could hardly fail to recognise again, 
in whatever part of the Globe it might fall under his ob- 
servation. 

Thg evolution of smoke and ignited matter from an 
orifice in the Earth, generally situated on the summit or 
flanks of a conical mountain, the ejection of fragments 
and scoriae, bearing a near resemblance in their condi- # 
lion and aspect to the slag of an iron foundery, the sudden ® 

and copious extrication of elastic fluids, with their natural 
concomitants, noise and a concussion of the rocks through 
which they force their way, are circumstances which 
strikingly impress upon the imagination the paroxysms 
of volcanic action, and appear to distinguish this from 
nil the other operations of Nature. 

Accordingly from the earliest periods.the existence of 
volcanos had excited attention, and their leading phe- 
nomena were pretty correctly described. They have 
supplied a groundwork for the superstitions of the vul- 
gar, and tor the speculations of the philosopher, and 
much of our present knowledge with regard to the cha- 
racter, extent, and date of their operations, may be col- 
lected from (he incidental notices of them, transmitted 
to us by the Historians, and eveft by the Poets of an- 
tiquity. , 

Nevertheless, when we examine# the subject more 
attentively, difficulties occur with respect to the neal 
relation borne by them to several of those phenomena, 
which fropi some obvious feature of similarity have been 
regarded as their offspring. ^ 

It, in conformity to the vulgar idea, all burning moun- 
tainS are ranked amongst volcanos, we admit into the 
same class a variety of incongruous appearances, which 
possess indeed no one pharacter in common, except that 
of being accompanied, with what seems at least to be 
an emission of flame, and which are therefore assignable 
in all probability to causes of many different kinds. If, 
on the contrary, none, but such as present this obvious • 

resemblance to existing volcanos, are to be included in 
our definition, we lose the advantage of considering a 
series of effects, evidently allied to the subject before ua, 
and perhaps equally illustrative of its real nuture. ^ . 

How different, for example, are.the eruptions of \ esu- 
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Gwlocy. vius and Etna, in kind as well as in degree, from the 
Oh. 111. emanations of gas and aqueous vapour, which proceed 
ti mes f rom the sulphureous soil at Macaluba in Sicily, 
from the foot of the Apennines near Modena, and still 
♦ more remarkably, it is said, in Crim Tartary, and in 

the neighbourhood of the Caspiail ; or from the emissions 
of gas now observed at Pietra Mala, between Bologna 
and Florence, and the spontaneous fire (as it was be- 
lieved to be) which in ancient times added to the super- 
stitious reverence entertained for the sacred peaks of 
Parnassus, 

On the other hand, if we consider the character of the 
phenomena exhibited, how intimate is the connection be- 
f tween the eruptions of Vesuvius and the earthquakes or 

• hot springs in its vicinity; and, looking only to the 
« nature and constitution of the mineral products, how 
impossible is it to draw a line between those which have 
4 , evidently resulted from its eruptions in modern times, 

and many rocks in the contiguous country, where nothing 
of a volcanic nature has as yet been noticed as occur- 
ring. 


, . Phenomena attributable to Volcanic Action . 

In order, therefore, to establish a sufficiently broad 
• basis on which to ground any general conclusions with 

regard to the agency oft his cause throughout Nature, it 
seems necessary to settle in the first, place, what pheno- 
mena, independently of those more palpable ones which 
first occur to the imagination, are to be regarded as 
indicative of volcanic action, exerted under the same 
circumstances as at present, though, possibly, at a very 
4 « remote period. 

It is clear, that the date of the eruption, which gave 
rise to these effects, will be immaterial to our present 

• purpose, provided we possess an equal certainty as to 
its reality : and we shall be entitled to avail ourselves of 
the evidence to be derived from extinct as well as exist- 
ing volcanos, just as the traveller, who should endea- 
vour to collect proofs of the existence of iron fouuderies 
in an unknown* country, might be at liberty to infer 
their presence, not only in places where they were at 
the time established, but also wherever such accumula- 
tions of slag and scoria* were found, as could only have 
arisen from the same formerly in operation. 

• Phenomena admitted to be Volca?iic . 

Now the circumstances, which may be held sufficient 
to substantiate the existence of volcanic operations, of 
a description similar to those now proceeding, are de- 
rived from three sources : 

1. Indications of internal commotion; manifested in 

# .• the ejection of heated stones and scoria*, the emission of 

lava currents, and the evolution of aqueous vapour, to- 
gether with certain gases hereafter to be described. 

2. The structure and appearance of the masses taken 

• collectively; namely, the existence of a mountain ap- 

proaching to a conical form, and composed either wholly, 
or At feast superficially, of strata, possessing what is 
called a quagukversal dip, or sloping away in all direc- 

• tions from a common centre, where some vestiges at 
9 least remain of a crater-shaped cavity. 

3. The condition of the individual rocks themselves ; 
namely, the pre&nce in them in a greater or less degree, 
of a vitreous aspect and cellular structure, with a corre- 
sponding chemical constitution, in which some of the 
combinations of silic% with the alkalies and alkaline 


earths form the prevailing, or, at least, the most constant 
ingredients. 

Now we have no evidence, that either the mechanical' 
or chemical characters above described have ever re- 
sulted from aqueous solution, whilst both the one and 
the other are familiar to us, as the effects, not only of 
volcanos, but also of artificial heat. 

Without, however, preteqding in this stage of the 
inquiry to assert, that the constitution of the mineral 
masses above assigned is sufficient in itself to establish 
the action of heat, we may be justified in concluding, 
that where it is conjoined with the cellular structure and 
glassy aspect alky led to, it may fairly be assumed to 
owe its rrigin to volcanic operations. In many, indeed, 
of those of modern date, the cooling appears to have 
been too rapid, to allow of any crystalline arrangement 
of the constituents taking place; and in a still larger 
proportion, though numerous crystals of augite, horn- 
blende, and other minerals, may be disseminated, yet 
the basis of the rock cannot be identified with any 
known mineral or mixture of minerals, though appa- 
rently made up of augite and felspar in various propor- 
tions, and consequently presenting all shades of colour 
from grey to black*/ In these cases, the vitreous cha- 
racter, which more or less completely belongs to the 
rock, is sufficiently conclusive as to its origin, but the 
mineral composition con only be inferred from analogy, 
at least by common observers, who want either the 
patience or adroitness to adopt the mechanical method 
of examination, by which M. Cordier, it is said, con- 
trives to separate and distinguish minerals too inti- 
mately blended to be recognisable by the eye or the 
lens. Indeed, the very employment of this method pre- 
supposes a certain confused crystallization, and is, by 
M. Coni ier’s own confession, inapplicable to many vol- 
canic products, which, after having undergone fusion, 
were placed under circumstances precluding any new 
arrangement of the particles from taking place. Yet, 
wherever this is not the case, or what, practically speak- 
ing, comes to the same thing, where /er the component 
minerals are not too much blended together to be de- 
terminable, we generally find, that the basis of the rock 
is of a felspathic nature, rendered porphyritic by the 
presence of crystals, either* of the glassy variety of 
felspar, or of some mineral of the hornblende or pyrox- 
cnie families. 

The presence of the two latter, in sufficient quantity 
to impart their characters to the mass, stamps it as be- 
longing to that class of volcanic products whigh has been 
denominated basaltic, and distinguishes it from the 
more purely felspathic kind, in which si^ch ingredients 
are only of scanty and partial occurrence. 

The lutter cluss of ignigenons # products, which <Jim- 
si fits for the most part of compact felspar, with crystals 
of glassy felspar imbedded, (owing to the harsh ami 
gritty feel belonging to most of its varieties,) has been 
denominated trachyte, from the Greek wdrd, (r/mx V9 » 
rough ;) it has been observed by Von Buch and Hum- 
boldt to form, as it were, the basis of many existing vol- 
canos, and even constitutes the material of certain lavas 
apparently of modern formation. 

Amongst extinct volcanos, many entire mountains, 
and e*/en vast tracts of country appear to be composed 
of this rock, which, whilst it passes on the one hand into, 
clinkstones and plwnoJites similar to those occurring 
in the trap formations* graduates on the other into 
the species of volcanic products above al uded to* in 
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Geology' proportion as crystals of augite and hornblende begin to 
Oh. HI. DC superadded to those of glassy felspar, which are essen- 
***s/m~> fiat to it. 

The Becond class of volcanic products, distinguished 
. by the predominance of these minerals, has been deno- 
minated by Mr. Scrope greystone ; and as this term has 
a more English cast than the corresponding one, te- 
pkrine , which M. Brongniart had imposed upon rocks 
ao constituted, it may be convenient to adopt it. 

The greater part of modern lavas, whose constitution 
can be made out, appear to be composed of this species 
of rock, which is of course divided into a number of 
varieties, by the presence of sundry accidental ingredients, 
such as olivine, micu, titaniferous iron, and thg like. In 
one or othea of these classes, all volcanic rocks may 
probably be arranged which possess any discernible 
mineral structure ; and those, in which fusion and rapid 
cooling has obliterated all traces of this kind, may 
nevertheless be referred with some degree of probability 
to one or the other. 

Thus the pearlstones and the white pumices appear, 
from their chemical composition, as well as their ex- 
ternal aspect, to be derived from trachyte; tfie absence 
of the materials of augite and h<**ibleude being evinced 
from their not containing iron ; whilst the obsidians and 
the lithoid lavas generally partake of the character of 
greystone, the proportion of oxide of iron serving to 
show (even where their mineral structure is uridis- 
cernible) that augite has contributed to their formation. 
The same remark, indeed, applies to the case of basalts, 
properly so called; and the difference of structure which 
is discernible in passing from the obsidians to the true 
basalts, between which the different varieties of modern 
lavas seem to be, as it were, the connecting links, indi- 
cates, that they have been all derived from some com- 
mon matrix, which, after having undergone fusion, had 
cooled under different circumstances. 

The only exception to this, is the larger quantity of 
alkali present in certain obsidians than in basalts and 
Jjivas ; a circumstance which maj, perhaps, enable us to 
explain, how it happens that this mineral, which we are 
disposed to attribute in general to sudden cooling, shall 
nevertheless he found occasionally to constitute streams 
of considerable size and thickness, where we might 
therefore expect lithoidal lava to have been produced. 

. The rocks above noticed may each of' them exist 
under several different modifications of form and aspect ; 
they may occur, either as loosj, detached blocks, ejected, 
probably, in a solid, or, at least, a semi-fluid state from 
the crater, flr as the constituents of a kind of tuff; 
fragments of various sizes being imbedded in a sort of 
* loose irpn-clay or sand, denominated puzzolana ; or, 
lastly, they may constitute a bed of lava, which once 
issued in a continuAys stream from the interior of the 
volcano, whilsf in a state of vehement activity. 

To give to such materials in all the above Cases the 
name of Wiva, as some Geologists have chosen to do, is 
obviously incorrect; this term having reference, properly 
speaking, not to the particular constitution, chemical or 
mechanical, of the mass, but to the mode of its ejection 
* from the volcano; and being, therefore, improperly 
applied to rdfcks which appear to have been projected in 
deiachcd fragments into the air, and never have 
formed part of a current of melted matter. 

We likewise coincide with M r. # Scrope in condemning 
the limitation of the term trachyte to felspathic rocks of 
a particular age and position, thus excluding those lavas 
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which possess corresponding mineral characters. That Geology* 
rocks agreeing altogether in mechanical structure and Ch* JIL 
aspect with the trachytes of tertiary formations are un* ■ L -* T v r ^ r,|Jl 
common amongst the older rocks, may, indeed, be true; 
but to lay down as a rule that the porphyries of one par- 
ticular age yre alone to have this title, is to prejudge 
the question, and to proceed on quite a wrong principle 
in framing our nomenclature. 

\ 

Division of Volcanic Products according to their rtifative 
Ages. 

Volcanic products have been distinguished by some 
Geologists according to their relative aiftiquity; those 
which appear to have been ejected antecedently to the 
period of the excavation of the contiguous valleys being 
denominated antediluvial , and those of subsequent ejec-* 
tion postdiluvial . Others have objected to this distinc- 
tion as involving an hypothesis; since, as we have seen, 
it is still a question of debate whether valleys of de- 
nudation have been produced by short periods of ge- 
neral convulsion, or by the continual operation of rains 
and torrents, acting with only their present force and 
violence. Perhaps, however, the terms may still be ad- 
mitted by Geologists, of whatever school, with the same 
mental reservation, as that, with which many have been 
jn the habit of employing the corresponding ones, of 
diluvial deposits, diluvial gravel, and the like. They 
serve to distinguish the relative antiquity of the rocks so 
classified, with greater precision than the terms of ancient 
and modern, which it has been proposed to substitute, 
since they refer to a definite standard, which leaves no 
doubt in the mind as to the sense in which we employ » 
the word antiquity in our Geological language. 

Without some such understanding, indeed, the vol- 
canic rocks in Auvergne might be called ancient, with 
reference to those of the Vivarais, though they are mo- 
dern when compared with others in their own neighbour- 
hood ; whilst in either point of view they must be 
regarded as postdiluvial, since their relation to the 
valleys of the country is such, as to prove, that no great 
changes have taken place in the configuration of the 
surface, since they were ejected. 

Even if it be true, as Mr. Scrope contends, that there 
are lava currents in some of these volcanic districts, as 
in Auvergne, which appear to be antecedent to some of 
the valleys of the country, and posterior to others, then 
will still be nothing to precludg us from applying the 
above denomination to cases in which this cause of un- 
certainty does not exist. • 

• 

Postdiluvial Volcanic Hocks. 

Now the importance of distinguishing the relative 
ages of volcanic rocks, in the manner above proposed, 
will be evident from considering, that the two classes 
commonly differ one from the other in aspect and struc- 
ture. The postdiluvial volcanic products having, in 
almost all the cases in which they come under our ex- 
amination, been ejected in the open air, and, conse- 
quently, for reasons which will be afterwards explained, 
having in general cooled more rapidly, present for the 
most part a harsher feel and more of a vitreous aspect ; 
whilst from the character of their component masses, even 
more perhaps than from the shorter period, during which 
their surfaees'have been exposed to atmospheric action, 
they are but partially covered with soil, and admit, consc* 
quently of but a scanty and inferior pasturage. 
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For the seme reason, they consist more commonly of 
those volcanic products, in which the constituent parts 
ace blended together so as to be undistingui$hable, 
though from their general appearance, and from the 
character of those portions in which the mineral compo- 
sition may he discerned, it would appear, that basaltic 
lava or greystone predominates over the purely trachy- 
tic, in those modern volcanos with which we are best 
acquainted. 

Antediluvial Volcanic Rocks . 

The antedilpvial volcanic rocks, on the contrary, are 
not only characterised by valleys of precisely the same 
kimi as those which intersect the contiguous country, 
but likewise, by a greater tendency to crystallization in 
.♦heir constituent parts, by a greater predominance of 
felspar, by the occurrence of masses sometimes in no 
way distinguishable from the basalts and greenstones of 
the trap formations, and still more frequently exhibiting 
a nearer approach to them, than is observable amongst 
the products of igneous action at the present day. 
Though frequently cellular, their cells have not that 
glazed internal surface which characterises many mo- 
dem lavas, and are usually more or less completely 
filled with crystals of carbonate of lime, zeolite, and 
other minerals, which are not so frequently found 
amongst postdiluvial lavas. 

What variation in the circumstances under which the 
former were ejected could have given rise to these dif- 
ferences , will form a subject for future inquiry : at present 
it is only necessary to point them out, us a reason for 
distinguishing volcanic rocks into two classes according 
*to their relative antiquity, those ages being determined, 
either by their shaping their course in conformity to the 
present configuration of the country, or being themselves 
intersected by the so called valleys of denudation. The 
opinion which may be entertained with regard to the 
origin of such valleys, will not materially affect the ques- 
tion as to the propriety of availing ourselves of such a 
distinction ; since the vast difference, between the width 
and depth of the valleys which in many cases intersect 
the older volcanic rocks, and that of the ravines which 
evince the actiou of existing causes upon the modern , 
proves, that if the same agencies, operating with their 
present intensity, have produced the former, it can only 
have been after a lapse of ages beyond comparison 
greater. 

In Auvergne, forinsttfhee, where the most modern vol- 
canos appear to have been anterior to the Christian Era, 
the utmost amount ofethe excavation effected in them by 
present causes, is to produce a ravine or water-course, in 
some instances, indeed, as much as from fifty to seventy 
feet in depth, but still of very inconsiderable breadth ; 
whilst the ancient volcanic rocks are characterised by 
valleys possessing the easy and gradual slope of those 
which belong to the older rocks of the country, arftl 
like them, often many hundred feet in depth, and per- 
haps a mile or two in diameter. , Another important 
distinction in the character of volcanic products, depends 
upon tile situation of the point in the Earth’s cru 9 t on 
which the eruption breaks out, and in particular upon its 
occurrence either in the open air or under deep water. We 
say, deep water, because iti shallows no great influence 
could be expected to be exerted, and the phenomena would 
therefore resemble those which take place in air. But, 
between the* nature of products arising from the same 
volcanic action, under the pressure of only one, or 


of a thousand atmospheres, considerable difference might 
be anticipated ; and hence it becomes proper in limine €h, j 
to mark the distinction designating the former class 
of volcanos as subaerial , the latter as subaqueous . 

The characters of these two classes will be considered • , 
afterwards ; but in the first place we will proceed to give 
a brief description of the principal foci of volcanic action 
distributed over the face of tlye Globe, conceiving, (hat 
by so doing, we shall enable our readers to obtain a 
better notion of the general character of the phenomena 
themselves, than could be gathered from any more ab- 
stract account of them. 

We shall, therefore, begin with the vicinity of Naples, 
not only ar supplying us with one of the longest known, 
and best described instances of volcanic?’ agency that 
exist, but likewise as exhibiting these phenomena under 
all their various phases of activity, contrasting the effects 
produced in earlier periods of the World with those 
going on at the present. 

Vesuvius . 

• 

To the East of the Bay of Naples rises the most re- 
cent of the volcanos •rt»et with in that neighbourhood, 
and the only one at present in complete activity. 

The date of that part of the mountain properly called 
Vesuvius, or rather of its cone, perhaps does not go 
further back than the period of the famous eruption of 
a. d. 79, in which Herculaneum and Pompeii were de- 
stroyed ; for the ancient writers never speak of the 

mountain as consisting of two peaks, which they 

probably would have done if the Monte Somma had 
stood, as at present, distinct from the cone of Vesuvius. 

Other facts might be also mentioned to show, that the 
old mouth of the volcano occupied the spot now known 

by the name of the Atrio del Cavallo, but that it was 

greatly more extensive than that hollow, comprehending 
likewise the space now covered by the cone, which was 
thrown up afterwards, in consequence of Jhe renewal of 
the volcanic action that had been duririg so many ague 
suspended. This spacious crater was probably the spot 
in which, according to Florus and Plutarch, Spartacus 
and his Gladiators were besieged by the Roman Gene- 
ral Clodius Glaher. 1 

We infer from the account given, that the brim of the 
crater was entire, except in one part, by which the 
insurgents had entered, and which the enetnf kept closely 
guurded ; and the great steepness of its sides is evinced 
by the scheme which the besieged party were compelled 
to adopt in order to effect their escape ; tha't, namely, of 
twisting into ladders the vine twigs that grew upon the • 
top, and descending by means of them to the bottom, 
where they surprised the Roman C^mp. Nor does thfs 
seem inconsistent with the accounU.givenj>y the accurate 
Strabo respecting the structure of Vesuvius in his time ; 
namely, the fertility of its sides, and the barren flat 
which constituted its summit ; this flat being hi all pro- 
bability the spot occupied by Spartacus, broken away on 
the side fronting Naples, but encompassed elsewhere by 
steep precipices, the relics of the original brim of its . 
crater. t 

It appears then, both from the silence of undent 
writers, •'and from the appearance presented by the 
mountain itself, that a long interval had elapsed since < - 
any indications of activity had been observed ; and the 
first symptom of infernal agitation given by the volcano 
was in the year 63 after Christ, when an earthquake 
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occasioned considerable damage to many of the cities 
that had been built iu its vicinity. But it was not till 
the year 79, that the first eruption of Vesuvius took 
place, of which any historical records exist. It over* 
whelmed the cities of Stabise, Pompeii, and Herculu- 
neum, with showers of sand, pumice, and lapilli, uud 
seems to have covered the latter to a still greater depth 
with a kind of mud eruption similar to those which are 
produced, not unfrequently, by the volcanos of South 
America. Such, rft least, is the inference that has been 
drawn from the circumstance, that the former tqwns are 
covered only with strata of incoherent materials, little, if at 
all, affected by water, whilst the latter is buried in a kind 
of tuff, separated at intervals by strata of white volcanic 
lapilli. The depth at which Pompeii is overspread does 
not exceed l3 feet, and that at Stabiee probably is nearly 
the same ; whilst at Herculaneum the mass of tuff alone 
above the theatre is not less than 85 feet, over which, it 
is stated, occur 12 or 14 palms of common soil, and 
this is covered again by a true lava, probably of much 
more recent date. That the tufa wa9 at first soft, is evi- 
dent, from the impression of awomau’s breast, and other 
parts of the figure being found in this volcanic \lepo- 
sit, possessing, it is said, a sharpygss, equal to that of a 
cast in Paris plaster. 

The difference between the substance which over* 
whelmed these cities, is evinced by the state of the 
papyri discovered in the houses, that have been since 
freed from the load of matter which had encumbered 
them. In those met with at Pompeii and Stabiee, 
which are covered by a more uncemented congeries of 
sand and stones, decomposition has proceeded so far, 
that their contents are illegible, and the vegetable mat- 
ter, it is said, has been replaced, by a grey, pulverulent 
tuff, probably washed into them by the rains of many 
centuries! 

At Herculaneum, on the contrary, though the manu- 
scripts may have been carbonized, probably by the 
wet. which first penetrated into them from this aqueous 
inundation, y< f t .any further decay lias been prevented 
by the thick covering of tufa, and the writing is, there- 
fore, in many instances, found to be legible. 

No lava appears to have l>een ejected by this erup- 
tiou ; but it is not improvable that a cone occupying the 
site of the present one may have been formed by it, and 
tliut the mountain thus exchanged the appearance which 
seems to ha^e belonged to it at the time of Strabo, for 
one more approaching to that which it exhibits at 
present. * 

Of this memorable eruption we have a lively descrip- 
tion in the letters of* the Younger Pliny, whose uncle, 
the celebrated Naturalist, fell a victim to his zeal in ex- 
pipring its plumomenu. Yet it is remarkable, that no 
notice is taken, either by this eye-witness, nor by any 
writer who lived near the time at. which the catastrophe 
happened, whose Works have come down to ua, of the 
tale of three such considerable towns, although the tes- 
timony of Dioii Cassius, coupled with that of Martial, 
serve to identify their destruction with this particular 
epoch. 

* The second eruption appears to bav#J happened in the 
year 203 9 under the Emperor Severus, and is described 
by Dion Cassius and Galen; the third in 472, wjiich is 
said by Procopius to have covered all Europe with 
«&shes, and to have spread alarm even at Constantinople. 
Other eruptions are recorded in the y«am 512, 6S5, and 
993, The next, in 1036, is supposed to have been the 


first which was attended with an ejection of lava; in 
preceding accounts we hear only of sand and lapilli 
being thrown out. 

Between that period and the commencement of the 
XVlIth Century, the mountain appears to have been 
only five times in. a state of action; and in 1911, the 
interior of the crater, according to the report of Brao- 
cini, was covered with shrubs, and every thing indicated 
the profoundest tranquillity. Yet in 1631 one of the 
most terrible of its eruptions took place, whioh covered 
with lava the greater part of the villages lying at its* 
foot, on the side of the Bay of Naples.^ Torrents of 
water also issued from the mountain, end completed 
the work of devastation. The volcano is likewise said 
to have been in activity in the years 1660, 1682, 1694, 
and 1698, from which time till the present its intervals of. 
repose have been of shorter duration, though its throes, 
perhaps, have diminished in violence ; for the longest 
pause since that time was from 1737 to 1751, and no less 
than eighteen eruptions are noticed in the course of 
little more than a century, several of which continued 
with intermissions for the space of four and five years. 
That of 1737 gave rise to a stream of lava, which passed 
through the village of Torre del Greco, and continued 
its course until arrested by the sea, at which time its solid 
contents were estimated at 33,537,058 cubic feet. Of 
the latter eruptions, one of the most formidable seems 
to be that of 1794, recorded ; by Breislac, himself an 
eye-witness of it, in his travels through Campania. The 
torrent of lava, that proceeded from the volcano, again 
destroyed the town of Torre del Greco, and advanced 
into the sea to a distance of no less than 362 feet, with a 
front of 1127 feet. 

The eruption of 1813 has been described by Menard 
de Groye, and that of 1822 by Monticelli and Scrope. 
According to this latter Geologist, the whole of the 
upper part of the mountain was on this last occasion 
blown into the air, by the violence of the explosive force. 

It must be confessed, that these descriptions, how- 
ever interesting, leave us much |xi the dark with regard 
to the real nature of the phenomena; partly from the 
danger and difficult y of approaching the scene of opera- 
tions, near enough to examine the products at the time 
of their ejection, but still more, from a want of due che- 
mical knowledge in the observers themselves, such as 
should enable them to profit by the facts before them. 

On this account, the remarks of Gay Lussac and 
Sir II. Davy, cursory as they arc, exceed in scientific 
interest the more elaborate descriptions given by others; 
and if we abstain from noticing tljJm at present, it is 
only because the results of their inquiries will appear 
more in place, if introduced hereafter. 

• Phlegrean Fields. 



It is jmportant, however, to observe, that Since 
Vesuvius has resumed its activity, the numerous vol- 
canic vents which exist on the other side of the Bay. 
(see pL vi. fig. 2.) have sunk into a state of compara- 
tive inaction; for ancient writers* who are silentYespect- 
ing the former, speak of the tnephitic vapours ot the 
Lake Avernus, as destructive to animal Existence ; and 
in earlier days than these* Homer pictures to us the 
Phlegrean Fields, as the entrance to the Infernal Regions, 
bating placed at the utmost limits of the-hahi table world, 
uneulightened either by the rising or the setting sun, 
with groves consecrated to Proserjiine, and enveloped in 
an eternal gloom 

5 a 2 \\ 
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Solfatara. 

At present the only traces of activity that exist, are ob- 
servable in the crater called the Solfatara, which occurs 
immediately above the little town of Puzzuoli. The 
rock of which this volcano is composed, is a hard*aqd 
dark coloured trachyte, for the most part porphyntrc^ 
and containing more iron than belongs to this rock in 
general. It has given off a single stream of lava, which 
descends in the direction of the sea, terminating in an ab- 
- rupt promontory called the Monte Olibano, and remark- 
able, as an instance of a true trachytic lava, consisting of 
little else tli&n felspar, only occasionally intermixed 
wit'll augite. It has been conjectured that it was the 
fruit of an eruption in the year 1JP8, said, though on 
rather doubtful testimony, to have taken plai$ from the 
Solfatara. ^ 

The crater of this volcano is nearly oval, its greatest 
ciiamcter being 2337 French feet, itssmaller 1800 feet; 
and the continual evolution of sulphureous vapours, which 
has gone on from the earlier records to the present lime, 
has naturally produced remarkable changes in the 
rocks surrounding it. The first stage of alteration** 
seems to be a mere whitening of the tXtysss, in conse- 
quence, doubtless* >of the removal of the irrili^ to which 
its colour is attributive ; in the next the rock becomes 
porous and fissile; wlu|kthe process is further advised, 
it acquires an honey-cclftbed and spongy consisterRfy ; 
and at length it crumbles into a white pnwde|j consist- 
ing almost entirely of silex. ^te rocks surrounding the 
Solfatara have consequently thafwhile colour, whicto^ws 
given to them, in Alicient times, the name of Colies JWta- 
cogei ; and the saiune ingredients, with which those in the 
crater itseJfhre imprognatHll, are natural effects of the ac- 
tion of the $u)|h ure tted hydrogen emitted, upon the alkali, 
the iron, andtfi|#lumina, which wereitsconstituent parts. 
Thai a mountain circumstanced should possess nu- 
merous, Internal mvlties, is qnly a natural consequence 
. of the contented pet^t ration* of corrosive vapours during 
the'epurse t^Lso madj^centuries ; so that we may save 
ourseWes the ^rjpSlfcle m^nquiring, whether the hollow 
sound, which it emits when struck, might he produced 
by aiwr other cause, when the porous nature of the 
ground qjfords^ st> simple a solution 

* ^ \ ^l^rde Nuovo. 

The throwing up ©£ a new mouiftmni in the XVIth 
Century by volcanicfiigeiicy,^ took pl^ee Sb much in the 
vicinity of the hat to belong to 


its hi story. ccessi 


r . <f . 

wc are Iq|c 1, the bursli1%;©ut ^onl|||Ms w from the ground. 


jhquakes, and, as 


brought up from a point, a little below the surface which 
touches the water, that we are led to believe the vol- 
canic action to be still going on to a certain extent; an ' 
inference confirmed by the extreme heat of the water 
which gushes out from the rock in a cavern not far rfis* 
tant, tailed the Baths of Nero, which is sufficient to * 
boil an egg, and amounts, according to Mr, Forties, 
^yho has given the most accurate account of it from per* 

‘ inspection, to 183° of Fahrenheit* 

Arc the principal indication^ of volcanic agency, 
that M ^lieen landed down by history, as oc- 

curring w* neighbourhood of Naples ; but the 


Geology. 

Ch. ni 



physical 
belief, that . 
where, siSce 
configuration 


of the country is such as leads to a 
r phenomena must have occurred else- 
icquired its present general 


Vane. 


The Lake Agnano,i| 
nature of the materials ,su 
crater of a voloanq, which’ J 


in many pTknea round about the Soffittara, there opened 
from the sea a gulf, from which, smoke, pumice, lapilli, 
and ‘sand, were ^§&|ed with the noise of thunde/-. ^These 
masses fell in suchy ^ iulancc, that the sand wasmstri- 
buted, not only ovei^N«||ftes, but even to a distance of 
thirty miles from whilst the heavier and more bulky 
masse 0 4 accumulated round the orifice to such an extent, 
that in two, or at mostly five days, they constituted a 
conical hill, ifow called the Monte Nuovo, 8000 feet in 
circumference, and 413 in perpendicular height, with an 
internal cfater about a quarter of a mile round, and in 
depth nearly equal to the elevation of the mountain 
itself. 

The sal)# near the foot of the mountain, even under- 
neath the sea, possesses so high a temperature, when 


cifceuhir form, and the 
was evidently the 
licates heat to a 

spring of water on i b f i b 1 y v causes 
that eontinual^volution of carbohll^y, which fills the 
yell-known fftrolto* del Cane. Tl^Lake Avcrnus 
seeqjs also to be similar origin ; and there 

tre no indications of ^wqkranic nature- it at 

present, yet the term , Aornos, applied to it by 

ancient wrilfers^nd ttfeniixious^^ects of its exhalations 
upon butyls that ski tithed its imftfece, prove that, at 

a period wfpt remote, stilphw&jrtfc^l hydrogen was 
emiradon lar^p qriftntities fipqm itFspiracfes. 

The^H||»te Barbara ami Monte Atend* are hills, 
which, from possessing a central and^jj^^ cavity on 
llrfh^un^rnits. us we# asdrom their (jgurrt and mineral 
const nil lion, are evidently derived from volcftpto opera- 
tions, although neither ol them appears to have emitted 
streams*©*" lav a. The crater ot the latter mountain is 
still so perfect, as to iorin a sort of natural inclosure 
nearly a mile in diameter, appropriated by the King of 
Naples, as a preserve for his wild bour'rtnd other ani- 
mals destined for the chase. 

Many other craters are alluded to by Geologists, as 
occurring in the vidfiity of Naples, but they do not ap- 
pear to be sufficiently ascertain* d ; and several so desig- 
nated are evidently mere hollows, derived from the 
action of water upon rocks, winch, though of a volcanic . 
origin, are of ati eaiher date, and of a somewhat dif- 
ferent formation. 

*■ i 

Puzzolana. , 

The whole country, indeed, from the sea to the base 
of the Apennines , appears to have been ‘covered, at a 
time when it was yet submerged unde* water, by *an 
immense deposit of puzzolana dr volcanic tuif. This 
roek is for the most part of a straw -yellow colour, dull, 
and hrfrsh to the feel, with an earthy fracture, and a 
loose degree of consistence. It contains imbedded frag* 
meats of pumice, obsidian, trachyte, and many other 
varieties of compact as well as cellular lava, the softer 
kinds often rounded, the harder mostly angular. It to 
separated into^tods. by intervening layers of loam; 
pumice, or ferrugfOTUs sand, and, in onto instance, Ac* 
corduy* to Von Buch, calc-sinter. Shells arc noticed as 
occurring in it, but they are rare, and bones of rwrti* # 
nating animals have likewise been discovered. * * 

The height of this tuff in mauy places near Naples to 
very considerable ; the hill of the C4tonalduli t which 
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ri to an elevation of 1518 English feet above the seg, 
consists of this material, and to the West of Naples it 
forms a sort of wall, so lofty and abrupt, that the former 
inhabitants of the Country apparently found it easier, 
availing themselves of the soft and friable nature of the 
stone, to cut through, than to make a road over it. 

Such is the origin of the celebrated Grotto of Pausi- 
lippo, a kind of tunnel 863 toises, or 2178 feet in length, 
50 feet in height, and 18 breadth, which serves 
the common medium of* communication between 
and the towns and inlttigHt to the West, F gaid 
been originally formed by the Cimmerians, 
inhabitants of the Country, who dwelt' chi^ 
hewn out of the soft tuff, and were, tin 


successive siqps tp attempt mor\ 
The Romans appear to have 
have originated it. 

Now, though it ne 
of tuff was originally 
whole surface which 1 
the manner in Wl 
valleys, not only 
Caserta, but also 
Sorrento, 


lenstj 


cavAions, 
■ged, not to 


ation in it$ ] 
in whiC|^ 


that this mass 
depths over the 
>0 one who examines 
minted itself intoahe 
l^aple^ ns near 
ippqsite side of tlM#®ay, ne&r 
at. the same tirr^the vari 


t, and the seeminglyjp^r*^ 011 ® nwAiHMk 
i ’distributed, can hjpitate lo suppose, that 
mupkrtffiich was originally dcfidttMi hag beeifaubse- 
quently removed by the action of w#*r ; 1, inasmuch 

as the general foaturMgf the caunti^Jo* n<)f apjjj 
have materially chftflfflj yl *inee the earl^i 


history, we are dhlWo tb t^^lternatif^ efther of 
eluding, that fhjfctSeriod, tVfwfvtch this mass wagitongi 
nally formed, to a period beyond ciifnparisoii 

more remote than thgt to, which histtfliy reaches, in ordgft 
to give time tor cause* at present in action to work Such 
great changes, or that it has been effected some 
more rapid agents of destruction than those at pgfescut 
ot work. Either of these suppositions, it is clear, esta- 
blishes a line of demarcation between the puzzolana 
and the volcanic roeks before enumerated, which is also 
confirmed by the indications we possess, that the latter 
was formed, whilst the greater part of the low country 
which it covers was still submerged iftider water. 

But if, as seems obvious, «t lie grea^jBfcss of puzzolana 
near Naples has been deposited unOtr water, the height 
above the level of the Mediterranean, which it not tin fre- 
quently attains, indicates the existence of great relative 
changes in the level of the sea and land, attributable 
either to a rise of the one, or a sinking of the other. The 
general consideration of this question belongs to another 
. portion of the Treatise, but there are certain indications 
• of a change of 'level in this district of so remarkable a 
lmtuae, that it would be improper wholly to omit men- 
tion of them on the present occasion. 

Temple of Serapis at PuzzvolL , 

One of these relates to the appearances presented by 
a Temple near the town of Puzzuoli, supposed to be 
dedicated to Serapis, which appears lo have twice 
changed its relative position to the sea contiguous, 
hdving been at some period subsequen|gto its erection 
sunk about twenty feet below its ongfiiti level, and at 
some later period raised up again, nearly, though not ^to- 
gether, to its former height* This inference is deduced 
from the circumstance, of the pillurs which now remain 
erect, being perforated by pholades, at % height of about 
twelve feet from their pedestals, as if the sea had at one 


time stood at that elevation, which, it is evident, it could 
not have done at the time the Temple was built. Stand* 
ing, as this fact appeared to do, alone, it was natural, that 
various hypotheses should have been suggested, in order 
to escape from so startling a conclusion, as that of the 
local jfop and subsidence alternately of the spot of 
pwaiwr an which the Temple stood ; but to such it is 
j^iecessary to resort, now that we are assured or re- 
minded of other proofs, showing an elevation of land 
no remote period both on the North and South of 
Puzzuoli, of more than twauty feet, and of many similar 
subsidences to an equal extent in the same neighbour* 

^ ^avesri^ hood. Professor Forbes has the merit of first setting 
i, T led by us right on this question, and his arguments have been • 
extended and confirmed by Professor Lyell, in his recent 
Work, entitled^SPriwcipfc« of Geology. It therefore ap- 
pears, that tile effects of recent volcanic action have 
more than once altered the relative level of the sea and 
land in this neighbourhood, and we are, therefore, 
brought morn readily to admit the possibility, that an 
extension of the same force, operating more generally, 
may have elevated the whole mass of the puzzolana, 
frofp the level of the sea, to the height at which it now 
gppears. ^ 

fgfttnds of Procida and Is(^ia. 

Tp japfplete this brief sketch cjJfBe phenomena in 
the n^fflibourhood of Naples, wejraght to allude to the 
Inlands of Jfrocida and Ischiq, which belong to the 
«ame system' of volcanos. fJSfee pi. vi. fig. 2.) The 
formerJaland seems to consist entirely of tuff, separated 
by beeff of cellular lava,' which are j(|pnietimes hori- 
zontal, and at others curved and contorted; but Ischia is 
Somewhat more varied in its congKisitufllF It k for the 
most part composed of a rock which seems hMSeftsisi of 
very finely comminuted pumice, reagghitinap&so as to 
form a tuff. From the very fine staUplWof division* 
however, into which it was reduced grthe tirpe when 
it underwent consolidation, a4ock hasjfltfen^sujred of 
so homogeneous a texture, as to be wnsideredni variety 
of felspathic lava, to which, 

it bears a considerable reserfibrance, mtfiigh tye are, 
upon the whole, disposed to class it with the puzzolana of 
Naples, and th£#fciglmouring Island of Procida. ^This 


format io iris seem in every part of the Iskrffd, an#to^fts 
tlte very sumiim of Monte Epptpea^irhieh risas to a 
height of perhaps 2000 leefct T j j ri ffie near the 

town of Foria, jva observe iptarnuxpdf wmi it huge 
blocks of trachyt^sometimesihirty hi diameter, con- 
sisting of a co n g c ri esj^dry s t a 1 s j^flassy felspar, often 
without any kind q^ntttraiecl i u m, , m another, how- 
ever, we obtfirve a fbni || lroiill cnjim me Monte TJlHibor, 
composed entirely oiPtrachyte, «!fiU resting uMn a bed 
rv sKidls. ' Ufa 



of clay containing tertiary shells. 

Ischia, however, present*. -Evidence 
tions # dPift more recent 4 ale » thar 
those, which occasioned the f 

Heaps of obsidian ay<l pumi 
known at Vesuvius, ocour at tl 
and have been traced by Spall 
neighbourhood, called Ilotaro/ 
we cross the stream of lava, which issued from the side 
of the mountain in the year 1302, as we are informed 
by historians, remarkable lor the large crystals of glassy 
felspar which are imbedded in it. Its surface is still un- 
decomposcd, and consequently barren, moss alone grow- 
ing upon it, and that only in a few parts ; a prpof of the 


me opeju- 
assigned to 
above noticed. 
Substances almost un- 
vi of Castngfione, 
ni to a crater in the 
Still further to the East 
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number of ages required for bringing some lavas of a 
Vitreous nature into a state fit for cultivation. This 
current may be readily traced up the mountain to the 
point whence it issued, which is marked by the existence 
of a crater, still named the Capo d’Arso. 

Thus Ischia appears to have been subjected to vol- 
canic action of as many different periods as the neigh- 
bourhood of Naples itself, its pumiceous conglomerate 
corresponding with the puzzolana, its trachytes with the 
rock of the Solfatara, and the lava of the Capo d’Arso 
with that of Vesuvius. 

At present, the only direct indications of volcanic 
action are seen in the high temperature of the sand on 
.» the shoref near Monte Vico, which ten feet below the 
surface is equal to 110° of Fahrenheit, and in the hot 
vapour which issues from the ground in various spots of 
the same neighbourhood. No eruption of lava has taken 
place since the XVIIth Century, though occasionally 
severe earthquakes are felt over the Island, more parti- 
cularly, it is said, near the ancient point of emission of 
the lsohian volcano. (Forbes.) 

Wc have dwelt upon the phenomena exhibited by 
this particular system of volcanos, somewhat more in 
detail than may be consistent with our general plan, con- 
ceiving, that a better notion may be conveyed of thfc 
nature of such operations, by particularizing some ozi£ 
district in which are exemplified, Ilian by, any more 
abstract or generalised description; and certainiy*io one 
spot can be selected more illustrative, thap the neigh- 
bourhood of Naples, as well from the variety of ap- 
pearances presented, as from the facility with which they 
can be examined and compared. We muRt now proceed 
to specify more briefly the other principal foci of volcanic 
action, that IrnVe at one time or other existed in Italy. 

* Mount Vultur . 

On the Eastern side of the Italian Peninsula, in the 
Province of Basilicata, near Melfi, rises a large isolated 
hill, called Moqfit Vultur, which at one time appears to 
have been a volcano of equal magnitude with that of 
Vesuvius dn the opposite coast. 

It is of & corneal form, from twenty to thirty miles in 
diameter at its base, and with two craters on its summit. 
It is studded over with sundry parasitical cones, and 
has given rise to several considerable streams of lava. 

The nature of the rocks, and the gaseous exhalations 
that abound in its neighbourhood, bespeak the former 
prevalence of volcapic action throughout this country, 
and may lead us to regard the district, as bearing a simi- 
lar relation to the shores Of the Adriatic, which the 
Campi Phlegrei, «b they are .termiwL do to s those of the 
Mediterranean. * 

Vet of the eruptions of this villcano, all records are 
lost in the darkness of antiquity, and we may perhaps 
refer them to that remote period, when, as has been con- 
jectured, the foot of Mount Vultur was washed by the 
waters of the Adriatic, wjjich now, from an accumulation 
of alluvial matter, has receded full thirty miles from it. 

Assuming then the space 'comprehended between 
latitude 40 6 and 41°, as that portion of the Italian Pe- 
ninsula in which volcanic operations are most rife, we 
will, in the first place, trace the same appearances North- 
wards, and afterwards Southwards of this central point. 

• Rocca Monjvna . 

First, then, near Mola di Gaeta, on the road between 
Naples a ttd Rome, we recognise on the main land, North* 

* , t 
; . 


East of the town of Seosa, extensive traces of volcanic Geology, 
operations, a considerable mountain, called Rocca Mon- ^ 
fin a, composed of lava and scori®, a^n d retaining ves- 
tiges of a crater, appearing to have overspread the 
whole adjoining district with volcanic materials. Spine 
of these appear to have been ejected since the country 
was inhabited by man ; for the remains of an ancient 
city have been discovered in digging underneath the 
town of Sessa, of which, however, as well as of the erup- 
tion that destroyed it, no record exists. 

PonzaHlands. 

A fbvr miles out at sea, to the Westward of Mola di 
Gacta, lib the Ponza Islands, four of which appear to be 
entirely volcanic, consisting of trachyte, but are destitute 
of any crated and without any stream of lava proceed- 
ing from them. They seem, therefore, rather to have 
been suddenly elevated from the bottom of the sea, than 
to have been formed, , fyy euceesaive ejections of volcanic 
matter. 

Papal States. 

A low tract called the Pontine Marshes, divides these 
volcanos from the series of rocks near Albano, which in 
their structure and figure appear to have the same origin. 

Near Albano are no less than four lakes, which seem 
to have been formerly craters. 

The immediate vicinity of Rome, commonly denomi- 
nated the Gampagna, is composed of materials, which, 
though of a volcanic nature, appear to have been heaped 
togetW under water. 

* flfhey consist of loose ^masses of lava or scoria;, feebly 
aggtdt^pited by fine volcanic sand, and alternating with 
arenaceous or calcareous beds, cpntaihing fre&Ji- water 
shells, which seertf therefore to have been deposited at 
the bottom of a lake. Hence although certain ob- 
scure notices of volcanic phenomena that occur in the 
history of ancient Rome, may lead us to infer, that the 
forces had not altogether spent themselves at the time 
the country began to be inhabited, yet it seems probable, 
that the eruptions occurred principally at a more remote 
period, when theCampagna wes covered with water, and 
the higher parts of the country alone constituted dry land. 

Evident traces of volcanic operations of an early 
period occur near Viterbo, “and extend Northwards to 
Radicofuni, but we have no records of their date, and but 
imperfect accounts of their effects, • 

fk 

North of Italy . 

Indications of the same nature exist probably further 
North in the neighbourhood of Voltera, where occur 
pools of water called Lagunes, rendered boiling by the 
passage through them of sulphuretted hydrogen, which* 
carries with it a little boracic acid. „ 

But less equivocal proofs of volcanic agency are found 
near the foot of the Apennines in vhe neighbourhood 
of Verona, Vicenza, and Paduu. 

Extensive beds of volcanic tuff there occur, altercat- 
ing with deposits charged with shells belonging to the 
newer tertiary period, with which is connected a group 
of trachytic rocks, constituting the Euganean Hills, . 
which have burnt through chalk. Every thing concurs 
to prove, that tfc iHiole or the greater port of these rocks 
were formed during the tertiary period, and consequently 
that they belong to the more ancient or antediluvian 
$lass of volcanos. * 

Having enumerated the principal foci of volcanic ac- 
tion North of Naples, we mast retrace our steps, and 
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Oftolort, examine what indications of the kind are to be discovered 
to the South. 

***k/~* / In Calabria, harassed as it has been by earthquakes, 
no genuine traces of volcanic agency have been disco- 
vered, but in the sea to the West of it occurs the group 
of U« Lipari Islands, which are derived exclusively from 
this cause. 

Lipari Islands . 

These, however, althoiigh built up by the action of pre- 
existing volcanos, appear at present in a great degree 
exempt from their influence ; the only remaining indi- 
cations of the kind being those presented, by certain hot 
springs, which in this case we cannot hesitate to refer to 
such "a cause, by a Solfuiara in one of the smaller Islands, 
that of Volcano, and by the volcanio eruptions of Strom- 
boli. The latter differs from most other burning moun- 
tains in the uuinterfSitting character of its eruptions, which 
have indeed continued, from a period at least antecedent 
to the Christian Ero^at intervals of a few minutes, but 
without any ejections of lava accompanying them. 

The great mass of this, as well as of most of the other 
Islands, is composed of beds of volcanic tuff or puzzolana, 
occasionally penetrated by dykes of sluggy lava, which 
sometimes traverse the contiguous bedffin a manner so 
conformable to the stratification, that, until traced to 
some extent, they might be mistaken for beds. Then, 
indeed, they display their true character, either by the 
disturbance they occasion in the beds whffch they tra- 
verse, or by some deviation from their original direction. 
(See pi. v. fig. 1 and 2.) The peculiar feature ** of the 
volcanic products of the Liparf Tslands, however, con- 
sists in the abundance of pumice and obsidiin, two 
different states of igneous productions, hut rarel), if at 
all, met with amongst the volcanos of Naples. 

In the South of Lipari, the whole surface is covered 
with pumice, which forms several considerable hills, and 
extends to the furthest point of the Island. 

The obsidian also occurs in extensive beds, or forming 
a sort of breccia, angular masses of it being held together 
by u white earthy-looking paste, which is hard and gritty. 

Sicily . 

The Island of Sicily contains a great variety of rocks 
of ancient formation, in whioh nothing of a volcanic na- 
ture can be detected ; but, from a period comparatively 
recent, igneous and aqueous groups seem to have gone 
hand in hand, in building up the rocks of which its sur- 
face is composed. 

In the lower extremity of the Island there occur 
various alteraatioifs of volcanic with neptunian deposits, 
constituting a considerable tract, containing within it 
hills from ope to two thousand feet in height. The 
volcanic rocks, though sometimes compact, are usually 
more or less cellular, Th£ cells are occasionally empty, 
but at other times "are filled with various crystalline 
minerals. The neptunian, according to Professor Lyell, 
contain marine shells, the greater part of which are 
identical with existing species, though a few are extinct, 
belonging to the newer pleocene era. Hence the volca- 
nic eruptions, of which Sicily affords the records, 
nuiderouB and extensive as they are, do not go back to, 
an era more remote than the newer tertiary deposits* 
The great marly formation, indeed, which occupies* a 
large surface in Sicily, and is characterised by immense 
deposits of sulphur, marine salt, gypsujn, and other sul- 
phuric salts, may probably, ‘be connected with certain 
great submarine eruptions; but we are prevented fYom 


clearly giving the date of this formation, inconsequence Geota*r. 
of the absence from it of organic remains, with the ex- Ch.l!i 
istence of yhich the exhalations that gave rise to the 
sulphureous deposits seem to have been incompatible. In 
this formation occurs a phenomenon,, commonly, though 
we conceive improperly, denominated, an air volcano » 

The most noted instance is at Macaluba near Girgenti $ 
but as we shall consider in another place how far it may 
be regarded as connected with volcanic agency, we shall 
at present omit any more particular mention of it. It 
may serve to convey some kind of idea of the extended 
period during which volcanic operations have continued 
in this Country, when we are told, that the whole pro- # 
bably of Mount Etna belongs to a period more recent 
than the lavas of the Val di Noto. At its foot, indeed, 
are several isolated rocks ; as, for example, the Cyclo- 
pean rocks off the coast near Catania, that of La Motte, . 

&e. which seem to belong to the class of submarine lavas, # 

and may perhaps be as ancient as some of those already 
mentioned ; but Etna itself is made up, superficially at 
least, of a series of beds of lava and tuff, all of which 
possess the characters of subaerial volcanic products. 

Yet according to the joint testimony of Sir John 
Herschel and Captain Smyth, this mountain has an 
elevation of about 10,000 feet, with a circumference of 
90 miles, whilst, from the descriptions given by Professor 
Lyell of those valleys, which display the internal consti- 
tution of the mountain, and particularly that of the Val 
del Hove, the whole of that portion of it, which is exposed 
to view, appears to consist of a succession of lava beds 
and of tuff, intersected by dykes of trachyte and basalt. 

(See pi. iv. fig. 4.) 

How vast then must have been the period employed 
in the heaping up of so enormous a mass of volcanic 
products, unless, indeed, the scantiness of time was 
compensated by increased energy of action, and the 
earlier portions of the history of this volcano were marked 
by more frequent eruptions thun the later ones. 

Yet, to conclude, that during the whole of thia period 
no deluge could have washed over the cpunlry, seems 
an hasty assumption, implying & more? thorough ac- 
quaintance with the force of the diluvial currents, and 
the extent of their operation upon the strata, than we 
can lay claim to, and likewise overlooking the manner, in 
which the effects produced upon the surface of this parti- 
cular mountain may afterwards have been disguised by the 
eruptions that succeeded. We shall therefore content our- 
selves with that more general statement, whichseems war- 
ranted by the facts before us, namely, tfyat all the erup- 
tions of Mount Etna, of which we have>any cognizance, 
took place in the aivf and that consequently the earliest 
of them do not in altyprobability date from so early a 
period, as those of the Yal di Noto, which occurred, in 
part, at least, under water, and are covered with nepti^ 
nian deposits of the tertiary period. 

Island of Sciacia* 

The neighbourhood of* Sicily has likewise presented 
us with an example of one of those events, that occur, 
comparatively speaking* so rarely during the* limits of 
human experience, namely, the breaking out of a volcano 
apparently on a new site. 

On .the 18th of Jply, 1831, a British vessel perceived 
in the Mediterranean, betwixt the town of Sciacca in 
Sicily and the Island of Pantelloria, a high iijegukr 
column of white smoke or steam, which, upon (coming 
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jte&Xf proved to be caused by a small hillock of a dark 
\ccdqur, elevated a few feet above the sea, which appeared 
to be constantly discharging stones and dust together 
with vast volumes ot steam. 

The volcano weqt on increasing in bulk, till it had 
attained by the middle of August a circumference of 
3240 feet, and a height of 107. It had a crater of 780 
teet in circumference, and it consisted entirely of dark 
vesicular lava, with a few fragments of calcareous and 
other rocks, not of a volcanic nature, interspersed. 

During the storms of the succeeding Winter, the loose 
malerials r of that portion of the Island, which had been 
elevated above the water, were gradually washed away, 
'and no other monument of it jiow remains, except a dan- 
gerous shoal, with a circular patch of rock in its centre, 
about forty-two vards in diameter, on which there arc 
for the most patfiwo fathoms of wuter, but in one spot 
only nine feet. t 

Ft appears from the examinations of Hoffman, that the 
volcano in question lies in a line, which has been sub- 
jected to volcanic action from remote antiquity, ranging 
from the i^Ktiiict volcanic Island of Pantellaria, by the 
sulphureous springs of Seiacca, to Mount Etna. 

It is likewise important to remark, that, according to 
the observations of Captain Smyth, this volcano must 
have been elevated in very deep Water, and that even 
now, in ils immediate vicinity, the soundings indicate 
successively, ten, twenty, thirty, ah^/o^y fathoms. 

Till within twenty yards. saysTnptain Swinburne. I 
got no bottom, and then eight eerf fathoms water, whilst 
from another account it appears, that at a little distance 
the soundings were 100 fathoms. Lieutenant Lamert, 
of the French brig Armide, describes a bank extending 
to the North-East fur a mile, which, he says, did not 
exist before the rising of the volcanic hill, and hence Ire 
infers, that, previously to the accumulation of the scoriie 
by which its existence was manifested, the volcanic force 
had heaved up a portion of$he bed of the Mediter. mean. 
How far such a supposition is consistent with analogy, 
will he considered hereafter. 

Grecian Archipelago. 

If from Italy we turn lo the Grecian Archipelago, the 
phenomena just described will be found to have been 
repeated, mpre than once, within the limits of authentic 
History, near the volcanic Island of Santorino. 

Santorino itself (se< plate vi. fig. 6) is of a semilunar 
form, and the hofns of its crescent are nearly united, 
through th^ medium of two smaller volcanic Islands, 
cal leu Tttejgpia \n<\ Aspronesi, so that they together 
nearly encircle an area of above six miles in diameter, 
throughout a great part of which the sea is unfathom- 
able.-. The beds on all these Islands dip at a t slight angle 
towards the exterior of the group, just as would happen, 
if* these Islands had constituted the walls of one vast 
crater, formed by the heaving up of the beds frftm the 
bottom of the sea, as Von Buch and Humboldt imagine 
to have been really the case. 

Whether this be the true explanation, or not, of ilie 
position of dhe beds in the three principal Islands, will 
be considered afterwards ; but a similar operation to the 
one supposed, althoqgh on a scale of inferior magnitude, 
appears to have taken place in more modern times, in 
the midst of the bay enclosed between the above-men- 
tioned rocks. 

Thus,* 197 years before Christ, the island of Hiera, 
now call'd Palaia I^ammeni, (plate vi. fig. 6,) is stated 


, to have been thrown up from the bottom of the sea, Geelom 
^and in the reign of Claudius, a. », 46, another made its iff 
appearance, which in the year 726 was joined on to 
Hiera. In 1573. that called Little Kammeni was pro- 
duced ; and lastly, in 1707, New Kammeni was raised 
in the midst of the h&Bin. The latter is dHUuetly said by 
the Jesuit Goree to have been heaved up from the bot- 
tom, as indeed the other Islands are reported to have 
been, and he alleges in proof of t it, that a large quantity 
of fresh oysters were found adhering to the rock so 
thrown up. 

Santorino, with its contiguous Islands, is chiefly com- 
posed of trachyte conglomerates, and tufts covered with 
pumjfe, thougl in one part clay slate, and in another, 
according to Tournefort, granular limestone, appear. 

From Santorino, a line of vole ftuig«bperat ions extends 
itself through Milo and Argentiere *F4he Eastern coast 
ot the Peloponnesus, (see plate vi. tig. 5,) where before 
Modon(Methone in Argolis) are seyegal rocks, called the 
Islands of Pelops. of a volcanic n attire, and where also 
a promontory exists of a conical form, which appears at 
aji early period of Greek History to have been heaved 
up. Ovid alludes to it in his Mctamorjihoses^ and Strabo 
confirms, what flth$Nrise might have been regarded as 
the fiction of a Poet, stating, that even in his time mani- 
fest at ions of vulcanic agency still were observed. 

Iceland . 

To complete our account of those decided evidences 
of volcanic action, which are to be met with in Europe, 
we must refer to the Island of Iceland, where, from the 
earliest authentic rec ds till the present day, volcanic 
operations have continued, on an extraordinary scale, and 
with intervals rarely exceeding twenty or thirty years 
between each. The volcanos in that Country are placed 
in general linearly, and the following ones arc enume- 
ruU 

llecla, the last eruption of which was-in ]7f$>. 

KaUlugi&a, which, after an interval of sixty-four years, 
had a violent eruption m 1823. * 

Eyafialla Jokul, which, after intermitting for n cen- 
tury, had an eruption in *821. 

Grimvatu, a lake which became the site of an eruption 
in 17 If). • 

Skuptan Jokul and Skaptaa Syssel, two contiguous 
volcanos, experienced violent eruptions in 1783, which 
ravaged a vast extent of the country adjoining them. 

The lava made for itself a passage into the plain at 
the base of the mountain, by three streams about eight 
miles apart one from Jie other. These currents of lava, 
reuniting, covered a space of more than 1200 squarg 
miles. The ejections of ashes which* tcr/niuated this 
eruption continued an entire year, ^during which the 
whole atmosphere was constantly darkened by thick 
clouds of cinders. * 

($iher volcanic phenomena are frequent in Iceland. 

In 1783, a year memorable in its annalsdor the violence 
of the eruptions that took place in it, a new Island was 
thrown up, consisting of high cliffs, a mile in circum- 
ference, which, however, the following day, sunk again, » 
leaving nothing but a reef of rocks, from ftve to tnirty 
fathoms under water, to indicate its former site, 

• Geysers. 

Although we have abstained in general from noticing 
the hot springs that occur in volcanic districts, not only 
as leading tin too far, but likewise as tending to intro- 
duce amongst the fundamental facts upon which we 



• build a set of phenomena, the ©rigid of which some On the Eastern side of thepemneula, we meet wMh jGMekwv; 
may regard as problematical, yet are we induced by the volcanic appearances, in the Province of Algarve, near ChTm. 
obvious nature of the connection that subsists between Cape Sr . Vincent ; and, on the road from Glntm to Maifira, \ *m j **>' 
the Geysers or hot spring of Iceland and its volcanos, near Lisbon, occur alternations of aemivitreous basalt 
sp well as by the general interest which attaches to the with tertiary limestone. The occurrence here of the 
former, to notice them amongst the effects of the same former is worth noticing, from the formidable earthquakes 
agency there exerted. with which Lisbon has more than once been visited. 

TheGeyscrs are intermittent hot springs, which throw Dolomieq notices also in the Province of Biora* certain 
out at intervals a colujnn of water, succeeded by copious volcanic appearances throughout the chain of mountains 
volumes of steam. called Sierra de TEstrella, but we are not awaretthki 

Thi intermittent character of the phenomena may be they have been examined by any more recent observer. 

Seen explained on very simple principles by Sir George s? • % 

Mackenzie in his Travels in I land;* and there ! ;.k, tyWM*. • 

doubt, but that the existence of subterranean ^avf?ies, On the Eastern side qf the Peninsula occur indica* 
serving as recipients for water i* *vju?d bud of rock, tions of volcanic action at Cape de Gaieta, near Almeira, 
and communicating will the srrt c oy n,r-ow orifices, xnd further North, as it is said, in the mountains above * 

would cause a, deration cl .Mpou,, which occupying Alicant, where earthquakes are frequwHt and severe; but 
the upper portibus of such caverns, would at intervals the most decided and thftbest established indications of 
acquire elasticity enough to expel the ’ r, and thus the kind occur in Catalonia, near the town of Olot. # 
provide for itself \he means of esr—'c No sooner have we descended the Northern declivity of 

The water is Strongly impregnated with silex, an in- the Pyrenees towards the Eastern extremity ot* that 
gradient almost universally present in hot springs, hut in chain, than u/e meet with a volcanic district of about 
none so abundantly os in these; nor is it improbable, tlmt fifteen geographical miles from North to South; and 
the high-pressure steam which wn.know to be generated about six from W\'St to East, the vents of the eruption 
in this instance, may materially assist' in reducing the ranging linearly in the former direction, whilst the cur- 
silica to a state of' solution, for it has been found, the* of luve have descended in the latter, 

even glass becomes quickly corroded by of this de- There art* about fourteen distinct cones with craters, 

scription, although it resists it when of ordinary elasticity. u%t them as entire, as those in the neighbourhood of 
The only othei active volcano in tl.u North of Naples, or *m thelffenks of Etna. They have broken 
Europe is that in the Lslu :1 of Jun Mayen, off the coast th-ough sandstone, shale, and limestoue, belonging to the 
of Greenland. This, when' visited bv the V Mi. * •ndary period, but appear to be posterior to the most 
Scoresbyiu the vear 1 e. 1 7 v inhibited ? the or a modem tertiary strata that exist in the neighbourhood, 

recent eriqv "as found to consist «■ ilar being covered only by the delrituaof their own and the 9 

lava, o'* »uff, and o,' Kama.-. '^contiguous rockrib* In the XVth Century the whole of the 

Oti tin summit v. as a craiu, no less than 600 feet in town of Olot, with the exception of a single house, was 
depth, and about gGuO in diameter. thrown down by an earthquake, accompanied, aa it is 

stud, by an eruption ; but this latter circumstance is re- 
hstiflft v of can o* •#/ Evropt . gadded by Professor Lyell^s apocryphal ; and there up- 

Having now epummieri the several sites of volcanic pear?, to be no certain record, as to any of the volcanos 
operations in Enrobe, vyhich still continue in some part of this district having been in an active state during the 
or other to exhibit marks of activity, we must next taki historical period. 


a rapid survey of those in which the same forces have France . 

at some former period incontestably been ut work, but 

where they seem, so far a# human experience goes, to Traces of volcanic action are found immediately North- 
have expended themselves. East of the Pyrenees, in a littje hill, composed of scorise, 

• In this review we shall omit all, excepting those ex- and possessing a regular crater, which borders on the 
tlnct volcanos ^vhich have operated apparently under sea near the town of Agde, between Beziers and Mont* # 
similar circumstances to those of She present day, pass- pellier. Thence, a line of volcanic rocks, of various 
ing over ujtogether the consideration of such rucks, degrees of antiquity, extends into the Cayennes, and 
as, though inferred to be volcanic, differ nevertheless . connects itself with a more extensiveygi»^ms A fo rotation 
from the prodycU of existing ones, in a manner which in the Vivarais. (Dep. d’Ardeche.) Theater extends 
seems only# explicable, by supposing an alteration in the itself into the contiguous Department of the Haute Loire, 
eirciffiistanees uitoer which they were ejected. where roupd the town of Puy it is most fully developed ; 

* and the same appearances are renewed in the Carnal. 

a # Portugal* near St. Flour, whence they occupy a wide extent* of 

In this review, it may be convenient to begin wifh the country, until, after forming the elevated range of Mont 
most Southern portion of Europe, namely, the Spunish Dor and the mountains about Clermont, they terminate 
Peninsula, fracing up the indications of the same kind Northwards near the town of Bioip. 
that oeeitr uiitit we reach Germany, above which, it may To give any thing late ft particular account of the 
be observed, no phenomena of the kind are observable ; 1 nocks comprising those: ettenrive districts, would occupy 
fin* although in various perm of Great Britain and Ire- itoo much apace, but it may be well to state briefly the 
land, ift the Hebrides, the Fame Islands, and even in general characters, that distinguish in all of them the 
the Scandinavian Peninsula, trap rocks of various Wade volcanw f^mftthwSs mto twp great classes* 
are extensively developed, yet these, for reasons already There is thCn«in Auvergne, lu the Vi^rais, and even 
assignee^ do not come under our present consideration, in the vicinity of Puy en Velay, an extenrivq group of 
being nowhere dietinctly pfisved lobe ^oduced, as the volcanic bilk, possesridg craters, and having streams of 
others hhve been, in the open air* ^kva proceeding flrom them, whickin no resyfect differ, 

vok vr. d b 
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G isotopic ally speaking, from tlie products of igueous were not other difficulties in the way of such a supposi- 


(ieology. Upujogteally speaking, tram uie prouucus or igneous 
Oh. lu.; action which we witness daily forming before our eyes. 
^Though no records remain of the period in which these lava 
streams were ejected, still it is evident, from their shaping 
their course in conformity to the valleys of the district, 
that no great changes in the external configuration of 
the country can have taken place, since the period of their 
ejection ; -so that this one circumstance constitutes a broad 
line of distinction between these and other rocks in the 
same district, which have themselves been acted upon 
by the causes, that havj|^sxcavated valleys in the con* 
tiguous formations, * 

it may, indeed, be true* that some of these volcanic 
rocks are themselves excavated to a considerable extent 
by the rivers which flow over their surface, as is re- 
markably exemplifiedjin the Vivarais, where certain 
lava streams, whSjh manifestly flowed, since the great 
features of the country had bqjjpme as they are found at 
present, have nevertheless been themselves scooped 
out, to the depth of 70 or even 100 feet, by the action of 
the streams that flow at their foot. 

Practically speaking, however, no one can confound 
the ravines, which have been channelled in lava streams 
of more modem date, with the valleys, by which the 
rivers which excavated these ravines have their course 
determined ; so that the distinction adverted to may be 
admitted on the score of convenience, even by those 
who object to the principle on which it is founded. 
Whether, indeed, the valleys in question have been pro 
duced by the continued operation of the same streams, 
to which we refer the ravines, is a question jpore fitted 
for another part of this Treatise ; but, as the majority of 
English Geologists, in speaking of valleys of this de- 
scription, and of the detritus resulting from their exca4fy 
vation, still retain terms, which appear to recognise the 
principle of their having been produced jn a different 
manner, designating them, as diluvial valleys, diluvial 
deposits, Ac., so we shall adopt a similar nomenclature 
with reference to the voleauic products df Auvergne, 
speaking of tho«e which arc posterior to the vgjleys 
of the district, as postdiluvial, arid those Which are 
themselves hollowed out by valleys of the same character 
with the contiguous rocks, alwitediluvial formations. 

The postdiluvial volcanic products, then, are dis- 
tinguished by the same characters, which belong to the 
modern lavas of Etna or Vesuvius, and may be traced 
to craters often preserving nearly unimpaired their ori- 
ginal integrity. Iti Auvergne alone little less than 
seventy of them have been enumerated,. which possess, 
in general, a^grefy uniformity of character, and evidently,, 
u\\ belong to an epoch, at which the adjoining country 
had already become dry laud. In the neighbourhood 
of Clermont, however, arc five conical hills, j[£ee pi. iv. 
fig. b») in the midst of a group of these ypJcanoH, pos- 
sdasing a striking difference in their aspect and consti- 
r tution. They are composed of an earthy and pulveru- 
lent Variety of trachyte, called.domite, are altogether 
destitute of craters, but in gertbral lie detached, iqtbte 
rajdatofa sort of amphitheatre of volcanic hijls, consfel^ 
i rig dfmwlfptm pyroxenic SMSL ' jf 

The loftfest of these mountains, the P6y de Dofrie^' 
gives its tfeja Department in whfeh it is situated ; 

the others, ^TO^Skieotiy, tho'ftaSi^ md Petto 
Cliersou, awd'M Chopifie, l\e contiguous, but 
are so detached one wbm the other, that it would seem 
impossible to imagine them parts of a formation that 
once spread over tm^ intervening Country, even if there 


tion. It was the appearances of these rooks, that origi- 
nally suggested to Von Buch, in an early stage of his 
Career, the theory, which he has since applied to Other 
volcanic formations in different parts of the World, with 
regard to the heaving up of conical rota&es of rock, pre- 
viously softened, by the force of the elastic vapours 
generated by Volcanic operations. The phenomena pre- 
sented by one of these hills! the Pny Chopine, strongly 
confirm this view ; as we see there an intei mixture of 
trachyte, with granite, and other primitive roCka in 
various state^ of alteration, according, as it should seem, 
to the different degrees, in which they have been severally 
affected by the igneous action, to which their elevation 
is attributable. The Puy itself is situated m a sort of 
crater, the walls of which are Composed of scortfOrm lavas 
of the ordinary description. The fiVe r $omitic hills just 
alluded to, may, perhaps, belortg to the postdiluvial 
class of volcanos, but at a short distance from them oc- 
curs an elevated and extensive table land, called the Mont 
Dor, the great mass of which consists Of trachyte, of a 
more compact and crystalline description, and clearly of 
mi older date. Vast masses of tuff, similar to the puz- 
zolana near Naples, accompany it, and the whole is 
capped, either with basalt, as is the case at Mont Dor, 
or by porphyry slate, as in the neighbouring Department 
of Cantal, where this same formation extends itself. 
The whole rests upon the freshwater limestone belong- 
ing to the tertiary period, which, however, in a few 
places, alternates with it, and it is intersected by valleys 
as wide and as profound, as those which traverse any 
of the older rocks in the contiguous country These, 
therefore, we shall venture to denominate anted iluvial, 
in order to mark the difference, both in character and in 
age, that exists between them and the •rocks before men- 
tioned. These last, indeed, appear from various circum- 
stances to have befen formed under water, and can, in 
no instance, be traced to any crater or fbcus of eruption; 
whether it was, that the changes that have subsequently 
taken place in the country obliterated the traces of 
them, or, what is more probable, tha' they were origi- 
nal ly ejected through the medium of dykes, and under 
a pressure which confined the focus nf eruption within 
the narrowest limit* « 

Be that as it may, it is certain, tha the appearances 
presented by the volcanic rooks of Mom Dor and Cental* 
are pf a totally distinct character from those of Vesuvius 
or Etna. I riatead of .narrow bands of lava covered with 
beds of tuff or loose accrue, these mountains present con- 
tinuous beds of trachyte, basalt, ami conglomerate, man- 
tling round the axis of the chain, and interrupted only , 
by the valleys which intersect therm ftowjthese rocks . 
could have been brought into thelt^ptesent Mined 
position, will be a Mutter for, ‘subsequent inquiry; at 
present, we are only concerned wHh*ibe circumstances, 
in Which the structure of these motiniainsfUfters from 
that of the volcanos now funning tinder #mr eyes. * 

The structure of the volcanic district 0 the Veiny 
and Viyaraisis of 1 e*#welog(nm kind, consisting of im- 
mensely thick deposwpof voteanic tu#, generally testing 
bn a fresh-water tertiary toestone, and of rooks bf tfa- 
chyte and porphyry slate,4hich appeaSrto beof nubse- 
quehtdate, end to hfsye Ibrced tbemaekes through the 
taffwtifchtii*^ " . . ’ ' 

Tfle depth of vgUeys, excavated in this great 
tufttceuadepostSiwiar the Puy,Berve« to evince, Either the 
long continuance, or the energetic action of the eauaes 
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which have since hflfecied it, and the irregularly abrupt They are composed, parity of, basalt, and partly of Geaimr 
and almost pyramidal form, which belongs to some 6f trachyte/which appear to fm^e becn ptotmded through Ch. Ill 


the detached hillocks, which lie scattered over the valley, 
as that on which the cathedral and part of the town of 
Buy is built, and as the contiguous rock of St Michffel, 
evinces the irregular manner in which this material 
decomposes, and the firmness with which its parts in 
certain positions cohere. The last-mentioned districts 
also, like those of &imrgne, display many Indications 


the schists, that constitute the ftthda^ardal rocks of the v - 
district The superposition pf r the vokaaic products to 
the brown coal so extensively met with in fela Province, 
is, however, decisive with regard to the tertiary origin of 
this deposit. The Sfebengebirge are, in : i '!prh- 
longatibn of the extensive basaltic formation 
terwald, which again is connected with another consi- 


of volcanos possessing a more recent date, such as craters derable volcanic district North-East of Frankfort, called 
still remaining in all their original integrity, beds of - the Vogelsgebirge. ,* ' 


scoriue which have been ejected, as |t present, in the open 
air, and lava streams, which have descended into the 
valleys in conformity with the present configurttion of 
the country. Stnne of these lava streams, however, are 
themselves deeply channelled by the rivulets that flow 
across them, and being composed of compact and co- 
lumnar trap, the sides of the ravine are flunked by ba- 
saltic colonnades. v 

Germany . S ; 

In proceeding to Germany, we may remark, that a 
chain of primary rocks, with many s^ondary formations 
superposed, stretches with certain interruptions through 
the heart of the country from Kivsi to West, of which 
the several portions are respectively distinguished by the 
names of the Thtiringerwald, the Fiditclgebirge, the 
Erzgebirge, the Riesengebirge, &c. In connection 
with this great back-bone, as we may term it, of Ger- 
many, and on either side u f if, occur groups of vol- 
canic cones, or otlier indications of an igneous character, 
whilst to the North of the above line they are entirely 
wanting. 

Eiffel Volcanos . 

Beginning with the Rhenish Provinces, we obnerve 
immediately at the foot of the Ardennes, in a district 
culled*. the Ejfel, a cluster of little volcanic cones, com- 
posed, for the mtfst, part, of loose scoria*, and frequently 
having very perfect craters, which sometimes serve as re- 
servoirs for the waters of ttye country, and thus are con- 


From the latter, the isolated basaltic cones, oCFrankfbrt 
and H&nau on the one side, and of Casual and Eiuenack 
on the other, seem to be ramifications. ’In many of 
these basaltic rocks, the compactness of structure i*j 
quite equal to that of the trap in bldjK formations, blit 
in other cases, they are associated vmh vesicular lavas, 
which occur less frequency at least, if they are not en- 
tirely absent, in the latter. The contact between the 
volcanic material, and the contiguous stratum, has often 
been productive of very striking changes in the structure 
of the rock, rendering, in particular, the sandstone hard 
and prismatic, just in the same manner as is done in 
some parts of this country by artificial heat. 

Higher up the Rhine, occur several groups of rocks 
possessing a similar origin to the above. In the Oden- 
wald, near Heidelburg, rise some eminences from the 
midst of the new red sands tone^in which basalt is found 
associated with augite rock ; and near Frey burg, in the 
Brisgau, is the aeries of hills, of which that called the 
Kaiserst«i|J is the most prominent, destitute of cra- 
ters, but containing* intermixed or associated with com- 
parer rocks, vesicular products much resembling recent 
lav^s. Lastly, a few miles to the North of the Lake 
of Constance, is the commencement of another chain 
of basaltic and porphyritic cones, Connected with which, 
are certain overlying masses of basalt in Wirtemberg, 
along the chain of the Rauhe Alp South of Tubingen. 
These latter, however, have more of the characters 
whnh majk the older trap rocks. * 

In the Rhongebirge, a group of mountains East of 


verted into lakes; at other times ur$ dry, ami exist in all ' Furaa, a continuation of .the same volcanic farinattou 


their original integrity. 4 CCf)r dingly* notwithstanding 
the silence of history concerning their eVu prion*, we cun 
.scarcely dispossess ourselves of the idea that they were 
the work ol a recent period, and art persuaded, that they 
at least belong to as late a Geological epoch as that 
which we have aligned to some of the volcanos of 
Sicily and Naples, 


has beeri noticed, though recent observers have pro- 
nounced it to be destitute of craters ; and at the Fich* 
telgebirge, on the North-Eastern limit of Bohemia, occurs 
a series of basaltic cones extending from Egra to Park- 
stein. i/# 1 , 

The same rocks may be traced to Toeplitz in Bohe- 
mia, and to the Riesengebirge in Silesia, whilst on the 


They are remarkable for the general absence of any lower&ideof this chain of mountains, Which is there called 

’ " . , -» . * . L 1”. I ‘ I [ . i iV _ J J 


lava-currents proceeding from them, being for the 
most ps**t ’mere* aggregates of ecorise, or a sort of vol- 
canic tuff* made up of pulverulent materials ranged 
round a central ityerture. They in some $ase» consist 
merely iW ordteery. rock% upheaved, but in ‘other 
resects but Jittle altered in appearance. The above, 
however, Appear to be the only vestiges of volcanic 
action ip Germany, that adiuit dL being clearly referred 


the Erzgebirge, occur several platforms, cones, and domes 
of basalt, overlying the other rocks of the country, and 
therefore posterior to them all. It was these, Which im- 
pressed Winter with the idea of the aqueous origirv of 
trap, g from the marked contrast he observed between the 
characters and position belonging to these rocks, and to 
the volcanic products of the present day. k 
Lastly, on the Western border of Moravia, near the 

rt L 111 j: 


to the same modern epoch* thelpber rocks, which bear frontier of Hungary, freeman basaltic deposit near 
KmrkRaf a similar origin, b«j«g destitute of crater., and ,„Banaw. • • 

mot* cumpactiti tfcieir structure. ■ The above atalU^at.tt kfeared, aflfordsbut an imper- 

, :.i ,, v enumeeatkio *f tfe pevarai #«s, in which volcanic 

* StrienfabU#*. ' actionbas at S»»«r w(ric>4B vf ibe Earthy history mam- 

* jk . . *1 M.'.V.V.'. ' a ,l ' 1 % m uMf , ‘'«mV * r% .. . Jb. .1 - .1 At! luA 1 ' Vt ...tttlal it ia 


On the Eastern bank of the Rhine, oppoahe tp Boun, 
rises abruptly from the bnrd*«B of tfie liver the chain W 
mountains, called the Siabengebirge, from die seven 
principal peaks that strike tM eye from a distance. 


festal itsefr throughout Germany, whilst it is probable, 
that many of the trap rocks alluded to belong to the claas, 
‘ which has been in general omitted, namely, that of sub- 
marine lavas ; nevertheless it may^ave its um, in point- 
5b 2 
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ing out an important fact in the natural history of volca- 
nos, namely, the linear direction which they assume, and 
their connection with the leading chains of mountains 
in the country, corresponding also with the direction, in 
which the shocks of earthquakes are most commonly 
propagated, and in which hot springs occur. 

Hungary. 

Connected with some of the more Eastern of these 
groups, is a very extensive volcanic formation in the 
North of Hungary, consisting of five principal groups, 
the first of which, in the Strict of Sehemnitz and Krem- 
nitg, occupies on elliptical spate of about twenty leagues 
by fifteen. * 

The second, a smaller group South of the preceding, 
forming the mountains of Dregeley, near Gran, on the 
Danube. 

The third, a mountain group known by the name of 
Matro, situated in the heart of Hungary, East of the 
former. 

The fourth, a chain which commences at Tokai, and 
extends North to the heights of Eperies, in length 
twenty-eight or t hirty leugues, and in breadth about five 
or six. 

The fifth is that of Vihorlet, East of the foregoing 
group, which is connected with the trachytic mountains 
of Marmarosch on the borders of Transylvania. 

The latter form a wide range extending from Vasar- 
hely near the Western declivity of the Carpathians along 
the line of the river Marosch, nearly to Cronstadt on 
the frontiers of Walachia. 

Now it is remarkable, (hat. throughout th# whole of 
this tract, studded as it is with indications of volcanic 
agency, no evidences of a continuance of the same has 
been discovered, unless the Sol fa tar a of Budoshegy in 
Transylvania be regarded in that light. Neither do 
any craters exist, except at the Southern extremity of 
this latter chain, and perhaps near the Lake of Balaton 
in,. Hungary. 

In other situations, the prevailing rock is trachyte, 
which occurs in'a state of greater developement, and con- 
sequently under a greater variety of aspects, than uny 
where else in Europe, This is associated with pumice 
and other cellular products, which indicate that it was 
not formed under deep water; an inference confirmed by 
observing, in the pumioeous conglomerates derived from 
♦ he trachyte itself, shells of the same age as those met 
within the basin of Paris. (IJeudant.) It would seem 
then, that the volcanic eruptions of Hungary took place 
at a period, whenHhe low country was overspread with 
extensive fresh-water lakes, of which that of Balaton, near 
which locality they appear to have continued longer than 
elsewhere, is the only considerable remnant. 

lu Styrm also, a little to the South’ etyplTof Gratz, 
occurs a series of volcanic hills, grouped round a cen- 
tral trachytic eminence, the Gleichenburg. (See.pl. v. 
fig. 10. for an ideal section of the arrangement of the 
strata round the central trachyte in that Country.) And 
it is probable that others exist in mafty parts of Turkey. 

ft! is certain that on either side of the Sea of Mar- 
mora, from the Dardanelles upwards to Constantinople, 
occur volcanic rocks, whose porous and vitrified aspect 
announces a modern origin, but they appear to be des- 
titute of craters* . 

, On the Volcanos of Am. 
t Asia Minor * 

With tin* line of eylinct volcanos on the shores of the 


Bosphorus is probably connected that which has beep CM**, 
described by Mr. Webb as existing }ti the Troad, and Ck'ffi 
which is developed still more extensively in the neigh- 
bourhood of Smyrna. The latter district was called, 
according to Strabo, the Catocecaumene, from its burnt 
and arid appearance, nor does this ancient Geographer 
hesitate, to refer tire characters it bears, to the action 
of fire proceeding from the earth, (air© yiyy «rwv irvpor.) 

He also speaks of a Plutonium ,ot cave exhaling car- 
bonic acid, which still appears to exist in this neighbour- 
hood, a proof of the long continuance of processes 
resulting frofliti this deep seated cause. 

i 4 Dead Sea. 

In Syria, and especially in the neighbourhood of the 
Dead Sea, occur indications of volcanic action, belonging 
apparently to a still more recent date ; at least, if we are 
justified in supposing the awful event, relative to the de- 
struction of the cities of the Pentapolis, recorded in the 
Book of Genesis, of which the Dead Sea is stated as the 
result, to have been brought about by the immediate 
operation of volcanic forces. 

The exact mode, in which it came to pass, that the 
River Jordan, whfch appears at one time to have flowed 
into the Red Sea, (see pi. vi. fig. L) created that ex- 
panse of waters which now occupies the valley of the 
Pentapolis, and in which the stream at preseut loses 
itself, must of course continue a matter of surmise, until 
some adventurous traveller shall have examined the 
country South of the Dead Sea with Geological eyes. 

It may, however, be suggested, that if one of those vol- 
canos which, we are told, exist South ot the Dead Sea, 
had given rise to a current of lava of considerable thick- 
ness, which took possession of the bed of the river, 
the waters of so considerable a stream, confined within 
the compass of the valley, woufd have spread them- 
selves over it, until they had converted whut was before 
a fertile plain into a wide waste of waters. 

Such a supposition is at least agreeable to analogy, 
for Auvergne alone supplies us with more than one in- 
stance of a lake being produced, owing to the ponding up 
Of the waters of a river by a stream oflava; nor ought 
'it to be objected to as inconsistent with the authority of 
Scripture, which in this, as in other instances, only 
Informs us, with Tegurd to the reality of the event, and 
the mcgal end it was intended to answer, ^Without seeking 
to enlighten uh relative to the physical means by which 
it was brought about. ' 

Dr. Clarke and other travellers notice similar volca- 
nic appearances in Palestine ; and some of the sacred 
Prophets, from certain allusions that* occur in their* 
writings, appear to have been eye- wi Jesse's of, or at 
least familiarly acquainted with ,« volcanic phenomena. 

Bed Sea. 

The existence of extinct volcanos at Shertn in the 
Peninsula of Mount Sinai, m a y enable us to connect the 
phenomena exhibited in Palestine with the active vol- 
cano of the Island of^bbel Teir hi the Red Sea, and 
with other ap)>earantet ofHhe same kind that have been 
noticed in Arabia. * « 

o Centred Asia. 

There is reason also to believe, that volcanic operations 
may be traepd ^Itfng a line,, where we should be least 
disposed to anticipate their occurrence; namely, across 
the centre of great Asiatic Continent. To the West 
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Geology* and South of the Caspian lies the chain of the Cauca- 
Ch.Hi*. sun, which presents in many parts indications of the 
- ^ v — ^ hind. Mount Ararat itself is stated to be an extinct 
volcano, and some mountains further North, near the 
Elver Kuban, are stated to be composed of materials 
similar to those of the tracbytic hills near Bonn* t>e- 
mavend, the highest peak in the chain of Elburs, itself 
a branch of the Caucasus, is an extinct, if it be not now 
an active, volcano, for it is* reputed sometimes to emit 
smoke, and Morjer mentions traces of the action of Are 
South of this point, between Teheran and i&p&hau. 

It we cast our eye on the mass of .CentraLAsia, we may 
observe a series of lakes or seas, of which tne Caspian is 
the most Eastern, extending far into’the Chinese terri- 
tory. These lak^s are indications of a great depression 
of the Earth's surface, which Humboldt conjectures to 
extend Northward to the Frozen Sea, at the mouth of 
the River Ob, on the Eastern side of the Oural moun- 
tains, aud which stretches Eastwards between the two 
nearly parallel ranges, the Altai and the Teen-shan or 
Celestial mountains. This depression is not merely a 
relative, but an absolute one, for Engelhardt and Parrot 
have ascertained by barometrical measurement (and # the 
same has been confirmed in a very ci mark able manner, 
by the observations made on the boiling point of water 
by a recent English traveller Captain IVlonteith) that the 
Caspian, which occupies its present level, is below the 
surface of the Ocean ; and the existence of salt in the soil 
as well as in the lakes, together with the presence of sea- 
shells identical with existing species, indicate, that at no 
very remote era, Geologically speaking, a large portion at, 
least of this tract was occupied by water, of which the 
Caspian, the Lakes of Aral, Baikal, &c. are the residue. 

Now it is in this depressed portion of the great Asia- 
tic Continent, that the volcanos, which are reputed to 
exist in Central Turtary, have broken out. 

The extinct volcano of Aral Toobe, which is an Island 
in the Lake of Alakul, and the Solfatara, as Kemusal 
calls it, or the active volcano, as Humboldt is inclined to 
consider it, of Peeclfan or the W Lite Mountain, both lie on 
the Northern declivity of the Celestial Mountains, the 
latter not very distant Irom the Lake of Jssikou), which 
appears to he about double the size of that of Geneve. 
It had an eruption in the filth Century. , In its neigh** 
bourhood is a mountain called Ourumski, five leagues 
•iu circumference, which produces immense quantities 
of sal-ammonitfc, and which probably is the crater of a 
Solfulara, or half-extinguished volcano. Near the Lake 
of Darlai a^o is a small mountain full of fissures rising 
out of a plain adjoining the banks of the River Kobok, iu 

• which the satn<; salt, sublimes. 

* Eastward of Pechan, the whole Northern slope of the 
Celestial Mountains presents volcanic phenomena, for 
Java and pumice ^abound, and various exhalations are 
here and there emitted. 

Southward of the same chain also occurs the volcano 
of Tour fan, ifl latitude 48° 34', called Ho-Tcheou, town of 
fire; though it seems doubtful, whether this be iu an ac 
live condition at present It i»^nsid to be in the midst 
of several considerable, though, according to Humboldt, 
shallow lakes, md produces large quantities of sal-am- 
moniac, Thus Humboldt concludes, that we arc ac- 
quainted with a volcanic territory in the interior af # Asia, 
•the surface of which is upwards of 2500 square leagues, 
**ud Which isdistant 300 or 400 leagues from the sea ; 
a remarkable exception .certainly to tlie general fact of 
the propinquity of vofeanos tp the Ocean, though one 


not more extraordinary, perhaps then the, position of 
Jorullo iu the centre of Mexico, seeing that all these; 
volcanos, in consequence of their mutual connection, 
may be supposed to communichte with the lakes, that 
occur in the longitudinal valley in whkh they are . siu - 
ated, just as the Mexican volcano, by iti| (mrmpUqn with 
the other vents which stretch across the American Con* 
tinent, appears to be with either Ocean. 

Kamischatka . 

The exact condition, however, in which the volcano* 
of Central Tartar now contiiiSp, must, after all* be open 
to some uncertainty, seeing they have never yet been 
examined by any European traveller; and the only ones* 
whose existence On the Continent of Asia can be looked 
upon as ascertained, are those in the Peninsula of 
Kamtschatka, where three in a very active condition are 
enumerated # * 

Thence we may, to all appearance, trace a chain of 
volcanic operations along the Aleutian Islands to the 
Peninsula of Alapchka, in North America, where indi- 
cations pf the kind are said to occur. 

Among the Aleutian group, Langdorf has described a 
rock near the Island of Unalaschka, 3000 feet in height, 
consisting of trachyte, which made its appearance at once 
from the bottom of the sea in the year 1705, an occur- 
rence, which may serve to render more credible the 
traditions which have reached us, as to the rise of new 
Islands elsewhere in the sea. 

The volcanos of Kamtschatka are connected again 
with a very extensive range of similarly formed moun- 
tains in ij|afmn, through the medium of those of the 
Kurule Islands, in which no less than nine active vents 
are enumerated. 

Indian Archipelago. 

Other links in the same extended chain of igneous 
operations may be observed in the Islands of Loo-Choo, 
probably in that of Formosa, and in others connecting 
Japan with the Philippine group. (See pi. vi. fig. 4.) 

Lukoil, the largest of these, contains three active vol- 
canos, one of which, that of Teal, South of Manilla, had 
an eruption iu 1754. The Islands of Fugo and Magin 
dunao likewise contain each a burning mountain. The 
line is thence prolonged through Sauguir aud the North- 
east extremity of Celebes, by Termite and Fidore to the 
Moluccas, In SumhaWa, belonging to this latter group, 
one of the must formidable eruptions ever known bus 
been recorded by Sir Stamford Raffles, the effects of 
which were felt over a space of 300, miles, extending 
itself through the whole of the Molucca Islands, Java, &c. 

From Sam haw a a great transverse line of volcanic 
operations may be traced from East to West. Ou theWest it 
passes thrqpgh Java, then bending Northwards is pro- 
longed thrbtigh Sumatra, and terminates in Barren Island, 
in the Bay of Bengal, about the 12vh degree of North 
latitude. (See pi iv. fig. 4 ) To the East of Hambawa 
the volcanic range extends itself to Banda and New 
Guinea, and then expands over the greater part of the 
Pacific Ocean, which appears to constitute but one great 
theatre of volcanic operations. . 

Pacific Ocean . 

The Islands dispersed over this vast expanse may in- 
deed be referred to two classes; those of low elevation, 
which appear to constat entirely of coral reefs, and those 
of more considerable height, chiefly consisting of volca- 
nic peaks. But even the former appear to be in the 

/ • 
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fleology. great majority of instances based upon submarine vol- 
C •. lii- canos; for it seems to be ascertained, that madrepores will 
-^'V***' not commence their building operations at a depth 
greater than about twenty feet below the surface of water ; 
and where the subjacent stratum has been explored, a 
rock of volcanic nature has in general been detected as 
its basis. Among the loftier Islands of the Pacific Ocean 
occur some of the most remarkable volcanos of the 
Globe, especially that of Kirauea in the Island of 
O why bee, described by Mr. Ellis, which appears to lie in 
a state of incessant, activity* and Mouna-roa, an extinct 
one, the height of which is calculated at 16,020 feet. 

Other vqlcauos are stated to occur in different, parts 
of that extensive tract, as far as New Caledonia and New 
Hebrides. The separate mass of New Zealand, with 
which Norfolk Island is connected, may be viewed as 
the Northern extremity of the bulwark ; its Eastern can 
* hardly be fixed at any nearer point than the coast of 

America, since it appears, that an active volcano at pre- 
sent exists among the Galapagos only 10 degrees West 
of Quito. 

On (he Volcanos of Africa. 

Nor are volcanic phenomena limited to those Islands 
only which lie Eastward of the Indian Archipelago; 

4 for we have reason to believe, that a large proportion of 

those which may be regarded as dependences upon the 
Continent of Africa, are derived in great measure from 
the same cause. 

How, indeed, the case may stand with regard to the 
largest of them, Madagascar, our imperfect acquaintance 
with that extensive tract afford* us but few data for <le- 
* termining ; though Ebel (Ban der Erde) states the ex- 
istence there of a volcano, and some specimens that 
were sent from thence to the Geological Society seem to 
corroborate his statement. 

Wo know, however, that the smaller Islands in its 
vicinity, namely, tin* Mautilius and the Isle of Bourbon, 
are made up entirely either of volcanic materials, or of 
the coralline limestone of modern growth. In the 
centre of both 1 these Islands rises a conical mountain, 
constituting the most elevated point of each; but m the 
Mauritius there is no semblance of volcanic action at 
present, whereas, in the Isle of Bourbon exists one of 
the most active vents in the World ; for since 178b, the 
year in which a register of its eruptions was com- 
menced, up to lMJl, at least two lava streams unnuallv 
have been thrown <Kit from the sides of the mountain, 
and of these, eight have reached the shores of the sea. 
These currents oHavu from the lower part of the moun- 
tain are followed by ejections from the craters situated 
on its summit, and amongst the substances thrown out 

* is thut filamentous variety of pumice, which so, resembles 
■ spun glass in appcurunce and flexibility. 

These lavas arc of a iraehytic character, but the 
• Island itself ih principally composed of beds of compact 
and amygdtdoidal basalt, alternating with tutts, the whole 
being intersected by basaltic dykes. 

* Besides this active volcano, an extinct one of larger 
size, called Les F'mrnaises, exists in the West of the 

* Island, On the C ontinent of Africa itself, we have no 
well-ascertained instance of volcanic agency* though the 

■ German traveller Rflppcll reports, that in Kurdofan, 150 
leagues from the Red Sea, and, consequently, fer* iri 
the interior, a corneal and smoking mountain was stated 
to him as.Vxisting* 

We wiW proceed, ^therefore, to the Islands on the 


Western side of Africa* beginning with St. Helena, Geology, 
which appears to be made up of coralline limestone and in. 
volcanic matter, the disposition of the hitter being to- ' m **v*~ 
wards the centre of the Island, where a crater-shaped 
cavity exists. # 

The Island of Ascension, of Tristan d'Acunha, and 
that called Gough's Island* are also volcanic* and so 
likewise are those of Fernando Po and Prince’s Island, 
in the Bight of B infra, , 

The Cape Verd Islands are composed chiefly of 
tertiary limestones and volcanic products, but no active 
volcano exists amongst them, except in the Island of 
Fuego, which is reported to lie in a state of constant 
activity* 

Canary Islands, '* 

Ferro, the next in the series, is volcanic, and a 
burning mountain burst out in it in 1677, which again, 
iu 1692, caused an eruption of six weeks’ duration. 

indeed, the whole group of the Canaries seems to be 
placed within the sphere of the same .submarine volcano ; 
for although vestiges of other rocks are met with, as q( 
granite and mica slate in Gomera, ami of limestone iu 
Great Canary, Forvivcutura, and Lanzerole, yet none 
of these Islands are exempt from occasional manifesta- 
tions of the same igneous action. 

Tencriffc 

Iri the Island of Teiieritfe we see exemplified, almost 
every variety of volcanic product that elsewhere exists. 

The Peak, a conical mountain winch rises to the 
height of about 12,000 feet, is itself composed of tra- 
chyte, but it rises out from the midst of rocks, consisting 
of basalt and the compactor forms of pyroxenic lavas. 

The crater of the Peak has given rise to ejections of 
vitreous lavas, partaking of the character of obsidian, 
together with loose masses of this substance and ol 
pit mice. 

At present, however, the principiu eruptions lake 
place from the flanks of the inquulum, and at a much 
lower level, namely, from the parasitic com* of the moun- 
tain Clmhorra, which bears :he same relation to the Peak, 
that the Monte Rosso does m Etna; and it is icrnurk- 
ahle, that pumice neve; has been thrown out by any of 
these later paroxy finis, the products of which are lavas 
or loose masses, possessing a stony aspect, a black* 
colour, and a large proportion of pyroxene ; substances, 
in short, bearing the some relation te the compact traps 
constituting the basis of the mountain, whieh the tra- 
chytes do to the clay porphyries found amongst older rocks. 

The remainder of the group, as de*v‘ubed by Von • 

Bnch, appears to consist of submarine lavas* similar to # 
those which constitute the baa^ of Tent* rifle ; iif the 
Islands of Great Canary, of Pitknu* atv.l others, the beds 
composing them rise in all directions upwards towards 
the centre of the Island, where occurs a circular cavity, 
called a Caldera, similar in shape to a crator, but desti- 
tute oflavtt currents, mare profound and abrupt* and of 
greater circnmtercnce. 

The Caldera in the Isle of Palma is 6000 feet in 
depth, and about two leagues in diamejer, and from its 
summit, the edges of the beds, of which the Island is 
composed, are seen in regular succession* intersected by 
a network of basaltic dykes. • 

Another prominent feature in these Islands, in the 
occurrence or deep and abrupt valleys called Barancos, 
which intersect the strata, radiating in all directions 
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Urol ug> . from the centre to the circumference. Their precipitous 
( - :h * escarpments, and the absence of any streams running 
through them, plainly denote that they owe their origin, 
not to water, but to something connected with the pe- 
culiar physical structure of the Island; and Von Buch 
observes, that both the position of the rocks themselves 
and the barancos with which they are intersected, admit 
of a simple explanation, if we suppose a succession of 
submarine lava-beds j.o have been up heaved by the 
action of elastic vapours from the bottom of the sea, the 
Caldera, towards which all the strata rise, being the point 
that first yielded to the force applied, the Barancos, a 
natural consequence of the splitting* which would be 
caused by the increase of surface over which th<| rocks 
were spread, when raised up from their original ho- 
rizontal position at the bottom of the sea. 

As this mode of explanation has, however, been lately 
disputed, we shall defer the consideration of it to, a later 
portion of this Treatise, and shall, therefore, only remark 
that the Caldera of Vaudama, in the Island of Great 
Canary, is composed principally of trachyte, (see Von 
Buch, p. 2(51.) and therefore could not have been byilt 
up by a number of successive eruptions, us has been the 
Case with some craters. (See pi. iv. 3.) 

The Island of Lancerote is somewhat, differently 
formed from the rest, presenting a series of not less 
than twelve little volcanic cones, three or four hundred 
feet in height, composed of harsh, porous, sharp 
Uipilli, provided each with a crater, lying exactly in a 
line, as if they had been thrown up from a large fissure 
or rent extending ac ross the Island, which had a com- 
munication with the interior. 

Lancerote has been visited with several formidable 
eruptions, especially one which continued at intervals 
from 1730 to 1730, so severe as to drive away the inha- 
bitants entirely ; and another in 1824* in which a new 
volcanic mountain was formed by the stones ejected. 

Madeira is composed in greaf measure of the same 
materials as the /oregoing Islands, but, no vestiges of 
any recent vulcanic* operations are discoverable ; and the 
same remark applies to Porto Santo, winch consists of 
an alternation of the above rocks with tertiary lime- 
stones, aud sandstones disposed horizontal !\\ 

» 

Mount At! cut. 

• Certain parts of Mount Atlas on the Continent of 
Africa, opposite to the Islands just alluded to, are said 
likewise to be volcanic. * 

The mountain called Black Harnsch consists, accord- 
ing to Humboldt, of basaltic rocks of a grotesque form. 

• Its Western rapgc. called the Mountain of Soudan, has 

# been explored by Ritchie, who describes it as formed 
by masses of brfsalt, which have burst through tertiary 
limestone containing fossil fish, as in the Vicentin. It 
was the Mods Atev of Pliny, and if any reliance is 
placed on the accounts of volcanic appearances reported 
to have bee it seen by Hamid whilst circumnavigating 
that part of Africa, it is more likely, that he should have 
referred to these mountains, than to the volcanos of Tene- 

• rifle, which were too distant from the coast for him to 
have touched upon. 

Azores, • 

. The foot group of Islands in any degree connected 
with this portion of the Globe ia that of the Azores, and 
this also ia altogether of a volcanic natflre.' The Island 
of St. Michael, the largest of them, contains several 


conical hills of trachyte, some of them with craters, and 
covered by the pumice and obsidian they had ejected* 
This trachyte has, however, been protruded through 
strata of basalt and tuff, which constitute the fundamental 
rocks. 

El Pico, the summfit rtf which is 0000 feet above the 
sea, consists of a conical mass of trachyte* from which 
smoke is constantly issuing. In IR12, an eruption took 
place from the Island of St: George contiguous, which 
was probably connected with this same volcano, considered 
the only active one in the whole group. 

In 1811 a phenomenon occurred near thi^ group of 
Islands, similar to that already described as having takers 
place near Sicily, and in the Grecian Archipelago. 

After & succession of earthquakes, experienced more 
or less sensibly in all the neighbouring parts, a new 
Island rose in the midst^of the sett, of a conical form, 
and with a crater on its summit, from which flame and 
smoke continually issued. The island, when visited 
soon after its appearance by the crew of the British frigate 
Sabrina, was about a mile in circumference, and 200 or 
300 feet above the level of the Ocean. 

Like the Island of Sciacca, however, it sunk again 
into the sea, after continuing to be visible above the 
waters for some weeks. 


Geology 
Ch. III. 


On the Volcanos of America . 

Antilles . 

All the smaller Islands constituting the West -Indian 
Archipelago, are composed either of coralline limestone 
of very recent formation, or of volcanic materials. 

Those which consist wholly of the former, are of ex- 
tremely low elevation, whilst the volcanic Islands rise 
often to a considerable height. The latter group may 
be divided into those which are entirely volcanic, and 
those which contain an intermixture of calcareous rocks. 

The first of these classes comprises the following. 

1. Grenada, in which there is an extinct crater filled 
with water. 

2. St. Vincent, the site of art active volcano called Le 
Soujfricr, which had a tremendous eruption in 1812. 

3. St. Lucia, which also coutuius a very active volcano. 

4. Dominica, the site of an extinct volcano. 

5. Montserrat, of n soifat&ra. 

6. Nevis, of the same. 

7. St. Christopher's, of ditto. • 

8. St. Eustaehia, of ail extinct volcano. 

The second division would comprehend, 

L Martinique, which consists chiefly of felsp&thic lay a, 
constituting its three peaks, but which has calcareous 
Tocks rest fog upon these volcanic materials. 

2. Guadal')iipe,one portion of which consists of coral- 
line limestone, the other of volcanic rocks, containing 
fourteen craters, one of which is in an active condition, 
and had an eruption in 1797. * 

3. Antigua, in which calcareous rocks of recent origin 
predominate. 

4. St. Barthelemi. 

5. St. Martin. 

6. St. Thomas, of which we possess no precise infor- 
mation. 

It may be observed, that all those Islands which ex- 
hibit traces of the recent action of fire, are situated in a 
line on the Western boundary of the range* from north 

latitude 12° to 18°, and West longitude 61 to 68 . 

* 
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a*>logy„ Whatever indications of the kind occur further to the 
Ch> 111. W«#t* belong to eruptions of an older date. 

*+**/*»*' Thus the volcanic islande of the Antilles seem to be 
the links, which connect the chain of primary mountains 
in the Ourucoas, with that which runs across the Islands 
of Porto Rico, St. Domingo, Jamaica, and Cuba, both 
which lie nearly at right angles to that of the volcanic 
Islands enumerated- Yet the connection between the 
two is evinced, from the earthquakes, to which the non- 
volcanic chains above mentioned are so subject, ceasing, 
upon the breaking out of an eruption in one of the vol- 
canos of the neighbouring Islands. 

On the Continent of North America we meet with no 
recent volcanos further North than California, where 
three are stated as being at present in activity, although 
t little is actually known concerning them. 

Mexico. 

In Mexico, traces of volcanic action belonging to every 
Age are strikingly manifest. Basaltic rocks ancl other 
modifications of pyruxenic lavas are met with in abun- 
dance, but the most elevated parts *are composed of 
trachyte, which appears to have burst through the pri- 
mary rocks, constituting conical or pointed mountains 
‘ of enormous height. There would even seem to be a 

passage from these into granite, through the medium 
of a species of porphyry, which, though it partakes of 
the same ingredients as trachyte, is of a compacter 
texture, and winch seems at the same time to be inter 
stratified with the priuflltne rocks of the country. 

Hut Mexico also ftb^nis a chain of uctive or half- 
» extinguished volcanos, ranging in a linear direction 
across the Continent, and consequently at right angles 
to the primary chain above mentioned, which runs 
North and South. 

In the parallel of the City of Mexico occur no less 
than five burning mountains, placed so much in the same 
line, that they appear to be derived from a fissure tra- 
versing Mexico from West to East ; ami it is interesting 
to remark, that if the same parallel line which connects 
these volcanos be extended in u Western direction, it 
would traverse the group in the Pacific called the Jsles 
of Rivillagigedo, which there is reason to believe arc 
also volcanic. See plate vj, fig. 3. 

The most Eastern of these, that of Tuxtla, is situated 
a tew miles lo the North-West of Vera Crux. In the 
same Province, but ^further to the West, occur the vol- 
cano of Orizaba, the height of which is 17,300 feet, and 
the ]H?ak of Popocatepetl 800 feet higher, the loftiest 
eminence in New Spain ; whilst on the West of the City 
of Mexico are the two remaining ones, Colima and Jo- 
• rullo. The elevation of the former is about 9000 feet. 

That of the latter much less considerable. It is remark- 
able, huwever, as affording us an instance of the break- 
* ing out of a volcano in a new sj>ot ; for the origin of 
• this mountain dates no farther back than the year 1759, 

when it was suddtmly thrown up, with five smaller coni- 
cal masses, from the midst of the plain called the Mal- 
pays, which also, over an area of three or four square 
* miles, was tifiheaved with an inclination increasing from 
the circumference to the centre, the former being only 
thirty-nine feet above the old level, the latter no less than 
524 feet. (Sets plate jv. fig, l and 2.) 

Thousands of small cones from six to one hundred 
feet in height, called by the Indians Llornitos, or Ovens, 

' are scattered over this uprated plain ; they consist of 


clay intermixed with decomposed basalt, and are con- Geology 
tin ually giving out steam. 

Jorullo, at the time Humboldt visited it, was still 
emitting smoke, and had thrown out from its North side 
an immense quantity of scoriform and basaltic lavas. 

The surface of the Malpays was also still hot, and two 
streams of water, which were swallowed up in the hol- 
low caused by the upheaved strata, reappeared on the 
other side of the plain, as Warm springs. 

In this brief account of the curious and instructive 
phenomena of Jorullo. we have taken for our guide, 
Humboldt, as the only scientific traveller who has 
given us an account of it, after an actual inspection of 
the spjot. We arc uware, indeed, that doubts have been 
thrown upon Ins explanation by certain English Geolo- 
gists, who are reluctant to admit the fact, of upheav- 
ings having taken place amongst volcanic materials ; 
but without entering into this question at present, we 
may remark, that those who admit the uplifting of a whole 
Island at once fmm the bed of the Ocean, (and who, that is 
conversant with volcanic phenomena, can question that 
such events have occurred ?) need led no difficulty in ad- 
mitting the testimony of the Indians, or the opinion of 
Humboldt, with i raped to the fact of a mountain like 
Jorullo having been uplifted bodily from the interior ot 
the Earth. 

The active volcanos above enumerated are connected, 
one with the otliet, by several which arc extinct; thus 
between Orizaba and Popocatepetl, lies the Coflrc de 
Perote, and between Popocatepetl and Jorullo, the ex- 
(met volcano of Mexico, otherwise called Jztaccihuwtl, 
whilst Col it mi. as we have seen, lies between Jorullo ami 
the Islands of Ri\ illagigedo above noticed as volcanic 

In tlie new Republics! of GuahmaJu and Nicaragua, 
a hue of volcanos occurs lying parallel, instead of trans- 
versely, to the chain of the Cordilleras. Retween North 
latitude 10 J and l.V 1 , twenty-one active vents are enu- 
merated. South ot the Isthmus of Darien, in the Re 
public of (’olumbia, no less than thirty'll occur. 

One of these, the Peak of Tolimvi, i* in the depart- 
ment ol ( undinnmarca, and the Province of Bogota, toii;> 
leagues from the coast, and amongst the central Andes. 

Seven are in the department of Cnucu, which extends 
along the coast of the Pacific*; four of them belong to the 
group ol Popayan, ami three to that of Pantos, two Pro- 
vinces comprehended in that department; whilst furthes 
South, in the Province of Pichinca, or 4Juiln, belonging 
to the department of ipclEqmonr, are five active volcanos 

The connection between these last, and the volcanos 
of the depailrnent first mentioned, was ‘evinced in 1797 
by Inc following circumstance. * 

A dense column of smoke bad for some npmlhs been « 
observed to issue from the volcano of Part a in the Walter 
Province, which all at once disappeared ; and it was after- 
wards found, that at this exact time the town of Rio- 
bomba, sixty-five leagues further South in the Province 
of Pichinca, winch lay contiguous to the volcano of 
Tunguragua, was destroyed, by a fearful earthquake. 

Jt is remarkable that the whole of this line of vol 
canoe* lies Westward of the Andes. To the East of 
this chain exist, indeed, three srnal} vents near tfie 
sources of the River Caqueto, Napo, rfhd Morena ; but 
then#, according to Humboldt, probably result from the 
lateral action of those of Popayan and Panto, whife} 

Buenos Ayres, Bcaztl, Guay an a, and Venezuela arc 
altogether destitute of these phenomena. 
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South America . 

On the Western side of the Cordilleras, however, the 
line of Volcanic operations would seem to ext end unin- 
terruptedly along; the whole coast to Chili ; for although 
in the interval of 30 degrees that occurs between the latter 
Republic and Quito only one burning mountain exists, 
that of Arequipu in Peru* yet it seems probable, from 
the frequeut earthquakes that agitate the intermediate 
tract, that the same processes are going on beneath, 
although no permanent vent exist for the discharge of 
elastic vapours. 

In Chili, sixteen active volcanos are enumerated, of 
which two only exist oif the coast, the rest being aituated 
in the midst of the range of mountains, which runs in 
a direction neurly parallel to it, but further inland. Thus 
we may truce a line of volcanic operations along the 
greater part at least of the Western coast ot South Ame- 
rica, the loftiest eminences being of trachyte, which en- 
circles in zones a large portion of the table land, but 
rarely expends into the valleys, forming conical moun- 
tains, which often serve as vents tor the neniony 01 
solid materials elaborated below, but at otiiei times are 
unaccompanied with lava streams or scoria*, and appa- 
rently have no vestige o i any ci liter. 

The latter appears to be the case with Chimborazo, 
tin* highest point of the New World, whilst Cotopaxi, 
the next in point o! elevation, has given birth to frequent 
and violent emptions 

SeotIon 2 . 

Other Phenomena referable to volt tunc oct/on. 

We have now completed our proposed sketch of the 
distribution of those volcanos, which either arc in acti- 
vity at the present time, or, if dormant, have at least left 
such evident traces of then fbrmei existence, in the rocks 
which they have ejected, ot the lava currents which t hey 
have, poured forth, that we cannot hesitate in regarding 
their operations, ageing of the same nature, and In might 
about under the same external circumstances, as those of 
which w'C are e\e-v\ it nesses. 

Wide indeed as may fie the interval, in an historical 
sense, between certain of these, as, for instance, between 
the latest, eruption even ot the volcanos ot* Auvergne, and 
•the earliest recorded one ol Vesuvius; ytM the whole to- 
gether con *4 1 titles the same geological epoch, one m 
which l he general fcutims of tne country were nearly us 
at present, the climate not materially diffeient, and the 
races of anittialfe those which are now existing. 

And although the earlier volcanic locks, found in these 
Countries,. were produced at a period to which these re- 
marks clo not apply, one in which large fresh-waler, and 
in some instances salt-wtyter, lakes occupied what is now 
dry land, when the climate was warmer, and the animals 
in many cases Mich as now no longer hv£ in any jJart of 
the Globe ; yW are these so connected in character and 
position with the more modern products of volcanos 
alluded to, that we need not hesitate, either to refer them 
to the same cause, or to comprehend them inf our enu- 
meration. 

The case of the trap rocks is somewhat different ; for 
though few at present contend that they are of aqueous 
•origin, all must admit* that if produced by volcanic ac- 
tion, it has been by operations differing in some respects 
from those at present taking place? eHher in their 
own nature, or in the external circumstances which 
influenced them ; so that in laying the foundation for a 


series of deductions with respect to the nature ami 
effects of subterranean fire, where it may be best to throw 
aside every thing of an hypothetical character, arid to 
consider only that which is incontestably volcanic, we 
should do wrong m taking into the account these igneous 
productions of an earlier Age. 

Nevertheless there arc certain other phenomena which 
must be c ontemplated, if we wish to estimate the amount 
of volcanic action m all its different phases. 

Earthquakes. 

The first of these is earthquakes, which ma\ he proved 
on tolerably secure grounds to have, in all cases, a con- 
nection more or less iutihiate with volcanic agency, and 
ought therefore to be regarded as one of the modes, in 
which these forces manifest their existence over the 
Faith's surface at the present day. 

In some instances, indeed, earthquakes have occurred* 
so immediately antecedent upon volcanic eruptions, and 
are so manifestly derived from the baine centre of action, 
that no better proof could be offered to establish an iden- 
tity of origin. 

In other cases, the OvMeAce, though not quite so di- 
rect, is perhaps as cogent as need be required, in order 
to substantiate the point in question. When, tor instance, 
we observe two volcanic districts, both Subject to earth- 
quakes, winch are ascertained, hv their coincidence in 
time and other circumstances, to have u connection with 
the volcanic action there going on, and find that an 
intermediate country, in which t<iere are no traces of the 
operation of fire, is agitated subterraneous convul- 
sions, similar in kind, but stronger in degree, than those 
occurring in the immediate vicinity of the volcanos; have 
we not reason to conclude, that the same action extends 
rilroughmit the whole of the above area, and that it is 
this which produces in the intermediate space the effects 
alluded to, which are often the more violent from the 
absence of any natural outlet, whence the elastic va- 
pours set in motion, which immediately suggest them- 
selves to us as tin* cause of the convulsions experienced* 
could find a channel of escape? 

Now, in proof ol the former of these positions, it may 
be scarcely necessary** to do more than to appeal to the 
case ot Ktna and Vesuvius, which rarely letinn to a 
stale of activity utter an interval of repose, without some 
antecedent earthquake, (he hitler usually ceasing, ho 
soon as the volcano has once established tor itself a vent, 
whereby these elastic vapours can discharge themselves. 
Such was the cUse befoie'the celebruf/d eruption of a, d, 
7ft, in Campania, as well as in that of Etna in 1537, 
when, says Fazzello, noises were heard and shocks ex - 
pcrienced/iver t he most distant parts of Sicily. In such 
cases, no one would pretend to doubt the connection 
between the volcano and the earthquake, • 

The second point seems established, by considering • 
the tremendous earthquakes which ravage so often Cam- 
pania, and those mentioned by Humboldt as intervening 
between and in the line of the volcanos, of Columbia, 
Quito, and Chili. Von liuch has shown, in ins paper on 
Lunzerote, the comparative immunity enjoyed by Tern** 
riffe from those convulsions of Nature, which agitate the 
neighbouring Islands, destitute of that great chimney or 
satety-valve affopled it by the Teak of Teyde. 

But before wo are entitled to appeal to earthquakes, as 
affording an independent source of evidence with re- 
spect to the existence of volcanic action, it will be neces- 
sary to show, that no other nutjuftd cause is likely to 
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Geology, have produced such effects, more especially as even 
Ch* III. those who admit their volcanic origin in the above 
cases, have, nevertheless, been disposed to assign to 
them a different origin irk others. Such a distinction 
seems to he hinted at by Werner, *who acknowledged 
two classes of earthquakes : the first connected with 
a particular volcano, and felt only within a radius 
of some miles from it, and at a period when the latter 
was in a state of activity ; the latter less manifestly re- 
lated to any such cause, being spread over a much 
larger tract of country, and, therefore* as he conceived, 
situated at & f much greater depth. 

Their Phenomena. 

This renders it necessary for us to pass in review the 

# phenomena most commonly attendant upon earthquakes, 
in order to ascertain, how ||f,they appear to countenance 
the supposition, that otheV^ causes, besides those of a 
volcanic nature, might Wave contributed to produce them. 

It would greatly confirm such an opinion, if it could 
be shown, that there were any ^phenomena common in 
one class of volcanos, which w&fe absent from, or un- 
common in, the other ; but as no one has attempted 
to make such a distinction, all that remains to be done 
is to consider generally the concomitants or sequela 1 <ff 
earthquakes, with a view of ascertaining, how far they 
arc reconcilable to any other than a volcanic cause. 

None of these, indeed, can be considered as universal : 
fhus in some earthquake the shock consists in an hori- 
zontal wavy motion ; iftOthers in an upward heaving ; 

' and in a third class in a vibration backwards and 
forwards. 

There is usually a sort of subterranean noise attending 
them, which has been compared to thunder, or the rolling 
of artillery, but this is not constantly present ; and on 
the other hand the noise has been heard without any 
concomitant, earthquake. A peculiar smell of a sulphure- 
ous nature has been occasionally experienced, and other 
phenomena, such as the bursting out of flames from the 
earth, the overflowing of wells, the ejeition of water 
from Assures formed at the time, art* noted in particular 
cases. 

The following tnay be enumerated as the meteorolo- 
gical phenomena usually coincident with earthquakes. 

Irregularities in the season preceding or following* 
the shocks, sudden gusts of wind interrupted by dead 
calms, violent rains at period, where such phenomena 
are unusual or unknown in the country ; a reddening 
of the SunVdisk, and a haziness in the air often con- 
tinued for months; an Evolution of electric matter from 
the ground, together with indications of some extraordi- 
nary condition of the atmosphere, evinced both by the 
inferior animals and by man, the former uttering cries 

* of distress, and evincing extraordinary alarm, the latter 
experiencing a sensation like sea-sickness or dizziness in 
the head. These phenomena, however; appear to be 
equally common during the continuance of folcanic 
eruptions, as of earthquakes, and indicate both puses 
the tendency ‘of any great subterranean movement;* pro- 
ceeding from whatever cause, to disturb the equilibrium 
of the atmosphere. 

The only othftr hypotheses, by Which earthquakes have 
been accounted for, are, that of Stukeley, who refers 
them to subterranean discharges of electricity, and that 
of Buffotr, "who attributes them to, the falling in of caverns 
existing in the interior. of the Globe. 


The arguments that have been from time to lima ad 
vanced in favour of the electrical theory are vague and 
inconclusive ; they are drawn from some fanciful .amuo 
gies between the noise and shock accompanying light* 
ning', and those which are experienced during an earth* 
quake ; from the extreme rapidity with which the motion ' 
is propagated, to which the passage of electricity alone is 
comparable; from the electrical state of the atmosphere 
both before and after an earthquake ; and from the sul- 
phureous smell sometimes perceived, which is thought 
to resemble that produced by the electrical spark. ’ 1 

No one, however, has yet attempted to show, that any 
of the above phenomena ure limited to those earthquakes 
which "they are disposed to separate f from volcanos, 
neither do they uppear by any means incompatible with 
this pew of their nature and origin. 

Electrical phenomena ure indeed equally common 
during the continuance of volcanic eruptions, produced 
in all probability by the evolution of large quantities of 
steam and other eliistic fluids, the decomposition and 
subsequent regeneration of water, and other processes 
whifch accompany these great operations of Nature. 

The late discoveries, indeed, which have been made 
with regard to the opposite electrical condition of mine- 
ral vein.s and the rocks containing them, may lead us to 
believe, that much remains to be learned with regard to 
the agency of tins mysterious power in the interior of 
the Earth ; yet we can hardly believe, that in the solid 
strata of the (i lobe, consisting, as they do, of conductors, 
the same accumulation of electricity can ever occur, as 
that which produces the phenomena of thunder and 
lightning in the atmosphere. 

With regard to the theory of Buffon, it muy be suffi- 
cient to observe, that the existence of cavities in rucks 
can only be supposed to arise from two causes ; some- 
thing connected, either with their original formation, as 
in the case of limestones, or with the convulsions that 
have subsequently affected them. 

Now with regard to thej£rs/, it i« highly improbable, 
that any great spontaneous sinking of hollows, that have 
existed tor so long a period, should take place in the pre- 
sent day ; and with respect in the second, the very exist- 
ence of such hollows unplieH* the previous exertion of 
Volcanic agency, for we know of no other cause in nature, 
com pc lent to heave up rocks in the manner necessary to. 
produce such cavities.,;, ( «i 

Besides, although thc^feudden falling in of a cavity 
might produce a shock extending over a considerable 
area, yet there is no reason* why it should spread in one 
direction more than in another. 

In truth, however, the chief difficulty, Which prevented \ 
our predecessors from acting in this kistance orv the 
sound maxim in philosophy of not assuming more 
caqses for natural effects than were necessary for explain* 
iug the phenomena, has been removed by the progress 
of modern discovery, which, by increasing our knowledge 
of volcanos, has convinced us, that whilst their manifest 
distribution h fur more extended than we had once sup- 
posed the probable indications of their former agency 
ure terbe met with, in almost every part of the Globe 
where earthquakes have been experienced. 

This, oY course, renders it more easy to refer earth- 
quakes in general to some focus or other of volcatii^ 
operations ; especially if we assume, wh«l In iisctf is 
highly probable, Hh at the eruptions of homing ttfottn- 
tains are only tire extreme manifestations of a Chose ge- 
nerally diffused throughout Nature, and that the minor 
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indications of the same may therefore be looked for, 
where these mightier ones are unknown. 

It has, indeed, been sometimes alleged, that from the 
'Wide extent over which the shock of an earthquake is 
'sometimes diffused, the immediate seat of the action 
must be at a depth incalculably greater, than that which 
we are disposed to assign, either to volcanos, or any 
other natural force ; and Dr. Stukeley has undertaken 
to overthrow the volcanic hypothesis by a sort of rrduc- 
Uoud ubsurdum derived from a calculation of this kind ; 
showing, that as the earthquake which occurred in Asia 
Minor in a. n. 17 extended over a diameter of 300 
miles, it must have proceeded froid a point 200 miles 
beneath the surface. The superficial extent, fiowever, 
of earthquakes need not create a difficulty in the present 
day, when we are aware of the vast chances tofphich 
sound and other vibratory motions may be propagated 
along the substance of solid bodies, and are therefore at 
liberty to consider the minor effects of an earthquake, to 
be merely the undulations of the principal shock, propa- 
gated laterally through the slr.ita of the Earth. 

Gay L tissue observes, that the shock produced bj the 
head of a pin at one* of the ends 4 >fi a long beam is dis- 
tinctly transmitted to the other extremity, and thence 
infers the vast distances, to which that communicated by 
elastic vapours, suddenly generated, and struggling for 
escape, might be expected to extend. 

This consideration, whilst it renders ns cautious us to 
inferring the existence of volcanic action in every spot, 
where earthquakes are experienced, will enable us to 
reconcile their phenomena with the more moderate depth, 
which we are induced from other reasons to assign to 
volcanos themselves. 

l T pon the whole, then, we are disposed to regard 
earthquakes as exclusively of volcanic origin, and con- 
sequently to appeal to them, as indicating, in the parts 
where they manUest themselves in their greatest intensity, 
the operation of subterranean fire, regarding the minor 
shocks as mere 'undulations of the strata, occasioned by 
the primary impulse Communicated. 

Thermal Waters. 

Another class of phenomena, which, like earthquakes, 
are manifestly connected with volcanos in some instances, 
but may appear of doubtful origin in others, are hoi 
springs ; but -we confidently^^™ 1 * that a brief review 
of the nature of their contents, c»f the situations in which 
they are found, and of other circumstances belonging 
to them, will lead to the same conclusion, to which we 
arrived in the* former instance. 

The solid contents of thermal waters, being ooviously 
derived in mokt instances from the rocks through which 
they have percqjated, afford Ultle either to confirm or to 
refute this opinion ; but the gases which accompany 
them are plaitity to be traced to the immediate source of 
the heat, olid are given off by the processes to which 
the latter must be referred. 

p The Gates given out by them . 

Now if it should appear, that the same aeriform fluids 
are evolved from hot springs, which appear to be emit- 
ted by volcanos, a presumption will arise highly favaur- 
hbbrto an identity in y»eir respective origins, which will 
obtain a greater degree, of force/ in# proportion as the 
fptiaea are generated lees commonly by other natural 
processes. 


Tima sulphuretted hydrogen is an ordinary accompa* Geology, 
niment both of volcanos and of thermal waters; but the t Chin, 
argument drawn from its presence ts weak, because the 
same gas often occurs in springs possessing only the 
medium temperature, aa the. effect of processes totally un- 
co nneeted with volcanic operations. 

The same remark applies to the carbonic acid SO fire* 
quently present in springs, in a proportion exceeding that 
in which it would be imparted to them by the atmo- 
sphere 

Its frequent connection with volcanos is unquestion- 
able, for there are scarcely any, that do nbt evolve it, 
either alone, or through the medium of the springs c&i- 
tiguems ; but as any cause, which was adequate to impart 
heat to the water, might equally produce an evolution 
of carbonic acid from calcareous and other rocks which * 
contained this ingredient, the proof in the above instance 
is rioi stronger than it wot^be without it. • 

But there is a third description of air evolved from 
springs, the presence of which .seems better calculated to 
establish their connection with volcanos, since, unlike the 
first, it is disengaged i,n a state of purity by no other 
known process going on in the interior of the Globe, 
and unlike the latter, cannot be accounted for, in many 
instances at least, by the mere action of heat on any of 
Ithe constituents of the surrounding rock formations. 

The gas alluded to is nitrogen, which was detected by 
Sir II. Davy in the- white vapour given off by Vesuvius 
after its eruption in 18H>, mixed with only half its usual 
quantity of oxvgen, and by.h$& brother Dr. John Davy 
in one sample of gas which fe' collected near the new 
^ olcamc Island off Sicil y . Its existence, however, in vol- • 
caims is more fully substantiated by the airnnoiiiacal 
..alts copiously evolved by many of them ; and it is 
given off from springs, Which so manifestly derive 
their temperature from their contiguity to the latter, 
that we can scarcely help placing this gas amongst the 
commonest products of volcanos, during the more lan- 
guid conditions of their action. Thus it has been ob- 
served by a recent chemist, proceeding in large quan- 
tities from a spring at Castellamare, in the Bay of Naples; 
by Professor Daubeny, mixed with a predominant por- 
tion of carbonic acid, in the hot springs of Mont Dor and 
Bourboule in Auvergne, and in those of Chaudesaigues 
in Cantal; and by M. Longchamp at Vichy: ail places, 
be it observed, so connected with the extinct volcauos of 
Auvergne, that the heat of the springs must, in these in- 
stances at least, he referred to a volcanic source. 

Now the gas evolved from the thermal waters of the 
Alps, however distant they may from volcauos iu 
action during the present condition of the surface, tfeems 
to be generally of the same description ; the carbonic 
acid, wnich may probably have accompanied it, being in 
these cases absorbed by the water through which it had 
to jiass. 

Tima Professor Daubeny discovered it on the Savoy 
side of that chain, issuing m large quantities from the 
spring of §t. Gervate ; and on the Italian side, from 
those of Salute Marguerite at Cormayeur, of St. Didier 
in the same valley, and of Bonneval in* the Torantaise, 
half-way between the Bonrg St, Maurice and the Col 
de ftonhomme. In only one of these springs did car- 
bonic acid appear to be present, and in this case it 
amounted to hbout 12 per cent, of the whole quantity 
emitted, 

Dr. tire also mentions his having detected azote • 
issuing in a state of purity from the baths of Loueche in 
5o2 1 
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Gsologv* Swiraerland. In this Country, the same gas has long 
tgo Wen detected in the thermal waters of Bath and 
Buxton ; and more recently it has been found by Professor 
Daubeny in those of Bakewel] and Stoney Middleton in 
Derbyshire, and that of Taafe's \yell in South Wnles. 

In other portions of the Globe the same 1 gas has been 
noticed in the thermal waters there met with. Thus Dr. 
Diivy detected it in a state of absolute purity issuing 
from certain warm springs near Trincomalee in Ceylon, 
and Boussingault and Rivero in certain ones occurring 
in the primitive chain of the Cordilleras iq Venezuela. 

( Annales de Ckimie , vol. xxiii.) It is remarkable, how- 
ev3r, that M. r Boussiiqf&uft' has slhce examined certain 
hot springs in immediate connection with the volcanos^of 
Equinoctial America, and finds them to give out no azote. 

The quantity of this gas emitted in a given time is 
often very remarkable ; hut the only attempt to 'obtain a 
^correct estimate of its amount, with which we are ac- 
quainted, is that by Profel$fftr Daubeny, with respect to 
the thermal waters of Hath, detailed in a Memoir read 
before the Royal Society in December, 1833. 

It appears, from uu average of twenty-four obser- 
vations made on different days of September and Oc- 
tober in that year, that the quantity of gas emitted per 
, minute from the King’s bath Alone was 267 cubic 

inches, or about 222 cubic feet in the twenty-four hours* 
This consisted of about. 97 per certt. of nitrogen, and 3 
per cent, of oxygen. There was also found a quantity 
of carbonic acid, varying froill 4 \ to 13 per cent. 

The quantity of gas emitted differed a little from day 
to day, but the variation did nqt appear to depend upon 
t the state of the barometer or other atmospheric changes. 

Thermal Waters. — Their Situation. 

The situation of many hot springs tends also strongly 
to confirm their relation to earthquakes and other phy* 
sical convulsions, thus connecting them with the samp 
series of natural phenomena. 

Where not placed in the vicinity of active or extinct 
volcanos, (which is the case with tile greats number,) 
some evidence of violence, some rending or dislocation 
of the contiguous rocks, may often he perceived. Thus 
they abound near the base of certain chains of moun- 
tains, which, in their highly inclined strata, give evi- 
dence of having beeu heaved upwards, but are compa- 
ratively rare in the low country, at a distance from those 
great centres of elevation, where the nature and position 
of the rocks indicate no changes, excepting those w hich 
may have been brought about, either by the sudden and 
violent, or the slow and continued, action of water. 

If, as in England, thermal waters also occur at a 
t * distance from any of the great systems of elevation 
alluded to, it will generally be found, that the spots 
• themselves exhibit proofs of violent, though more local, * 
convulsions having, at some period or other, taken pface 
in their vicinity. 

4 For instances of this kind, derived from other Coun- 
tries, we may reler to Professor Daubeny ’s Memoit on 
Thermal Watets ;* on the present occasion, want of space 
compels us to confine ourselves, to one or two facts 
* drawn from the Geology of England. 

Thus the defifc* from which issues the tepid spring of 
St. Vincent’s Rocks, near Clifton, is considered by tfie 
best observers as the result of some internal derange- 

* Edinburgh New Tkiksophiea/Joumal > Oct. 1831, 
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ment of the strata^ brought about by disturbing cause# gjs%y. 
of great antiquity ; and in like, manner, the similar gorge 
at Matlock, out of which its tepid springs issue* 
associated w ith a great dislocation of the strata* attri- 
butable to their having been tilted upwards at an high* 
angle to the West * 

The same fault has been traced by Mr. Farey as far as 
Buxton, and from thence to the villages of North 
Bradwell and Stoney Middleton, in all which places 
have been noticed springs, possessing a temperature more 
or less elevated above the medium point of that climate* 

We must not, indeed, expect to meet with the same 
direct evidence, in the case of every hot spring that 
comes hnder our examination. At Bath* we know of 
no dislocations in the strata posterior to the age of 
the coal and mountain limestone, ami it would* per- 
haps, lie rash to connect these with the cause of the 
thermal waters there existing. Nevertheless, when we 
consider, in how very large a proportion of cases some 
indication of an igneous character may he traced, the 
absence of proof in the few* remaining ones may, per- 
haps. be fairl) referred to the imperfection of our know- 
ledge. ( , 0 

The volcanic nature of thermal waters is likewise 
confirmed, by the relation which seems to subsist in 
general between the elevation of their temperature, and 
t lie date, which we should be induced from other con- 
siderations to assign, to the latest manifestations of vol- 
canic agency in the country. 

Thus, those which make the if rarest approach to the 
boiling point of water, are uniformly found amongst 
volcanos now in action ; next in the order of tempera- 
ture arc those associated with volcanos, which, though 
now extinct, appear to have existed at a period, Geo- 
logically speaking, recent, that is, at a time when the 
great features ot die country were neurly as at present ; 
whilst the springs, which gusli out at the fool, or in the 
midst, of uplifted chains of mountains, at a distance from 
those rocks which are generally regarded as volcanic, 
never possess a temperature so elevated, us the two pre- 
ceding classes of thermal waters sometimes attain to. 

Now, if these latter were really produced by other 
causes than volcanos, it does vot seem intelligible, why 
they should, in all cases, observe that lower degree of 
heat, which indicates, either a cause of less intensity, or . 
one whose effects have been moderated b) a louger in 
ter veiling spnee of time. 

Lastly, the other solutions of the heat of springs 
appear on examination totally inadequate wo account tor 
their phenome uu. J n t he ease pf $be Bath waters, indeed, 
the wurmth lias beeu attributed to the decomposition • 
of pyrites, in which the lias clay, from whence it testes* 
abounds; but to this it may be objected, that the same 
stratum, though equally^charged throughout with this 
mineral nowhere else throws out springs possessing 
more than the ibedium temperature ; and yet, the sul- 
phuretted hydrogen, which the latter so frequently con- 
tain, allows a decomposition of pyrites to be going on 
in several other places. Besides, it is remarkable, that * 

thermal waters, far from being impregnated with those* 
saline ingredients, which would naturally enter into 
— — — " '*“ M n1 1 

* A striking instance of the same kind, taken from the Pyrenees 
in exhibited in pi. v. tig. 8. at a place called St. Paul de Fenouil- 0 
hades, Den. de* Pyr|n6«e Orientates. We there m a thermal 
spring guan out ftdrn S narrow gorge in an el§# where continuous line 
of tiilu, the strata of which lose their hariso&tality gad sink abrojrtfy 
on both aides towards the fissure* 



their constiifftiOEU if they were caused by the heat gene- 
rated in consequence of #uch chemical processes taking 
place in the interior of the Earth, are, on the contrary, 
in ihe great majority of instances, remarkably free from 
‘foreign matter. Thus the Bath waters contain hot a 
particle of the sulphuretted hydrogen, or sulphate of 
Iron, which would have arisen from the decomposition 
of pyrites ; and the ipinenfl contents of those connected 
with primitive chains, such as the Alps or Pyrenees, 
although obviously referable to the action of water, 
assisted by heal and pressure, upon lielspathic rocks, are 
far ftom suggesting any distinct chemical operation, by 
which this heat could have been elicited. * 

Upon the whole, without pretending, that the evk* 
deuce in the case of thermal outers is so conclusive as 
in that of earthquakes, or denying, that there may he 
instances, in which springs have acquired an extraordi- 
nary temperature from local causes of a different kind, 
we hold, that their existence affords a strong indication 
of subterranean processes similar to those, which, on a 
more extended scale, gave rise to earthquakes, especially 
wherever we observe such a continuous and connected 
range of them to occur, as that which we find encir- 
cling the base of particular chains of primitive mountains, 
or associated with certain leading systems of elevation. 

„ livnfvtion of Carbon it Acid. 

There is yet another natural phenomenon closely 
connected with the subject of thermal waters, which 
remains to be considered- —we mean the evolution of 
carbonic acid from the interior of the Earth, either alone, 
or accompanying certain springs 

The relation of this to volcanic processes may liq 
established by a similar lino of argument to that we 
have pursued in the former instance, namely, by pointing 
out its frequent occurrence, in conjunction with thermal 
waters, and in situations which have undergone curtain 
physical crmvuWous. 

Thus the same country, which throws out wKrtn 
springs at a low level, and at a point more contiguous 
to the supposed focus of the volcanic action, affords cold 
carbonated ones at a higher level, or at n point, more, 
remote. The hot springs of Em* and Wiesbaden, ft# 
.instance, are found near the base of the Taunus moun- 
tains, whilst the Cold effervescing ones of &chwafbach 
and Fach ingen occur higher uj> m the same chain ; 
thus, too, the same district w hich gives ri.se to the ther- 
mal waters of Aix la Chapelie, furnished the chalybeate# 
of Spa near the autnmi# of ftfe hills above. The con- 
nection of carbonated springs «witfe faults may bo ob- 
serv'd in* Derbyshire and Yorkshire, but it has been 
more satisfactorily traced in Germany, where they have 
been found loiss&e fiwfi what h^ve been termed circular 
•valleys of elevation ; that te to say, valley* which dre, or 
appear at o*ie time to hfcve been, enclosed by escarp- 
ments, the strata dipping away in all directions from the 
centre towards the circumference. Several valleys in 
Westphalia exhibit this remarkable structure, and none 
more strikingly than that, in which the cold chalybeate 
of Pyramid is situated. In this instance the rocks ore 
composed of the variegated sandstone, the imiseh#lkulk 
limestone* and th# ken per, which are seen overlapping 
*in the hill# bounding the valley, but dipping in opposite 
direction# oh opposite sides of it, so to present t very 
where escarpment# fronting each other. (See pi. v. fig, 
7,) From the bottom of the valley carbonic acid is 


constantly issuing in large quantities impregnating 
the springs of water, and accumulating in dry pita and 
caverns, The valley of Drybmg* and other spots in 
the same country, rioted for the occurrence of cold car- 
bonated springs, exhibit a similar conformation fa their 
strata. 

Huffman, in his description of Wiesbaden, remarks, 
that in the neighbourhood of the carbonated springs 
which so abound in the Duchy of Nassau, the rocks are 
subject to remarkable changes in their dips, to saddle- 
shaped stratification, and to fractures. The character 
of the rook is also frequently more friable near tjie 
mineral springs. 

Professor Buck! and, in his Memoir on Valleys of Ele~ 
ration , published fft the Transactions of the Geological 
Society^ had previously pointed out the occurrence of 
such valleys in England ; and H may be worth remark-, 
ing, though as an isolate^* feet, perhaps, not of much 
weight, that the most important of our chalybeate*, that 
of Tunbridge, is found in this kind of situation. 

Now the relative position of the strata in these valleys 
just as obviously suggests the idea of their having been 
affected by some convulsion of Nature, as the highly 
inclined rocks of Alpine Countries; and it is impossible 
to conceive, either thrilt they could have been deposited 
•hi the first instance at so' high an artgfe, and with such 
a variety of dips, or that there should have been such 
a coincidence between the ^Jcvation of their escarpments 
on the opposite sides t f the valley, if the beds had not 
oflfce been in continuity. 

It may be inquired, whether even those accumulations 
of carbonic acid, which take place so frequently in 
neglected mines and wells, and which have imposed 
I ue necessary precaution of letting down alight before 
we. venture to descend into them, may not be. owing to 
a slow evolution of this gas from fissures beneath, in 
wWh case a volcanic action may be assigned, as, at 
feast, iis most probable cause ; the law of the rapid dif- 
fusion of all gases through the atmosphere precludes 
the possibility of attributing it to a mere separation of 
carbonic arid, in consequence of its greater specific 
gravity, fiom the other constituents of the atmosphere ; 
and foe same cnu.se would quickly dissipate it, even if it 
were given out by the decomposition of organic matters. 

Nevertheless, before we allow ourselves to adopt this 
opinion, it will be necessary to ascertain, first, whether 
in these cases any local causes for the production of 
carbonic acid exist; and, secondly, whether its further 
generation might,, in these cases, be prevented by 
covering the bottom and sides of the pit with some 
coating impermeable to air. 

Mud Volcanos or Halses. , 

With regard to those emanations of g#s and vapour, ' 
which occur in certain Countries, accompanied with 
eruptions of mud and petroleum, we must withhold 
our assent to the vulgar opinion, which attributes them 
to volcanic potion, as the name of mud volcanos, by 
which they are usually designated, seems *to imply. 

That they are often connected with them, we are not, 
indeed, disposed to deny, but they appear to be so only 
in .the relation of an effect, produced by* the presence of 
inflammable materials* brought together by the opera- 
tions of some pre-existing volcano. 

That the process itself is distinct from 'that which 
takes place, m the latter, i# evidcutjfrom considering that 
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in gvety case in which it has been examined, the seat of 
Ihe action is found to be quite superficial, and to reside 
in a stratum of very recent origin, known to be strongly 
impregnated with sulphur and petroleum. Such is the 
case lit Macaluba near k Girgenti, in Sicily, where the 
mud volcanos, as they are called, lie quite detached from 
the true volcanic phenomena of Etna or of the Vol di 
Noto, and seem manifestly dependent on the combustion 
of the sulphur, which exists in the rock in such quanti- 
ties 4$ to supply all Europe with that material. 

The same is likewise the case with the " {Salons, 1 M or 
mud volcanos of Modena, which lie at a distance from 
every genuine burning mountain ; and, according 'to 
Humboldt, with those of New Andalusia and the Island 
of Trinidad. The phenomena exhibited by those in 
Sicily, and amongst the SubapenninC Hillfc, are in 
general i>f a very insignificant kind, consisting of a mere 
evolution of water mixed with mud and bitumen in cop- 
sequence of the disengagement of gas, apparently con- 
sisting of carbonic acid and carburelted hydrogen, from 
little circular orifices on the summit of the hill. Ordinarily, 
nothing but a bubbling up of gas from the interior of 
these craters is to be observed ; but it is said, that there 
are times, mt which the process has been known to goon 
with considerable energy, for the mud has been thrown 
up in Sicily to the height of 200 feet, accompanied with 
a strong odour of sulphur. 

In the little Island of Taman, which connects the 
chain of mountains traversing the Peninsula of Crimea 
with the Asiatic Continent, the process in question seems 
to be proceeding on a more extensive scale. Pallas 
represents occasional eruptions as taking place from 
certain crevices in the rocks o( this Island, which began 
with a thick smoke, followed by a column of flame fifty 
feet in height, which continued in one instance for eight 
hours und a half incessantly, during which lime streams 
of mud flowed in all dilutions, but no lava or altered 
masses of stone were ejected. The accounts given by 
Mr. Heber, in bis Manuscript Journal attached to Dr. 
Clarke's Travels, fully coufirin this view, and render it 
highly probable, that (he phenomenon is altogether ana- 
logous to that of Macaluba in Sicily, and of thi| Raises 
near Modena. 

Assuming, therefore, these latter as the best types we 
possess of mud volcanos, am! reasoning from them to 
the rest, i( will probably appear, thiu all the phenomena 
they exhibit will admit of explanation from thfl ^mutual 
action of certain substances, original ly accumulated in 
submarine solfatarao by antecedent wolcartic processes, 
the* result of which would be the extrication of carbonic 
acid, and of an inflammable gas arising from the slow 
distillation of bituminous matters, together with the rise 
of yater, through the channels originally established by 
the gases discharging themselves upwards. That vol- 
canic action is not necessarily tjhe cause, is shown by 
finding a similar phenomenon described as occurring iq 
the Western Stales of Ohio, where it seems quite un- 
connected with any such cause 

In this sppt the salt springs, which so abound, are 
fouud U> be constantly giving rise to an evolution of 
carbu retted hydrogen gas, accompanied with much pe- 
troleum. The jets of gas are sometimes so forcible, as 
to throw the water entirely out of the spring. 

There seems, therefore, no necessary connection be- 
tween such* phenomena mod our present subject, and their 
more frequent occurrence in roc^s which lie iq the neigh- 
bourhood of volcano* may be readily accounted for, by 
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the tendency of the latter to bring together materials 
proper for carry ing on such operations. 

Emanations of Inflammable Gas, 

Still less are we disposed to attribute to a volcanic 
cause the emanations of inflammable gas, which are oc- 
casionally seen issuing from the crevices of rocks, in a 
continued, and, according to our limited notions of time, 
au unfailing current. 

The evolution of carburetled hydrogen from the cracks 
and crevices of coal mines, enables us to conceive, by 
what natural processes such a phenomenon may be ac- 
counted for, and the recent discoveries, with respect to 
the liquefaction of ilu* gases, render the regular and lust- 
ing discharge of wn*h a stream of elastic matter more 
intelligible. Now the phenomenon in question, when 
divested of the marvellous, reduces itself simply to this, for 
it is a mistake to imagine, that the flame is self-kindled* 
at least in the instances that have been well examined, 
although, when the g as is once set on fire, the supply is 
sufficiently regular to keep up a continued combustion. 

The most n^ed instances of this phenomenon are at 
the Pictra Mala, ot, r the summit of the Apennines, be- 
tween lJnlognu and Florence ; at a place culled St. Bar- 
thelemi, near Grenoble ;* and in the L'liiinarioi mountains 
m Albania, wheic it is probable that it has continued 
for the Iasi 2000 years, for many ancient writers speak 
of a Ny rnplieum on the coast of modern Albania, near 
Apollonia, ceiebiutcd for the flames that rose continually 
from it, and Dodwelfs authority establishes the exist- 
ence of the same at the present day in that country. 

It is probable, that the phenomena which occur at 
Baku on the Western side of the Caspian, where the 
soil is strongly impregnated with petroleum, are con- 
nected with these last ‘mentioned causes, rather than 
with those of genuine volcanos. 

There is indeed a report given of an eruption, w hich 
took* place in that Province tu the year 1827. hut from 
the description it would seem to amount to nothing 
more, than a combustion of bituminous matters on a 
larger scale than usual, ft is said, that a vast column 
of fire rose to ap extraordinary height, maintaining itself 
at the same for three hours, fitter which it gradually di* 
minislied to twenty inches; the fire extended itself over 
a tract of ground 1300 by 1000 feet in diameter. At* 
the time of the first eruption red-hot stones and volumes 
of water were ejected.* No appearance of a crater was 
to be perceived, but the spot, whence the column of flame 
rose, was elevated about two feet above the general level 
of the plain. Tlje surrounding iraqt resembles a 
ploughed field, and is covered with a variety jof anoma- 
lous products of heat. There are, however, no Ejec- 
tions of water, nor any of those sulphureous exhalations, 
which are commonly mat with in such cases, as at Maca- 
luba, and jp the other so called mud volcanos. 

c 

Section 3. 

Thrones of Volcanic Operations considered . « 

The phenomena, therefore, to which we feel warranted 
jn appealing, as indications of igneous action going on 

* The writer of this Article visited this spot in 1630, dud found 
that the flame rekindled when merely blown out, but that it could 
be extinguished by throwing water over it several lucceesiveHmes. 
The gas was collected and burnt, and water and corbouic acid weiw 
the results. 



GEOiOa Y. 




in the interior of the Globe, are those of volcanos, earth* 
qUake6, thermal waters, and emissions of carbonic acid 
gas ; and in order to estimate the amount of the changes 
that may have been brought about cm the crust of the 
Earth by their united operation, it will be necessary to 
inquire with respect to the probable cause of these internal 
commotions, as a dew not only to guide us concerning 
their present action, but likewise as to the probability of 
their more or less Extended influence in periods that 
haye gone by. 

The theories which have been propounded, with the 
view of accounting- for the existence of voicanic adtion, 
may be divided into two classes ; those which assume 
some chemical process, of which the heat is m?rely an 
effect, and thoSe Which, assuming the existence of the 
heat, deduce the other phenomena from its presence. 

In the former, in short, the heat is one of the effects ; in 
the second, it is the cause of all the phenomena observed. 

The theories, however, which belong the former 
of these classes, though agreeing in this one particular, 
that of imagining combustiou of some kind to have 
caused the heat, differ widely as to the material which 
excited it; coal, petroleum, and sqjijht#, having all at 
times been assumed as the main agent concerned in the 
> roc css, 

llut these substances have been shown, not only to be in 
themselves totally inadequate to explain the phenomena, 
but to be productive, when set on fire, of a train of 
effects altogether different from those of genuine vol* 

' auos ; witness those arising from the accidental burning 
of coal mines in many parts of Great Britain, of masses 
of petroleum, ns at Baku, or of sulphur ami bituminous 
matters, as at Mucnluba. 

Accordingly it is now generally admitted, that no pro- 
cesses going on near the surface are calculated to pro- 
duce the phenomena of volcanos ; and that if the latter 
arise from combustion, the materials which occasion it 
must, in part at least, be of a different description from 
the combustible* # which exist in a nutural state within 
the sphere of our observation, since m order to consume 
oxygen without substituting for it a corresponding 
amount of some gaseous oxide, the products must be 
of u fixed nature, which if not the case in our artificial 
fires. 

Recent discoveries have, however, convinced us, thut 
the whole of Ike crust of the Earth contains principles, 
which in their uncombined statue are in a high degree 
inflammable, and ‘which, for this very reason, never 
occur to 4ft, except in union with oxygen. Such are 
the alkalies and earths, which Sir H. Davy has shown 
each to contain a metallic basis, w body capable of 
ahsy*actin*g oxygen, both from common ail* and from 
water, and giving rise ait the time to a sufficient extri- 
cation oflight atfff heat,* to constitute a case of genuiue 
combustion. There must have been a time, therefore, 
when these substances existed uneombined With oxygen 
even on the surface, and there is no reason to deny, 
that the process of oxygenatiou may still be incomplete 
at those vast depths, when air and water are admitted 
but slowly, or at distant intervals. 

There seems therefore no d priori absurdity in imagin- 
ing, that volcanic action may consist in a process of 
oxygenation, caused, in part at least, by the presence of 
These substances, and all that seems necessary, is to 
ascertain, how far the known phenomena accord with 
such an hypothesis. ' - » 

The other class of theories, which assumes the high 
temperature* and then deduces from it the phenomena, 


* 

seems at first sight to have an advantage over the pre- 
ceding pne, inasmuch os the existence of an internal best 
may be said to be in a manner ascertained, Whilst that 
of the alkaline and earthy metalloids, uneombined with 
oxygen, is at most oply % probable ; and accordingly many 
have been induced to prefer this mode of accounting 
for the phenomena, as less hypothetical and requiring 
fewer postulates. 

They forget, however, that the existence of an Internal 
heat is assumed alike on either supposition, and that the 
true point 6f dispute is, whether it can best be explained 
by the presence of aftnelted or ignited mass in the in- 
terior of the Globe, or by a process oPoxygenatitfii 
goW oa*iri its constituents. 

Tftw the only distinct argument in favour of the in- 
ternal fluidity of the Globe, is deduced from its figure, 
which baa been proved to tie that of an oblate spheroid ; 
a form, it is contended, which could not have been im-* 
parted to it, had it not been originally in a liquid state, 
and from thence the advocates of the above hypothesis 
conceive themselves at liberty to infer that it is so at 
present. 

Neither of these propositions, however^ can be re- 
garded as demonstrated. Sir J. F. Herschel has shown, 
in his Treatise on Astronomy , that the oblate figure 
pf the Globe may only have arisen from its long con- 
tinued rotation, this being the point to which, under this 
condition, it must tend, and which it would ultimately 
attain, even as its surface is at present constituted. 

Neither, if we grant the Earth to have been originally 
fluid, is there any direct proof, that it must have con- 
tinued so till the present time ; for the increased temper- 
ature observed at the slight depths to which man has 
i 'petrated below the surface, only proves, that the tem- 
perature of the crust is higher than that of its superficies, 
not that it is considerable enough to retain the substances 
of which the interior is made, up in a state of fusion. 

The proper mode, however, of considering the ques- 
tion seems to be, not to lose ourselves in conjectures, as 
,40 what mayfcy possibility be (he condition of the Globe 
at inaccessible depths, but to puss in review the actual 
phenomena of volcanos, and see, whether we can best de* 
dticc them, from the mere effects of the protrusion of a 
melted mass of matter, or from a process of combustion, 
originating in materials which may still exist in an un-„ 
oxidised state below. 

Tn order, however, to determin^this, it will be neces- 
sary tjtf (insider at some length, first, the geographical 
situation of volcanos ; secondly, tin* character of the 
substances evolved by them in a gaseous state, and of 
the products resulting ; and thirdly, that of the lavas and 
other matters ejected in a solid or liquid condition : from 
whence #e shall be led to examine, the depth at which 
volcanic action is seated, and lastly, the inode In which 
the tpountaius, are built up of materials before considered. . 

Geographical Distribution of Volcano*. 

Volcanos are said by Yon Buch, either to occur scat- 
tered at, certain distances along particular lines of country, 
or else to be united in clusters around some common centre. 

The former he calls linear, the latter central volca- 
nos; and whilst he regards the linear, as being in general 
produced in the direction of the fissures caused by the 
igneous operations of a former period, over which the 
primary Tanges of mountains have been upheuved, he 
considers, the central, as lokingplace in all kinds of posi- 
tions over the Earth's surface, however much detached 
they may W from any of those leading systems of eleva- 



730 


G E 0 L O G V. 


tioivwherever the force which has been set in motion 
by volcanic agency is able to overcome the resistance 
opposed by the superincumbent rocks. In the former case 
the direction taken by the volcanic forces is determined 
by the previous configuration of* the country; in the 
latter it takes place without reference to the nature of the 
pre-existing rocks. 

Jt may, perhaps, bo doubted, whether even the central 
volcanos enumerated by Von Buch, may not in some 
instances at least admit of being referred to some com- 
mon system ; but .there can be no question, thut the law 
which he ha! laid down with regard to the tendency of 
volcanos to burst forth in certain lines of country rather 
than in others, holds good very generally, and that 
many such groups may he enumerated ; such as, that 
already pointed out as extending across the Greek Is- 
lands ; (see pi. vi. fig. 5;) that stretching across Mexico , 
{pi. vi. fig. 3 ;) and still more remarkably the one, which, 
beginning at Barren Island, in the Bay of Bengal, may 
be traced along {he Islands of Sumatra and Java, thence 
to ‘the Philippines, and perhaps even to the Kurule 
Islands and to Kamtschglku. (See pi. vi. fig. 4.) *JThe 
linear direction, therefore, of certain volcanic formations 
cannot bo doubted ; and the only question is, whether it 
prevails universally, or characterises, as Von Buch con- 
ceives, one particular class only of burning mountains. 


Proximity to fhr Sea . 

Another remarkable feature in the distribution of vol- 
canos is their proximity to the sea; in proof of which it 
may he sufficient to remark, that out of a catalogue 
• oi no less than 163 active vents enumerated bv M. 
Arago as occurring in various parts of the known World, 
all, excepting two or three in different parts of America, 
and about the same number, of which we possess very 
imperfect information, in Central Asia, are within u short 
distance at least of the Ocean. 

It is even found, that theVery excepted cases, when ex- 
amined, tend to confirm the rule ; being so situated, that 
their connection, 'either with the Ocean, or with inland 
seas that may supply its place, becomes a matter of fair 
inference. In proof of this we need only refer to the de- 
scriptions we have already given of .forullo ; from which 
it appears, that distant as tins mountain may be both from 
the Atlantic and Pacific Oceans, it is nevertheless con- 
nected with one or both through the medium of a chain of 
volcanic eminences; (wee pi. vi. fig. 3 ;) and even the vol- 
cauos of Tartar), whose existence in an active condition 
is more problematical, may be connected with some of 
thos$ extensive salt lakes, which seem to abound in the 
depressed portion of Central Asia. * 

Thus even those few cases, which may be # brought 
forward us exceptions to the general rule, appear, when 
examined, to enter into it, so far as relates to the proba- 
ble connection they denote with deep seas or lakes ; 
whilst the occurrence of by far the majority of active 
volcanos in Islands and maritime tracts, and their entire 
absence from many extensive Continents, may convince 
us, that the processes are at least greatly promoted by 
such a position, and in their intensity bear a certain re 
lation to the more or less ready access to them of water. 

And, although extinct volcanos seem by no means 
confined to the ribighbourhood of the present seas, being 
scattered often over the most inland portions of our 
existing Continents; yet it will appear, that at the time 
at which they were in an active stele, the greater , part 
were in the neighbourhood of those extensive salt or fresh* 


water lakes* which existed at tltat period over omch of 
what is now dry land/ Instead, therefore/ of these being 
brought forward as exceptions to ..the generality of -the 
rule, the cessation of such action, now that the water has 
l^ft tlfrir neighbourhood, seems to furnish a confirrr ion 
of its truth. 1 

Aeriform fluid* evolved. 

We have next to consider the Ordinary products of 
volcanic operations, and shall begin by noticing the 
aeriform fluids evolved, regarding them as in a manner 
the prime movers of the effects we witness, the agents, 
by whose mighty pfiwer are propelled from the bowels 
of the Earth those solid matters, afterwards Jobe described* 
which, settling round the brim of the orifice from which 
they found an issue, grow a! length into the form and 
dimensions of an ordinary crater of eruption- 

^During the active condition of a volcano, the aeriform 
fluid most copiously emitted probably is steam, which 
manifests itself in those white vapours which usually 
proceed from the crater during an eruption, and may 
assist in producing by its condensation the heavy rains 
which frequently suQc^ed it, though we are more disposed 
to attribute these to the disturbance in the electricity of 
the atmosphere, which is evinced by the vivid lightning 
commonly observed during a volcanic eruption. * 

Steam is also emitted, sometimes for ages together, 
from fissures called *' stufab,” on the flanks of many 
extinct as well as active volcanos; thus supplying us with 
a confirmation of* the dependence of volcanic phenomena 
upon the presence of water. 

The permanently elastic fluids commonly given out 
are, muriatic acid, sulphuretted hydrogen, sulphurous 
acid, carbonic acid, and nitrogen. 

Of these the first, muriatic acid, seems to he generated 
during almost all the phases of volcanic action ; tor 
although some have attempted to establish u class of 
volcanos to which the production of muriatic acid was 
peculiar, yet it would seem that therv Were none from 
which this gas w not in greater ’or fess quantity disen- 
gaged. 

Tims it has not only been detected by Sir H. Davy, 
issuing from the flunks of V&fnviua soon after the erup- 
tion of J Bib, but likewise from the same mountain whilst 
in a more quiescent condition in 1824. 

, It was also found by Professor Dmiberty, in the va- 
pours given off round thf crater of the jlslancl of Volcano, 
round that of Etna whilst dormant, and in that of the 
Solfatnra of Puz/iioli ; it has been discovered also in the 
volcanos of Iceland ; in those of Java, at Mount ldienuc ; 
and of South America, at Puracfc, accompanied in both 
these latter cuses w ith a predominant proportion of «ul- 
phuricacid ; nay, it has even bepn jtniucljp an uncombined 
state pervading the traphylic rock of the Pay di Sarcouy 
in Auvergne. Of the gaseous compounds of sulphur, one, 
the sulphurous acid, appears fo be predominant chiefly 
in volcanos possessing a certain degree of activity, whilst 
the other, sulphuretted hydrogen, seems to be emitted 
for the most part when they are in a dormant condition. 


* Sir H. Davy, in hi* Memoir on Veauviua, remark* that it W«i 
ttkfty, tven at a great d&tancc, to dinting ui$h between the. #t«am 
disengaged by one of the crater*, and the earthy matter thrown up # 
by the other. The "team appeared white m the day, mid fbwfrea 
perfectly white cloud* , which reflected the mottling and evening 
light of the pum*V tint# *>f wd andwanga. The earthy 
alweytf appeared m a black emoke, forming dark cloud*, and in the 
.night it waa highly luminous at the moment of the explosion. 
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Gwloav. Thua sulphurous acid is given off in large quantities 
ch - from the craters of Etna and Vesuvius, and even from 
that pf Volcano in the Lipari gropp, whilst sulphuretted 
hydrogen is observed at the Solfatara of Puzznoli, on 
t the skirts of Etna near Jaci Reale, and in many hot 
springs connected with dormant volcanic action both in 
these regions and elsewhere. 

Not that we are obligejJ to suppose sulphurous acid 
to be entirely absent in the latter cases, or sulphuretted 
hydrogen in the former; for as these two gases, when 
they meet, decompose each other, forming water and 
depositing sulphur, it is reasonable to expect* that only 
that portion of either which exceeds # the quantity neces- 
sary for their mutual decomposition will escape from the 
orifice, so that* the gas that actually appears, only indi- 
cates the predominance of the one, and not the entire 
absence of the other. 

Carbonic acid appears to be chiefly found in volcanos 
that have become extinct, and when it occurs in those 
considered active, it is at a time when they are not in a 
state of eruption. It is also found to occur more com- 
monly at the tool and in the neighbourhood of volcanic 
mountains, than in their craters, or at the points of their 
most vehement action ; so that it iftify be viewed, rather 
as one of the consequences of u long continued operation 
of the heat produced upon the contiguous rocks by vol- 
canic processes, titan as the direct effect of the processes 
by which that heat is occasioned. 

The last of these gases, nitrogen, has been already suffv 
oienlly alluded to: Irom the observations hitherto made, 
it would seem to be for the most part the concomitant 
of languid volcanic action; but it is probable, that, when 
the gases evolved from active volcanos have been scru- 
pulously examined in a greater number of cases, it 
will be noticed much more commonly as occurring 
amongst them; since Sir H. Davy delected it, in Vesu- 
vius, and his brother Dr. John liavv, in the gas given 
- off by the new volcanic Island near Sicily, in both cases 
accompanied with less than the usual proportion of 
oxygen. \ . 

Substances not gaseous ejected. 

Other substances are often disengaged from volcanos 
as vapours, but condense* round its exterior either in a 
liquid ov a solid condition. 

Such is the petroleum found by Breislac,at the foot of 
Vesuvius, the*Val di Noto in Sicily, the extinct volcanos 
of ancient Latium and Auvergne, the site of the ancient 
eruption recorded in the Book of Genesis on the spot 
now occupied *hy the Dead Sea, and many other local i- 
• ties. Such al^o is the sulphuric acid, which has been 
* only hitherto met with in extinct volcanos ; as for in- 
stance in tv stream issuing from that of Purace between 
Bogota and Qui from oge derived from Mont Idienne 
in Java, and probably in the rocks connected wjith the 
languid operations about •llatlicofani in Tuscany. It is 
obviously derived from the sulphurous acid, which, pass- 
ing through the water of some volcanic lake, and ab- 
sorbed by it, has derived an additional dose of oxygen 
/rom the atmospheric air present. 

The solid substances sublimed by volcanos are, 1, the 
boraeic acid, found in the crater of Volcano* and the 
Lagunas of Tuscany, which, though it remains filed in 
• *our furnaces, appears to be evolved in vapour by the 
beat of these volcanos. 2, Muriate ammonia, very 
abundantly evolved during certain eruptions* as by that 
of Etna in 1780, but apparently absent from others. 

VOL. vi. 
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8. Specular iron ore, probably disengaged in combina- 
itOit with chloride, which latter principle may be sepa* Gfe. mb 
rated, on its coming into contact wiik lae atmosphere, by 
means of the heat, water, and oxygen of ^e air, 4. 

Muriate of soda, the most abundant of them al), as well 
as the most universal} being exhaled more Or less by 
almost all volcanos, and present even iu their lavas, 
according to Mouticelli, who obtained more than nine 
per cent, of it, by simple washing, from that which issued 
from Vesuvius in 1828. 

We do not include among the sublimations, the depo- 
sits of sulphur, or the sulphurets of iron, copper, arsenic, 
and selenium; still less the various sutphurjc salts foutjd 
efflorescing in the spiracles of all volcanos. 

The sulphur, which seems to be of almost universal 
occurrence wherever volcanic operations are going on, 
is evidently derived, in the majority of instances, from 
the mutual decomposition of the sulphurous and sul- 
phuretted hydrogen gases ; for we know of no well au-* 
thenticated case of its sublimation in au uacotnbined 
state from any volcano, and analogy w^tuld lead us to 
extend the same inference, to the compounds of sulphur 
with arsenic and selenium, that occasionally accom- 
pany it. 

The sulphates of lime, alumina, iron, magnesia, and 
soda, which so frequently incrust the surfaces of re- 
cently ejected masses, or the fissures oj volcanos in pre- 
sent action, are evidently produced, by the affinity exerted 
by the sulphuric acid, which lias proceeded from the sul- 
phurous acid disengaged, for those alkaline and earthy 
bases with which it may have come into contact. 

The substances hitherto considered, in whatever con- • 
dition they may present themselves to the eye of the ob- 
server, have evidently been either disengaged from the 
volcano in a gaseous form, or at least have resulted trum 
the same ; but we have next to consider those, which have 
been thrown out in a solid o&m. liquid state from the cra- 
ter, but without becoming, lite the former, volatilised by 
tjjjp action 4>f the heat. 

,, Solid Substances ejected. 

They may be divided, into such as have undergone a 
complete change lrom the process, amongst which we 
comprehend lavas, and loose ejected masses of similar 
composition; and such as are thrown out, either unal- 
tered, or at least retaining enough of their original cha- 
racters, to be identified with soinq one or other of the 
existing rocks. 

Lavas. * 

Their Chemical Characters. . 

Beginning with the former class of substances, 1 shall 
first statu the chemical, and afterwards the mineralogi- 
cal characters of lavas. 

Lava, when observed as near as possible to the point 
whtlice it issues, is, for the most pari, a semifluid mas* ' 
of the consistence of honey, but sometimes one so 
liquid as td penetrate \he fibres of wood, it soon coois 
externally, and therefore exhibits a rough unequal sur- 
face ; but, as it is a bad conductor of heat, the internal 
muss remains liquid, long after the portion exposed to 
the air has become solidified. The temperature at 
which it continues fluid is considerable enough to melt 
glass and silver! and has been found td liquefy in four 
minutes a mass of lead of such a size, as, wjieu placed 
on red-hot iron, to require double that time to entet into 
fusion. 

: 
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Stones af a spongy nature, pumices probably* were 
* Ji. Ill, nielUstl when thrown into the lava of Vesuvius; that of 
Etna is said to have effected the same; and a current, 
which proceeded froln an Iceland volcano, is stated to have 
melted down every kind of hard stone that came in its way. 

On the other hand, musses of limestone have been 
taken out from the midst of lava with no signs of 
Itisiou upon them, and even with their carbonic acid 
nndrminished ; and the houses of Torre del Green, and 
of other villages, which have been enveloped in liquid 
lava, remained uiynelted by it. When bell-melal was 
ubinitted to the action of the Vesuvian lava of 1794, the 
■/.me was separated, hut the copper continued unaffected. 

‘Sir James* Hall, in his Memoir on \\ liinstone mid 
Basalt, has presented us with a Table of the relative 
fusibilities of seven specimens of whin or basalt from 
the neighbourhood of Edinburgh, arid of an equal 
number of lava from various European localities ; from 
which it appears, that when converted into the state of 
glass, they become softened at a temperature from i 5° to 
:M° of Wedgwood, or 30£7° to 411)7° ot Fahrenheit. 
Whilst in a crystalline state, the same ingredients con- 
tinued solid at this tetnperatme, but became soft at one 
varying, from 2S° to 55° of Wedgwood, or from 4717° 
to *'2X7", a beat inferior to that of a common glass-house. 

With this statement regarding the melting point of 
these ignigenmis products, the chemical composition, 
which appears to belong to them, is in complete accor- 
dance. 

According to Dr. Kennedy, two specimens of the lava 
ot Mount Etna contained each 4 per cent, of soda, and 
nearly 15 of oxide ol iron, to 51 ofsilex, 19 of alumina, 
, and about 10 of lime Other lavas, doubtless, are dif- 
ferently constituted, and some appear to be completely 
destitute of alkali; \et even in these latter cases the 
presence of some alkaline earth, capable of acting as a 
11 u x to the sih'\ and alumina, seems universally to sup- 
ply its place ; mid accordingly, there are lew varieties, that 
do not readily fuse at the heat of an ordinary blast fur- 
nace, and some, indeed, at a much lower temperature.* 
'Nevertheless, thine are circumstances, which have in- 
duced certain Naturalists to adopt quite a different view 
of the nature of lavas, and to imagine them to owe their 
fluidity, not to the intensity of the heat, hut chiefly to the 
presence ot some solvent or flux. 

Tli is opinmu was originally broached by Dolomieu, 
who founded it upon the assumption, now admitted to 
be erroneous. Unit the*cr\stals ot migite and hornblende 
which lava umtmib, existed antecedently to the fusion of 
tins mass, and were* not produced in consequence of it. 
Hence he necessarily concluded, that the lava could only 
have been subjected to a degree of heat, interior to that 
at which such crystals would become fused. 

Finding, therefore, sulphur to be exhaled from certain 
lavas* he imagined this to act as a flux to the other sub- 
stances, and accounted for the more difficult fusibility, of 
the mass when once cooled, from the escape of the sul- 
phur originally present. The existence of sulphur in 
lavas has been asserted by some, and denied by others, 
but whether it be present or not, there seems no neces- 
sity for attributing to it the fusion of the inass, when, as 
we have seen, its comjwjsition alone sufficiently accounts 
fi>r this circumstance. 


* According to Snus&urej Journal dr Phywvjut, an, 2, felspar 
melt* at Wedgwood, basalt at 76°, imd hornblende at 

about 100 1 *. , 


It aiust in any case be disengaged very soon after the Geolonr. 
melted matter has been ejected, for >o sulphurous va- CU.UI 
pours are perceived to isaue/rom a lava current of old 
standing, even though it may continue internally fluid ; 
and it is well known, that sulphur forma no part what- 
ever 6f the composition of JaVns, aqd can, therefore, only ' 
be mechanically mixed with them. 

A recent Geologist has lately brought forwards a' mo- 
dification of DolornieuV theory, by 4 supposing water to 
act the pari which the latter attributed to sulphur; and 
although we are compelled to reject his theoretical views 
on this subject, as utterly inconsistent with known che- 
mical principles, yet they suggest some interesting in- 
quiries, with respect to the state in which those volatile 
matters existed in lava, which are said U* be copiously 
disengaged from it in the state of vapour. Have they 
been confined by the pressure of the superincumbent 
muss, until its gradual cooling caused fissures by 
which they were enabled to make their esctqje, or is 
it possible, that the influence of pressure may be assisted 
by some kind of chemical union between them and 
the other constituents ? All writers admit, that \arious 
salts'are emitted Irons the surface of recent lava, which 
are never found amciigst its constituents; and if these 
are sublimed, as appears to be the case, by the heat, the 
same may also happen with regard to the other more 
volatile matters, whose extrication from lava is vouched 
for on respectable authority. 

Thtir Mineral agio a! Characters. 

The mineralogical characters of lavas have been 
already given at the commencement of this Article, 
where they are stated to belong in general to the rock 
called by Mr. Scropc greystone, and In M. Biongniurt 
tephrinc, consisting essentially of felspar, with many 
accidental ingredients stiperadded, *uch as olivine, mica, 
migite, hornblende, litamierous iron, and the like. 

Lome Fragments ejected 

"The loose fragments Ejected from* the crater differ 
but little in mineral composition* Eom the continuous 
streams of hmt, but they are generally ot a more cel- 
lular and porous aspect, not uncommonly fibrous, and 
consequently more brittle and incoherent. They also^ 
frequently present that vitreous appearance which is the 
effect of sudden cooling, and vary in size from masses . 
many tons in weignt to a fine and impalpable powder. 

There seems therefore, good reason lor suspecting, 
i hat all those, volcanic products which we have just 
been considering, in whatever form thvy fnay have 
issued from the volcano, are allied to the rock ilenomi- t 
nated trachyte ; mid, that they are either dtrived from it, 
or, at least, formed out of the same materials as thos% of 
which the iutter is composed, appears from our finding, 
that, in many places where the slructuffe of a volcanic 
mountain 1ms chanced to be exposed, l Juf lowest in the 
series of formations that present themselves*to the eye 
is of a track y tic nature, and that the strata superincum- 
bent often seem to show a resemblance to that rock, 
more or less close in proportion to their contiguity to it* 

Trachyte , whence derived ., 

Trachyte, also, is % rock of such universal occurretide 
in volcanic Countries, and so abundant in those in which ^ 
the action is Of the most remote date, and has taken 
place on the mo»t*e*\ensive scale, that it seems to be 
natural to derive the lavas subsequently ejected 1$ 
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Geology. regarding them merely as so many modifications of this 
Ch. III. original material, mote or less changed by the larger 
'—v-' continuance of the heat, or the admixture of other 
matters. 

But, considering the peculiar characters and compo- 
sition of trachyte, as well as the circumstance of its 
being limited to Countries that appear to have undergone 
the action of volcanic fires, we can hardly regard it as a 
substance which makes a*port of the original constitu- 
tion of the Globe, aftd shall be disposed to set it down, 
as itself a product, although a primary qne, of the fusion 
of other kinds of rook. Of what nature this latter may 
consist, will, perhaps, be determined, if we examine, first, 
with what particular descriptions of* rock trachytes are 
most connected in point of situation ; and seccfiidly, to 
what they present the nearest resemblance in mineralo- 
gical and chemical composition. 

The former inquiry will lead us to consider, in the 
first instance, the nature of those ejected masses which 
appear to belong to the contiguous rock formations, and 
not to be products of the igneous operations to which 
their ejection has been owing. 

Among these, we read of no substance bearing the 
slightest resemblance to the constituents of secondary or 
tertiary strata, but of many which may, with the greatest 
probability, be referred to rocks of a granitic character. 

Thus at the Pay Chopinc in Auvergne, granite is 
found intermingled with the trachyte and greenstone, 
thrown together in confusion, as if the whole had been 
elevated at one tune, before the rock had been en- 
tirely changed by the pioc^ss. 

Jn the lavas of the Vivarais, in those of the Rhine, 
and in other localities, imbedded masses have been met 
with, having much the appearance of an uliticd gneiss 
or granite. Humboldt mentions his having found, .in 
the midst of the new volcano of Jornllo in Mexico, white 
angular fragments of syenite, composed of a small por- 
tion of hornblende, with much lamellar felspar; Gemcl* 
luro discovered a mass of granite containing tinstone 
amongst the ejected masses of Mount Etna; and the 
Hainc rock has been discovered amongst the trachyte of the 
Ponzu Islands by Mr. Scrooe, and in the lava of Vesu- 
vius by J)i\ Thomson of Naples. 

Mica slate has. in onj instance, been found ejected 
by Vesuvius, arid various granular limestones of a dolo- 
initio character are found amongst the masses ejected from 
* the old craterjof Vesuvius, which lie accumulated in the 
Fossa Grande, and other hollow ways on the slope of 
the volcano. It must be retmir&ed, however, that these 
hitler are *ncv§r imbedded either in the lavas or in the 
volcanic masses ejected, so that they do not stand in 
• the same relation to them, as the granitic masses do 
which have bepn before enumerated. 

With regard to thq formations, in which trachytic 
rocks, or, to spank rn«re generally, volcanos, usually 
appear, great discrepancy seems at first sight to e&ist. 

Thus, to begin with the Rhine, the formation on 
which the trachyte of the Siebengeberge rests, and 
among which the volcanos of the Eyfel have arisen, is a 
clay slate belonging to the transition series ; in Au- 
f yergne, the rocks of Mont Dor ami of Clermont rest 

immediately upon granite, or are separated from it only 
by a tertiary deposit, whilst those of Cuntal are iucum- 
bent on mica slate. In Hungary the rock underneath 
•is a porphyry, associated with syenite, clay slate, &c. 
referred by Beudant to the transition series ; in Tran- 
sylvania, according to Boud, the trachytes lie near the 


mica slate and gneiss* with which are masses of syenite Outdo^y. 
and marble ; whilst in Styria, the rock most immediately llL 
surrounding the little trachytic formation of the Gleieh- 
enburg, is gneiss. 

In Italy the case is somewhat different ; yet, though 
the trachyte of the. Euganeau hills rises from beneath 
chalk, we have reason to believe that primitive and 
transition rocks lie at no great depth beneath, as (hey 
are found near Sehio, and support the alternations of 
volcanic and neptuuian deposits in the Braga nza, * 

Humboldt lias shown, that the rock which supports 
the volcanos of the New World is generally a transition 
porphyry, and sometimes granite or syenite ; and Von 
Buch reports, that the last-named rocks appeared as t.fte 
lowest, of those uplifted strata, which surrounded the 
crater of the Island of Palma and other of the Cana- 
ries. Now, although the preceding enumeration indi- 
cates such a variety w ith regard to the position of vol- 
canic formations as may seem at. first sight to baftlc all* 
general conclusions: yet when we consider, that, in the 
majority of instances, the rocks have been referred either 
to the prmrtive or the transition series, and that in the re- 
maining ones, the latter were at a depth far less con- 
siderable, than that at which we shall afterwards find 
reason to conclude, that the volcanic force itself resides ; 
it mov not be unfair to presume, that volcanos have tint 
versally broken out amongst the older formations, or 
those most near to the nucleus, whatever that maybe, 
of the Globe. 

Jt is obvious, indeed, that in those, cases in which 
volcanos have appeared in the midst of primitive rocks, 
we cannot presume the seat of action to reside amongst 
those of a later date, but that the converse does not hold « 
good; so that if we only admit, that any certain position 
b to be assigned to these products, a single ca-'e of 
their occurrence in the midst of older formations would 
overturn every inference to be derived, from their being 
observed to emanate from strata of a tnoie recent date. 

The legitimate deduction from the above facts are, 
moreover, strengthened by considering the min era logical 
and chemical constitution of trachvte, both which bear 
such a resemblance to that of granite, that the rock has 
been called by Dolomieu granitoid lava. 

And although the two rocks may be distinguished, by 
the presence of quartz in the one, and its absence from 
the other, vet the predominance ol felspar in both seems 
to place them in the same genus, and to distinguish 
them from the constituents of secondary strata, where 
that mineral hardly can be said to occur, except where 
we have reason to suspect the age net of Tire. 

It is probable, too, that the eherfuonl composition of 
granite and trachyte taken from the same localities, 
would not be found to vary materially, notwithstanding 
the differtmees in their mineral constitution pointed out. 

Thus, though quartz is wanting in trachyte, *aud 
abundant in granite, yet the silicious earth contained in. 
that mineral, may have united with the alumina present, 
in such proportions as would form felspar, and in this 
manner the latter may have become more abundant, at 
the expense of the other two ingredients of the granite. 

In some cases, on the contrary, whew the material 
operated upon consisted Chiefly of quartz, the result iimy 
have been that variety called millstone trachvte, which, 
though chiefly silicious, betrays its igneous origin by 
the cells ami cavities it so abundantly contains. 

If, then, there be reason to conclude, thtu the sub- 
stance, Which has supplied the materials .ejected by 
5 n 2 » 
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Geology. burning mountains, or constituting their internal nucleus, 
Ch* III. ^ derived from granitic roclcs, a strong argument will 
-*%*"*■' bt afforded, in favour of the great depth at which the 
operations are seated, that have given rise to the effects 
we witness. 

This inference, indeed, is greatly strengthened by a 
consideration of the phenomena attendant on an erup- 
tion, the general tenour of which plainly denotes, that 
the focus of the action is situated at a depth ut the least 
as .great, as that to which granite may l>e supposed to 
extend. 

We do not, indeed, lay any stress on the remarks of 
Stukeley, who calculates from the compass of country 
over which ^earthquakes have been felt, that the force 
must, in some instances, be 200 miles beneath the sur- 
face, because we have seen reason to believe, that vibra- 
tions may be propagated laterally beyond the imme 
diote influence of the impelling force ; but we would 
* argue, from the immense mass of materials ejected by 
any one volcano, as for instance by Etna or Vesuvius, 
without exhausting itself, or causing any sinking pf the 
mountain; from the prodigious height, to which the trn- 
ehytic nucleus of others seems to be raised, us at Teneriffe 
and in Equinoctial America; and, lastly, from the im- 
mense violence of the eruptions, which would shiver 
into pieces any merely superficial covering of rock, 
that the elastic vapours must be disengaged at a depth 
at least as great, as that to which the crust of the earth 
can be supposed to extend. 

Constitution of a Volcanic Mountain in general. 

Having now examined the products of subterranean 
fire individually, we will next consider them in the ag- 
gregate, and explain the manner in which they produce 
those vast accumulations of volcanic materials, which 
occupy so large a portion of the surface of our Globe. 

yhose observers, who have been fortunate enough to 
obtain u near view of the crater of a burning mountain, 
in what is called its active condition, inform us, that the 
interior of it is filled with a body of melted lava, which 
may be seen alternately rising and falling within the 
chasm. At its maximum of elevation, one or more 
immense bubbles have been seen to form on the sur- 
face of the lava, and rapidly swelling, to explode with a 
loud detonation. This explosion drives upwards a 
shower of liquid lava, which, cooling rapidly in the air, 
falls in the form of scoria?. The surface of the lava is 
in turn depressed, and sinks several feet, but is pro- 
pelled again upwards in a moment by the rise of fresh 
volumes of elastic fluids, which escape in a similar man- 
ner. Such is the account given by Mr. Serope of the 
crater of Stromboli, which he surveyed from a com- 
manding point, of rock ; such likewise in the mam is 
that given by Spallanzani of Etna, by Bory St. Vincent 
# of the volcunos of the Isle of Bourbon, and by Ellis of 
Kirauea, in Ouhyhcc. In all these cases, a muss of 
melted matter, of unknown depth, covered for the most 
part with a thin pellicle of Bcorifurm lava, and emitting 
copious volumes of steam or gas, was observed in the 
crater which they overlooked. 

Now it is evident, that the tendency to eruption in all 
these cases will depend upon the relation existing be- 
tween the expansive energy of the materials and the con- 
trolling force, derived* in part, from the pressure of (he 
superincumbent atmosphere or ocean, and in part, from 
, the weight of the column of liquefied matter ; and as in 


general a considerable proportion of the matters ejected 
during a paroxysm of vdlcapic j&tion (alls back into the 
crater, Whilst the elastic fluids, which served to expel 
them, escape, the active state of a volcano will in these 
cases be intermittent, and its eruptions placed at distant 
intervals asunder. * 

In a few rare instances, as at Stromboli* where, from 
some peculiarity in the configuration of the mountain* 
the whole of the ejected materials falls into the sea 
and is carried away by a strong current to a distance- 
the repressive and expansive forces may be so equally 
balanced, that a series of explosions shall occur at short 
intervals, for any length of time during which the vol- 
canic processes continue, without any accession of vio- 
lence ever taking place, sufficient to produce the emis- 
sion of a continuous current of lava. 'In cases where 
the opposite forces are so nicely balanced, it may hap- 
pen, as Mr. Serope has ingeniously suggested, that the 
mere variations of atmospheric pressure would cause a 
difference in the explosive force, and thus may explain, 
what the inhabitants of that Island are said to have re- 
marked, that the intensity of the eruptive violence is 
greatest in stormy weather. 

Cruters of Eruption . 

It is evident, then, if we suppose this to be tjie condi- 
tion of every active volcano, that, when once the vio- 
lence of its operations has arrived to such a pitch, as 
to overcome the resistance opposed to it, the elastic 
vapours will throw out portions of the liquid lava, just 
as, when a mass of melted metal huppons to fall into a 
vessel containing water, the bteam generated disperses 
it in all directions. These portions of lava projected into 
the air, descend again in the form of scoriae or sand, 
apd collect into an aggregate, which is called, rather im- 
properly perhaps, a bed of volcanic tuff 

But the projection of these fragments is soon fol- 
lowed by the overflow of the melted lava itself, which 
by degrees reaches the brim, spreads over the tuff, and 
farms a regului' bed encircling the original aperture. 

Now the repetition of these successive operations 
would cause just that alternation of beds of lava and tuff, 
which is found to constitute the sides of most volcanic cra- 
ters, and it will be at once seen, that the direction in which 
they He, to appearance horizontal, when viewed from 
the interior of the chasm, but in reality dipping on all 
sides away from the centre at an angle c\f about 30°, is* 
exactly what would happen, if we suppose them formed 
in the manner represented- In plate v. fig. 9, the dis- 
position of the beds in a crater of eruption is given, and, 
as contrasted with it, is shown that of the beds on a 
hill, which may chance to have been hollowed out by * 
the action of water, in a manner, which caftses it to 
correspond in external appearance with that belonging 
to the crater, after the latter haw been broken away, and 
partially destroyed, by the agency of other causes. 

It is true, that we can hardly imagine m#.ny hundred 
alternations of strata so constituted to mantle round the 
crater in the way supposed ; far it is evident, that the 
slightest irregularity in the brim over which the lave 
flowed, or upon which the scoria? descended, would de» 
termine these materials more on one sitte than the rest 
so that we should never find, after the first few beds 
had fieen formed, any that actually extended round the 
whole circumference. • 

But Professor J*yfcll has stated from actual observa- 
tion, that this appearance of uniformity is delusive, >fcd 
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Geology* that the cone i« in reality composed of a number of teds* 
Ch. III. each of which thine out so gradually, as to be confounded, 
'**/"**' and to appear continuous, with some other placed next it. 

Craters of Elevation* 

• <• 

The above statement of the ordinary succession of 
phenomena occurring during a volcanic eruption, which 
we owe originally to M. Neckar de Saussure, supplies 
us with a very eimplc and natural explanation of the 
structure of an ordinary volcanic cone, the quaquaver- 
sal dip of its strata, the regular alternation of tulf and 
lava, and even perhaps of the dykes which intersect* 
them. But are we at liberty to infer* that the whole of 
a volcanic mountain, whatever may be its form, antiquity, 
or position, whether situated, like Vesuvius, on the bor- 
ders of the sea, or like the Peak of Teneriffe in the 
midst of a fathomless ocean, is built up entirely after 
this fashion ? 

Even in the absence of any direct evidence on the 
subject, we should be inclined to hesitate l)efbre we 
adopted such a conclusion, and to ask ourselves whether, 
under so enormous a pressure as that of the Ocean, dhe 
expansive force of elastic fluids, struggling to escape, 
would not be more likely to upheave in the first place 
the strata nearest the focus of the action, when softened 
by the heat, within a given area, than to eject fragments 
of rock round a cone in the manner represented* 

We might also feel perplexed to explain on such a 
supposition the appearance of any detached volcanic 
mountain in deep water, sinc{? such materials, if accu- 
mulated under the sea, would he too quickly diffused 
over its bottom, to raise the level to any considerable 
height at one particular point. 

Tt would also seem, that if earthquakes arc allowed 
to haVe brought about an occasional upheaving of the 
Earth's surface, anil that, without producing such a con- 
fusion of the strata affected, as even to interfere with 
the springs of the country, or to throw down the build- 
ings erected on the spot, there would be still greater 
reason for attributing the same effects to volcanic action 
exerted upon rocks which have been actually softened by 
the previously existing heat. 

But independently of th^se probabilities, there are not 
wanting direct proofs of foe upheaving of rocks, that 
appear to be connected in some wav with volcanic ope- 
rations ; proof? derived, in some cases from the appear- 
ances they present, and in others from the actual testi- 
mony of eyc-witneBaes. * 

• 

Upheaving of Volcanic Mountains shown, 

• , Fitk, by their own appearances . 

The former are dravy) from the examination of vol- 
canic mountains, av hose •interior structure is from some 
cause or other in such a manner exposed to view,, as to 
reveal to us the real nature of the material which, corn- 
pones its nucleus. 

Thus in the Island of Great Canary, and still more 
remarkable in that of Faltna, a chasm called the 
Caldera exists, nearly 4000 feet in depth, which af- 
forded to Von ,Buch an excellent section of the in- 
ternal structure of the mountain itself. Lowest of 
alt be discovered the primitive rocks, then musles of 
* -trachyte, and above various alternations of those voU 
canto, strata which usually, occur in tsrajerq. The latter, 
for ought we know, may have been formed by successive 
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ejections of lava and scoria ; but the trachyte and the oeo logy, 
granite underneath mast have been upheaved, for why Ch. iff. 
else do we find them at a height, which, though 4000 
feet perhaps from the summit, is at least 8000 from the 
base of the mountain, and consequently from the level 
of the sea, and that sea loo unfathomable ? Gem we re- 
sist the belief, that at least the granite with its super- 
incumbent trachyte were upheaved from the bottom of 
the Ocean by volcanic agency, and thus constituted a 
nucleus, round which the subsequent ejections have 
takeu place ? Ought not such an example to be regarded 
as more conclusive, than the observations of a contrary 
tendency which other Geologists have recorded, with 
respect to the appearances presented in some of those 
deep valleys, which exhibit sections of the interior of the 
volcano ? 

Where, as in the case of the Val de Bove on Mount 
Etna, the structure is similar to that, which at present 
results from the eruptions, that from time to time take • 
place, we have doubtless a right to assume that they 
were produced in a similar manner, and consequently the 
antiquity of the volcano is enhanced, in proportion to the 
extent of the series of strata so exposed ; but we are not 
therefore entitled to conclude, that the original formation 
of the volcano must huve been of the same nature with 
that of its subsequent growth, still less to extend the 
same inference to other volcanos that may appear differ- 
ently constituted. 

Secondly , by the Existence of Domes of Trachyte. 

Of the upheaving of trachyte in detached dome- 
shaped or conical masses, and that by forces which we 
can hardly hesitate to regard as volcanic, examples, we * 
conceive, of even a less equivocal kind, may be found, 
in Countries more accessible to the European traveller. 

To what other cause, for example, are we to attribute 
the occurrence ol those five isolated hills of domite, 
which we meet with near Clermont in Auvergne, the 
largest of which, the Puy de Dome, rises nearly 3000 . 

feet above the general level of the plateau on which it 
rests ? * 

Oil what possible supposition are w r e to account, for 
the regularity of their form, their perfectly detached po 
sition, and their occurring, each in the midst of an am- 
phitheatre, composed of volcanic rocks of a totally differ- 
ent kind? Shall we imagine ther#to be the relics of a 
continuous stratum, once spreading over the adjacent 
country, but since removed by subsequent changes? or 
shall we suppose them to be masses of a kind of lava, 
which, from its imperfect fluidity, accumulated round a 
central point, without spreading into the adjacent plain? 

The former supposition seems irreconcilable with foe 
fact of thy total absence of all traces of the rock else- 
where, and with the conical form belonging to some of 
these masses; the latter is manifestly inconsistent With 
its chemical constitution, and the idea of its owing its. * 
fluidity to intense heat, which we have thought fit on 
other grounds to adopt.* 

In one of these hillS, the Puy Chopine, we appeal 
even to be able to trace the very steps by which the pro- 
cess has taken place. We observe here/ not merely a 
rock composed of that variety of trachyte, which in the 

*, See this question more fully discussed in a lSetter to Professor 
Jameson, on the Diluvial Theoty, and on the Origin of the Valleys 
of Auvergne* by Professor Dautwjny, published in Edinburgh 
AVw PhtfwfihiHd Jwrnulfbr Jpra, 1831. 
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(rttoiogy, other foil, hills constitutes the whole mass, but by the 
Ch. 111. gidg of it, forming 1 the side fronting the South-west, 
'****"*-' South-east, and East, a congeries of various primitive 
and volcanic rocks in different states of alteration. Wc 
may enumerate, a conglomerate of scori© and volcanic 
tuff, of basalt, hornblende slate, ysicnite, and granite, more 
or less disintegrated, especially where in contact with the 
trachyte. The whole of the lnountaiu is surrounded by 
un amphitheatre of rocks composed of a congeries of sco- 
riform volcanic products, from the midst of which it ap- 
pears to have been elevated ; so that we seem to have at 
once presented before our eyes, the material from which 
the trachyte was elaborated, the several steps in the pro- 
cess of change effected, and the mode m which, when 
so prepared, it was made to occupy its present position. 

If, however, we believe Humboldt, the New World 
r must present a much more decisive instance of the 
, kind, than the Puys of Auvergne we have been just 

» considering; since Chimborazo, the highest mountain in 
that hemisphere, is represented by him, as composed en- 
tirely of trachyte, and being, both in iorm and composi- 
tion, on the great scale, what the Grand Sarcouy in Au- 
vergne is on a smaller one. 

* Now we may remark, that it is only because these 

mountains, owing to the shifting of the volcanic fire to 
t another quarter iminediatelv niier their elevation, or to 

some other peculiarity in their physical condition, have 
given rise to no ejections of lava or scoria 1 , that we are 
enabled to ascertain so decisively their constitution ; for 
had they assumed the character of permanent vents, and 
consequently been covered, as Etna and Vesuvius sire, 
by a numerous succession of layers of volcanic materials, 
we should then have been induced to conclude, that 
4 they were entirely built up of that, which constituted in 

reality merely their external superficies. 

There are also not wanting instances in volcanic dis- 
tricts, where the ordinary rocks of the country have been 
heaved up round a circumscribed area, evidently by the 
expansive force ot vapours from beneath, so as to form 
crater-shaped cavities, resembling in all particulars, ex- 
cept in their component parts, that assumed by a volcano. 
Mr. Scrope himself has described one of them in page 74 
of his Memoir on Ventral France , where he makes 
mention of a circular lake called I.e (four de Tazana, 
about half a mile ill diameter, and from thirty to forty 
feet deep. Its margin, for a fourth of the circumference, 
is flat, and elevated above the valley into which the lake 
discharges itself. ljvery where else it is environed by 
steep granitic rocks, thickly sprinkled with small scoria* 
and puzzolaua, and rising about 20U feet from the level 
of the water. Thfac fragments are all that indicate the 
Volcanic origin Of this gulf-like basin, but they arc suf- 
ficiently decisive. No stream of lava, or even fragments, 
% of any large size, are perceivable. 

{Similarly formed craters occur likewise in the Eyfel ; 

, and perhaps the best example of them is the circular 
Volcanic lake called the Meerftld, hollowed out of transi- 
tion slate and red sandstone, without any admixture of 
volcanic matter, though surrounded by loose fragments 
of augitic lava. Now if we admit, that in these instances, 
the rocks in question have acquired their actual position 
from the, operation of expansive vapours acting from 
* below, what reason is there for questioning the possibility 

of the same forces having acted likewise upon volcanic 
strata, and caused them to be upheaved in Vi similar manner? 

Even limestone rofiks, if we believe Von Bitch, have 
, sometimes been elevated by Volcanic agency in a conical 


form, so as to imitate in their appearance the trachytic 
masses mentioned as occurring in Auvergne. 

Instances of this kind are met with between Trent 
and Roveredo, and it h remarkable, that the rock in 
every case is of a dplomitic character, whereas the lime- 
stones in the neighbourhood are destitute of magnesia. 
The same remark applies, as we have seen, to the ejected 
masses of granular limestone found at Vesuvius, which 
arc dolomitie, although thee apennine limestone of the 
neighbourhood is in general not magnesian.* (See pi. 
iv. fig. 7. 8.) 

Hence Von Bueh has had the boldness to attribute 
this latter ingredient to the volcanic action, imagining the 
Earth in questionrio have penetrated the volcanic matter 
whilst in a liquid or pasty condition, so as to form with 
it a chemical compound. 1 

There au\ it must be confessed, weighty difficulties in 
the way of Mich a supposition, and in some of the spots 
which Von Buch has appealed to in proof of his theory, 
ns. tor instance, at Gcrolste.in in the Eyfel, the circum- 
stances arc Mich as to preclude us from adopting such a 
supposition, w ithout a manifest anachronism ;*t neverthe- 
less the Miigukir appearances of these rocks, nnd their 
cotmeefioij with the surrounding strata, have induced 
manv to suspend ifieir judgment, and to regard the iin- 
psc" nation of limestone with magnesia, in the manner 
supposed, as one of those facts, which a more advanced 
stage of chemical knowledge may explain, or at least 
rentier tnoie conceivable. 

Even those who reject this theory of Von Buell's, 
will hardly hesitate to regard the curved stratification, 
manifested not unfrcqiie -uily in our sections oi the Earth's 
surface, as caused by an upheaving force. \Vo an- in- 
debted to Mi. Bakcvtell for presenting us with an 
instance, which seems to comprehend all the conditions 
requisite for establishing tins view of the ca^c. Four 
mill's East o( Mai lock, in the isolated hill called Erick 
Cliff, about !)00 feet above the Derwent, the strata rise 
in all directions towards the central point, so at- to form 
nearly spherical segments. (See phjt fig. (i ) 

The true structure of the hill ‘has been discovered by 
recent mining operations, several valuable metallic veins 
having been explored in it, and a gallery driven in it, as 
represented hi the figure. , 

Now ll is obvious, that, although the inclination of 
plane strata may result from subsidence, such an archec} 
structure as that represented «could hardly have been 
formed except In protrusion, of which its proximity to 
beds of toadstonc, to which we ascribe a \ntcanic origin, 
suggests an explanation. In this instance, however, we 
are not left to conjecture ; for lately, in driving the gallery 
on towards the centre of the hill, a mass df loadstone was 
met with ; and the same was found, by /mikihg a jibaft 
from the top of the hill, so that the cause aud the 
effects are at once displayed, in* the station we are ena~ 
bled k> give of this hill.t 

Mt * « 


* In fig. 7. is an ideal section by Von Iluch of tho rocks iu* 
the Val do Fuss;*, Tyrol, allowing the manner in which he conceive^ 
the pyroxene: porphyry to have first heaved up and displaced tty? 
shelly limestone, together with the other rock*, and afterwards to 
have converted it into those masses of doloroiteVhichcap the sum- 
mits of the overhanging Mountain!. 

in fig. 6. a drawing in given of one of these dolomitie mountains ; 
and the potation of the porphyry, the shelly limestone, and the iWfr 
sandstone with reference to it, is indicated by the annexed figures 
f See Paubewy, betcnptwn of Volcano^ p, 63. * 

I See Baktswelh Wjiy, 1833. 
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Testimony in favour of the Elevation of Volcanic Rovks. 

But if the appearances which are presented by many 
of the rucks affected by volcanic fire lead to a con elusion 
favourable to the notion of their having been uplifted; 
sjill more decisive is the evidence afforded us by those 
persons, who have either been eye-witnesses of the for- 
mation of a volcano in a new site, or have been situated, 
nearest in point of time or ylace, to the theatre of such 
events. « 

Father Goree, in 1707, was eye-witness of the appear- 
ance of anew rock, between the two Islands of Great and 
Little Cammeni, off Santorino in the Grecian Archipe- 
lago, He states, that it gradually in encased in size and 
in height, until it became half a mile in circumference, 
and rose twenty«or thirty feet above the level of the sea, 
bringing up with it live oysters. After this had hap- 
pened, a crater appears to have been funned, from which 
fragments of volcanic matter were ejected, and the latter 
now cover the surface of the Island, and conceal the un- 
derlying rock. 

Among the Aleutian group. Lnngsdnrf has described 
a rock near the Island ofllnalaschka, 3000 feet in height, 
consisting of trachyte, which made its appearance tn 170 b, 
and seems to have been thrown up irti^t, once from the 
bottom of the Ocean. The Island that has recently ap- 
peared in the Meditennneun between Sicdv and the 
African coast, though the part elevated above the sea 
was made up of simiform matters disposed m concentric 
layers round a central orifice, seems behov to have con- 
sisted of an upheaved tnnsc of rock. It is certain, at 
least, from Captain Smith's account, that the depth of 
the water on the site ol the island was at least 1O0 fa- 
thoms, when lie sounded it in isH ; and it api«.'U s fiom 
tla* chart accompanying Dt. Davy's Paper, that it varies 
in the immediate vicinity of the Island from I to 12 
fathoms, from whence it gtadiKtlly mcmises, so that at 
a distance of from MO to 200 \j»nl> from it, the piesent 
soundings arc hum 20 to fib fathoms. 

Nmv this change ol level may no doubt be explained 
m two ways ; cither by the gradual accumulation oi sco- 
ria* and other volcanic products, or by the more sudd* n 
elevation of a portion of the bed of the Mediterranean 
With cither hypothesis the structure of the crater is 
equally compatible ; tor it, is futuralto suppose that, alter 
a conical mass had been upheaved, elections ol scoria* 
ought have taken place round a central point. 

But with regard to the mode in winch the operations 
of the volcano begin*, we me disposed to give the pre- 
ference to tin; hypothesis ol a sudden upheaving ; lor to 
have raised the bed of the sea bout 100 to SO or 12 
fathoms water, wpuld seem to require a longer continu- 
ance of volcanic operations than is noticed as having oc- 
curred 0 on this spot, as well as a wider dispciMon of the 
ejected masses over^hc se# than appears to have been 
the ease. VVe hear indeed of scoria* and ashes having 
been distributed in all directions, even to the coast of 
Sicily, but we <lo not find any sensible difference in the 
level of the sea recorded, excepting within an area of one 
or two hundred yards round the Island, from which cen- 
tral point, therefore, the sea appears to sink abruptly in 
every direction. # 

Phenomena of Jorultq t « 

Lastly, Humboldt has presented us with an instance, 
where, in the centre of the great table land of Mexico, 
and at a period not more distant than tht* middle of the 
last Century, both the descriptions given by the inha^ 


bitants of the country, who were actual eye-witnesses of Geology 
the event, and the appearances exhibited at the time the c h. III. 
spot wa9 visited by himself, led him to thaconclusion, that 
a large tract of ground from three to foursquare miles in 
extent was heaved up in a convex form to the height of 
550 feet, and that frtfm ihe midst of this protuberance 
arose six conical hills, the least of them SO 0 feet in height, 
and the loftiest, Jorullo, elevated 1600 feet above the 
level of the plain. 0i 

Certain English Geologists have lately questioned 
the soundness of this explanation, and have suggested 
that the convexity of the plain may have been, produced 
by a simultaneous overflow of lava from the six cones,* 
ami that then*, uniting into one sheet, may have formed a 
sort ol circular pool or lake of lava. 

But this solution seems to us clogged with still 
greater difficulties than that offered by 11 um bold t ; for 
although it be true, that the viscidity of a lava current is < 
such, that we ought not io suppose it subjected altogether 
to the same laws as those which regulate the flowing of 
a body of water, still it seems probable, that some 
trifling inequality of surface in the plain over which it 
lias spread, some variation in the quantify of lava given 
out from the different orifices, would determine the sheet 
of lava to one point rudier than to another, and thus 
produce a stream flowing in a given direction, instead of 
a lake of melted matter circumscribed within so definite 
an aiea. 

It has been said, indeed, that the heaving up of a 
tract of land of this kind is unprecedented ; hut so, it may 
be replied, is the format ion of such a convexity, by the 
mere overflow of a stream of lava proceeding from any 
existing volcano. And it must moreover be recollected, 
that, according to the very condition* of the theory advo- 
cated b\ those Geologists who have objected to Hum- 
boldt’s views on this point, our historical records would 
embrace so very small a portion ol the time occupied by 
any of the great physical revolutions of our Globe, that 
there appears the less reason, for circumscribing Geolo- 
gical reasoning strictly to the data obtained by actual 
observation, provided it assumes nothing inconsistent 
with the laws which the latter tend to establish. 

Tims we have literally no record of any other volcano 
formed in a new site upon land, than this of Jorullo ; 
lor the throwing up of the Monto Nunvo near Naples 
can be regarded in no other fight, than as a transference 
of the volcanic action, which is taking place at the Solfa- 
tara, or at Vesuvius, to another .neighbouring quarter. 

It may also be remarked, that the existence of a hol- 
low space beneath a volcano, which maybe accounted for, 
although it does not necessarily follow, from the uplifting 
of the rocks composing its nucleus, seems the best and 
most obvious means of explaining the phenomenon stated 
by Dr. Hors field to have occurred in Java; where the 
mountain Papendayang, formerly one of the largest vol- 
canos -'iu the Island, is said to have given way, and in 
part to have fallen in, so that an extent of ground, fifteeu 
miles long and six broipi, was swallowed up in the 
bowels of the earth, with the destruction off brly villages 
and a large proportion of their inhabitants. , 

There seems, therefore, good reason to believe, that 
volcanic rocks have been heaved up, both m the sea and 
on land, by the -expansive force of elastic vapours, a 
position of greater importance in a theoretical point of 
view than might be at first anticipated, seeing, that it 
justifies us in applying these same forces to the Explana- 
tion of thfemorc extensive elevations of mountain ranges. 
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Ch, III. tioa of -cones of trachyte, history is silent concerning 
'***&***' them. Now a belief in the elevation of isolated masses 
of rock may serve to reconcile us to certain opinions, with 
respect to the origin of volcanic craters, which, resting 
as they do on the authority of the two individuals, who 
have examined volcanos, on the most extensive scale, and 
under the greatest variety of aspects, deserve from us at 
least a patient and unprejudiced hearing. 

’ Craters of Elevation. 

Von Bych has distinguished the craters of volcanos 
tinto two classes : those produced by eruption, and by 
elevation. The former are brought about in the man- 
ner already pointed out by Neckarde Saussure and others, 
and are found in all volcanos which have given rise to 
currents of lava, or have constituted permanent vents of 
volcanic materials. 

The latter are produced, owing to the upheaving of 
the crust, of the Earth by the agency of elastic vapours 
round a certain limited area, and may, therefore, consist 
cither of the older rocks of the country, or of the pro- 
ducts that have been accumulated by antecedent volca- 
nic operations. The one may be illustrated tty the cra- 
ter of Meerfield in the Eyfel, and that of the Tour de 
Gazana in Auvergne; of the latter (the Puy do Dome) 
and other conical masses of trachyte afford, us we con- 
ceive, unexceptionable examples. 

Now as the structure of a crater of eruption has been 
compared by Professor Lyell to that of an exogenous 
tree, which increases by layers deposited from without; 
so that of a crater of elevation may, to tollow up the same 
analogy, be perhaps compared to thut of an endogenous 
one, where the growth is caused by the protrusion of a 
mass from within. The question, therefore, is, in what 
way are we to determine whether a given crater, or, to 
speak more generally, a given volcanic formation, lie the 
result of the on© or of the other process ? 

And here we must refer to an excellent Memoir lately 
published by ^fessrs. Eli© de Bourmont and Dulrenoy, 
who adopt the following method of distinguishing 
between the two. 

When the sides of the mountain are covered with 
bands of lava circumscribed within narrow limits, we 
may fairly infer that they have been formed by succes- 
sive ejections; when, on the contrary, the whole circum- 
ference of the cone is covered by a continuous sheet of 
volcanic matter, which is commonly the case where the 
substance of it i$ basaltic or compact, we may presume 
that it has once* been nearly horizontal, mid has since 
, become upraised. The former may happen most com- 
monly in those volcanos which are subaerial and at pre- 
* sent in action, but the latter is the case generally in those 

which are subaqueous. 

If we suppose a body of liquid lava to be ejected from 
’ * the bottom of a deep sea, and consequently under the 
pressure of a considerable volume of water, a crust 
would quickly form over its upp$r surface, in consequence 
of the rapid abstraction of heat by the water immediately 
superincumbent ; so that the lava subsequently ejected 
would be compelled, by the resistance opposed by this 
bard, unyielding mass to its progress upwards, to spread 
itself laterally in all directions ; thus forming a sheet or 
tabular mass of Java extending over tjie bottom of the 
r sea on which it was poured out.* 

V . 

* bee Pelabethe’s AfoMKo/, Qwd editioo, p. 125, 


Now it is evident, that an explosion Of gas taking 
place underneath a mass of lava, such as that repre- 
sented, might produce a crater of elevation, by heaving 
up the lava round a given area, and producing a central 
cavity, through which the elastic vapours and solid 
matters ejected might continue to escape* 4 

Messrs. Elie de Beaumont and Dfcfreitoy appeal to 
the elevated table lands of Mont Dor and CWtal, as 
affording instances of elevation, but as being altogether 
irreconcilable with the doctrine of craters of eruption ; 
and it is certain, that if the sheets of trachyte are realty 
continuous, wc will not say over the whole of these 
mountains, but over any considerable portion of them, 
the nation of their being caused by successive ejections 
from a number of distinct craters, must, be renounced as 
untenable. M. Virlet, indeed, one of the most distin- 
guished opponents of the elevation theory in France, 
who accompanied the scientific expedition sent by the 
French Government to the Morea, is compelled to admit, 
that the eruptions, which built up the Mont Dor and the 
Cnntul, must have been on a greater scale than any 
which wc at present experience ; thus giving up the very 
pouit which pleads most strongly in favour of the rival 
theory, by admit trig, that causes now in action, operating 
with only their present intensity, are inadequate to 
produce the phenomena. On the other hand, the 
adversaries of Von Hue If s theory in this Country, more 
consistent in their opposition, endeavour to show, that 
lava currents of equal extent have been produced in 
modern days; and doubtless Iceland, and even Sicily, 
afford examples, which may be fairly brought into com- 
petition with those of more ancient date. 

Hut Messrs.de Beaumont and Uufrenoy contend, with 
great appearance of justice, that it is only when the lava 
has reached a tract of nearly level land, that it spreads 
itself over so wide a surface as is there represented, and 
thut during its descent, down the sides of the volcano it 
is almost invariably circumscribed within a very limited 
area. 

When, therefore, we observe a cocuVal hill composed 
of sheets of lava or trachyte, winch can be ascertained 
to Ire continuous round the whole dr the greater part of 
its circumference, we must .suppose it once to have been 
horizontal, and afterwards tu have been heaved up into 
its existing position. 

Von Bueh has, however, extended his theory to such 
craters as that of the Islands of Palma Aid of the Great 
Canary, assuming thrt all the strata observed in look- 
ing down from the summit of the Caldera have been 
u pb caved, and that this deep chasm has be£n formed in 
consequence. 9 

The Caldera of the Isle of Palma, *says Von Bueh, 
differs from a crater of eruption in many striking particu- 
lars, Here are no streams of liAa, m^slugs, no iapilli, or 
ashes. Nor do we ever hud tile latter of such a circum- 
ference, or so profound and abrupt. Its general aspect 
seems to show, that it was formed by the pressure of thospf 
clastic fluids, which raised the whole Island above tifte 
level of the Ocean, and changed the strata composing it 
from an horizontal to their present highly inclined po* 
sition. The aspect of those narrow and precipitous 
ravines, called Barancos, which encircle it, favours this 
hypothesis. They ^ are so circumstanced, that we ©an 
hardly attribute them to the action of water ; but if up 
suppose a succession of solid and unelastic strata tp be 
suddenly lifted tip in the manner of those 1ft the Island 
of Palma; it is evident that not only would a centra) 
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aperture be formed where the crater now exist#, hut 
that tfae strain would occasion a number of lateral tw- 
Awrite corresponding with those celled in the island 
BarOnCos. 

1 To those, indeed, who have hitherto derived ^ their 
"notions on these subjects exclusively from English 
sources, we would recommend the perusal of the great 
Work on the Canary Islands, which we owe to the 
Prussian Geologist ajiove tAent toned. We shall there find 
a record of phenomena, which seem hardly reconcilable 
to that theory with regard to the building up of volcanic 
mountains by the successive ejections of beds of BCoua? 
and lata, which, from its seductive simplicity, m calcu- 
lated in a manner to preoccupy the mind of tfce Geo- 
logist, • 

We shall there See whole islands formed, of beds of 
basalt, not of scon® or of tuff, preserving in their ex- 
ternal circumference a circular form nearly as perfect as 
that of the brim of their central crater, towards winch 
they on all sides incline. We shall then see, in the 
midst of this amphitheatre, of basalt icrocK, and of other 
materials, which could scarcely have been formed except- 
ing under water, a tomcul mass of trachyte rising to a 
great height with u crater m its<ewt*\* and this cratei 
One, which has not in all cases entitled lava cut rents or 
sconce, but has served only as a vent for steam or 
gases Now, it these appearances ran he best explained 
by an upheaving of rocks previously fotmed beneath the 
bed ot the Ocean, what arguments of a genet fil nature 
can be alleged to prevent us fiom adopting such a con- 
clusion, seeing. Unit we are only extending to the mate- 
rials of a whole island, what all admit with respect to 
certain isolated rocks; imagining that to have taken 
place in Palma, and the Great C anaiy, which we have 
almost been e\e witnesses of at the Islands of Saiitormo 
and Sc i acca ; proceeding, as it appears to us, legitimately, 
from the observed consequences ot earthquakes at pre- 
sent, to the inferred effects of similar fotces at periods 
antecedent? 

That the hypothesis in question may have been pushed 
too far, ami that some of the followers of Von Buck, 
originally misled by bis authority, may have since been 
Obliged to retiuee their steps, is nowise improbable; but 
this does not invalidate till* truth of the tacts, which he 
and others have alleged, as applicable to the cases of 
•Tcncriffe, or Jorullo, or oblige us to imagine all vol- 
canos, in wlmfever quartet of the Globe they may be, to 
be built up, aftei tfie model ot those tew on the borders 
of the Mediterranean, which chance to be most accessi- 
ble to Europeans. 

We hold, hi short, that it would be just as illogical 
to argue, .that because many craters have been built up 
by the gradual accumulation of successive eruptions, 
therefore that l£e smije must have been the case with 
till, as to contend, that because the trachyte whid\ forms 
the bottom of the Caldera has been uplifted, therefore 
that the atriita superimposed upon it must have beeu 
So likewise, without reference to their nature or contents. 

Both descriptions of crater probahly have a real 
exigence in nature, and the business of the Geologist, 
therefore, is to distinguish the one from the other, by a 
particular examination of each, and by considering, whe- 
ther kite strata that compose it hav* most the a^pcar- 


* ifedrawing of the cone and crater ttf Uwrron Inland, B«y of 
ftataaph riL W. %. 4. wiH -giv* Seme kka of what w hew <l»* 
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ance of linfa#; or pwxl«t»*, which are 

seen forming under our ej«i> >%' yolcauo*. 

* t £ * 

We have been disposed todw*# the mqwtw poo this 
theory of Von Bach, conceiving that jtwfoee m* hkrdty 
been done tq its prAensions by English {^toftgfctat 
partly, in consequence of the original papers, In which 
lux views were promulgated, having never been IsWoa* 
la ted into our language, and pertly, in eorwqflpiiee of 
their being somewhat at variance with certain, dim* 
trines in this Science, prevalent at the nr&cftt* time 
amongst us. 

If, however, we may presume to act as arbiters he** 
tween this great German Geologist, and his opponents 
in England, we should say, that the latter ar# perfectly 
justified in relerrmg to processes of which they have 
daily experience, those craters to winch both theories may 
be applicable, on the very same principle, on which we, 
have ourselves given u preference to the simpler hypo- 
thesis advanced by Professor Forbes, and since so ably 
advocated by Mr I /yell, to account for the phenomena 
of the Temple at Puzztioh, (see p. 717.) though we 
have seen nothing to convince us, that the moie com- 
plicated theory advanced by Goethe would not likewise 
account for them. On this principle we do not doubt 
that Hoffman bus done right in retracting his original 
opinion with respect to Mount Etna being a crater of 
elevation, though we have vet to learn that this conces- 
sion on his part ought to be construed into a general 
abandonment of Von Buell’s theory as applied to other 
cases. On the other hand wc would submit to mir 
readers, whether, on reviewing the facts that have been 
put before them, they will not conclude, that the objec- 
tions inised against the possibility ot such cases occur- 
ring, as Von Buch has exemplified in his Woik on the 
Canary Islands, rest on too narrow a view of volcanic 
phenomena, which, in order to be complete and satis- 
luctory, might to embrace the phenomena observed in 
Equinoctial America, as well as those of Europe; the 
extinct volcanos of Auvergne, as well a* the recent ones 
of Naples and Sicily; and which, at least, should admit 
of being applied to all tasesof upheaving, whether occur- 
ring in primary ranges of mountains, in the so colled 
vulleys of elevation existing amongst newer deposits, or 
in tracts of confessedly igneous origin. 

Sfction 4. 

Theory of Volcanic Operations. 

Having*now treated m succession the different phe- 
nomena found to accompany volcanic action in. its 
various phuses of intensity, we may, pel haps, be in 
some degree piepaied to estimate the relative probabi* 
lit \ of the two modi s already mentioned, by which its 
existence lias been accounted fin. 

We say, the relative probability of the two, for after 
all, there will be few so wedded to either, as not to con- 
template, new volcmqc phenomena being bt ought to 
light, fresh principles m Chemistry becoming recog- 
nised, which may give a preference to soiye third expla- 
nation, entirely different from either of the foregoing, 
feeing, that one of those conditions laid down by Lord 
Bacon as requisite in order to guarantee our belief in a 
theory, rramely* that the cause assigned should be 
ascertained to have a real existence, can he. predicated 
neittier of the owe nor ot die other. 

We would also remark, that the real question at 

: 
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* taaop between fee advocates of the rival theories, stated 
to % tomdM terms, is simply this whether the phe* 

J Rpmena of volcanos seem to imply a process of oxyda- 
iton Qt m ♦ *f they do, then oar acquaintance with 
bodies which are kiudled by fea mere contact of Water* 
enables \i* to espial} the manner/ in winch the process 
of combustion may originate, its continuance becoming 
a matter of subsequent consideration; whilst, if the 
facts be foie us can be accounted for merely by assuming 
the presence in the interior ot the Globe of a mas* of 
melted matter, we should scarcely be disposed to go 
huther foi a solution ot them. 

Now the progressive refrigeration of a ball of melted 
matter proceeding from its circumference towards its 
centre, w^uld doubtless produce something like an mu- 
tation of one volcanic phenomenon, namely the emission 
of lava currents since the contraction of the crust upon 
its internal contents would squeeze out from to time, at 
Wie points of leist resistance, a portion ol liquid matter 
proportionate to the gradual diminution ol its capacity 
We may also umlei stand, why the points of least re- 
sistance should often i be on the coasts oi in the depressed 
portions ot continents; why the action of the \olcano 
should in general be intei tnifrcut , and why it should 
continue for centimes without becoming exhausted 
Wc might also account on tins hypothesis for the 
volumes of carbonic acid emitted, regarding them as 
resulting from the action of ihe heat upon the consti- 
tuents of the limestone jock, placed within the sphere 
of its operation, and consequently as being unconnected 
with any process of combustion 

But, on the other hand, this hypothesis does not ex- 
« plain, wh/volcanos should break out m the middle of 
the sea, where the pressme must be greatei, than it is on 
continents, inter txt+d as the lath r are with cave ins 
and fissures; whv Jt should take plate in certain huts 
of coast only, and not generally wheievor tin re be low 
land , and whv ful as the) would be from an inexhaus- 
tible fountain of liquid matter, ih<\ should ever become 
extinguished, oi at least, continue dormant for no vciy 
extended a period as to convey to us that impression 
Neither does this h)potla*ws tvplim the diflmiKts 
that exist between the products of volcanos, which, if 
derived from die same internal stance ought perhaps to 
be uniform in their composition and structure 

In coucedmg, therefore, that the conditions of this 
hypothesis permit us to explain this phenomenon, it is 
conceived, that we have gone further than we are Mnctl) 
wananted in doing ; whilst with regird to others more 
characteristic and ^Meutml than even the emission oft 
lava, it leaves m> altogether in the ckok, 

fn what manner, for example, will the admission ol 
Cordiers tlieorv enable us to account for the evolution 
of steam, and of the different asses, which we have seen 
tobfc constant!) piesent, or for the consequences of the 
•confinement of thtse elastic fluids in the interior oft the 
Earth, winch manifest thunselves, m the explosions that 
aceqmpapy On ei upturn, or in the upheaving of rocks and 
the pjwuimon of earthquakes wfoch we attnbute to its 
operatic ? 

Nor Cgp Bjp bo considered guilty of guy gratuitous 
apaumpfrou ip feus attributing them , for, although thfc 
upheaving effects of volcanic actmu have been by some 
airbed merely to the hydrostatic pressure of a r mm of 
lava* which had been forced pp to the summit of the 
\ crater, yet it is plain, that to haw brought it into that po~ 

* Mtum in defiant of (he tew* of gravity, some powerfiiffy 
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moving feme must have bm fata, 

ean W attested,* in tfe 

adequate to fe* e«M '«****> 

a great body of elastic vapour* fee MifekW 0 wfofcj* ife 
are compelled from many other 4® «t4)fetit? 

Aware probably of fee difficulties feat suggest 
selves to Cordter e theory in this da roost sample isfrs, 
many of those who profess to support it, ceil tote ptey 
auothei principle, namely fee witjOB of waiter* Bd*teh» 
making its way to depths where the Earth te 
posed to maintain a temperature sufficiently exalted 
this purpose, is converted into steam, and thus *$crwte 
by its elastic force to eject the various heated matters 
winch issue from tile orifice. 

Jt roust be <on(essed, that such an addition to fee 
theory supplies us with an explanation oft much* which 
former view ot it had overlooked, especially, fee sfrua- 
tiou of Volume*, near the sea, their power of upheaving 
rocks. and m geneial the expansive force, which 
tutes one of ifreir leading features. 

Yet even here, unhwb we suppose some kind of com- 
bustion to lake place, we are left in the diuk, with re- 
gart! to the evolution of sulphurous acid and of mlru* 
gen gnsi s , and unit s* we suppose the existence of some 
principle or oilier capable of decomposing, as well as of 
conveiting info vapour, the water that (aids admission, 
we simli li mlly be able to account for the steady a id 
copious i mission of livdrogeu combined with sulphur, 
vvhu li has been nmittd 

It may, indeed, be said, that sulphurous acid would 
arise from the spontaneous union of sulphur with oxygen* 
at the high temperature to which it would tie subjected, 
if it existed so deep in the bowels oft the Earth ; and that 
several of the commoner metals, such as iron, are capable 
of decomposing water, and combining with the oxj gen 
of the atmosphere, when subjected to the same heat— 
whoiMc would result an evolution* both ot sulphuretted 
hvdiopin and ol the u oduaiy nitrogen, derived from 
the atuiOhpluiic air admitted 

But wlu n the upturn list is once br naght to allow, that 
combustion of si me kind or other makes a part of vol- 
canic operations, he will neiesKadl) look to the products 
ol these kitten, in order to satisfy himself* what fee mater* 
rmU may have been which" have contributed to the 
effects. 

Now we have ul-eady seen, that fee substances ejected* 
from the cnitei ot u volcano usually consist* m the largest 
proportion ot silex-, ii/xtof alunnnu # * then of oxide of 
iron, then lime, and lastly soda or potass. 

That the elements of these bodies must* soibe of them 
at leasfr have absorlied o\)geu from the atmosphere? , 
during the process by winch their fusion jms beep • 
effected, seems to follow, from the nitrogen disengaged? 
and the arnmomacal sails sitbUnfed ; and if we are thus 
brought to admit, that a metal so oxidizable as iron may 
exist fe ite metallic condition at these depths* what is to 
hmdei us from going one step further, and applying fee 
samq supposition to fee bases of the earths, and afimqftt 
thus obtamfeg a readier solution of fee energetic 
racter of those processes, which are adequate to • 

duoe fee effects we witness ? # 

It has, indeed, been alleged, feat fe# tvyo 
con#tuents of lava* nafeely, fee base# of awtea< pm 
alumina, are npt highly inflammable* Silicon, 
perfectly pm* restate a white heat without 
oxygen, apdidtmVinfom may he Wtedfe ateitajf ppwi 
decomposing it But, in the first plaee? \t$ *m ** 
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wjfl» tbvee 0*Me«, *fcboo( finding tkftWi a^oont* potawiu# Urtd fcwhttot' »m, cannot m*k* n part of ita ft 
4 ffifhtt lime or nw *Wa»ti ; and the bittirof tK* rfueteys. . i " 

** A"- 1 * *■* ^ Bat we are net «bh'gf4to itkttt^ttea propnrttan 

af these alkaline bawe to he «o«W U im- 

plied by the com position of the tirtpt nWUML *1<I pW- 
bably we shall hurl, tint n*or« ibato Aw# or fte#f*ttMJnnt. 
of potass or SOda to exist in the avOTagO 6f tfofaknic 
productions. 1 1 * 

On the other hand, the specific gravity bf tb# fetliik Wf 
silica, and, probably, also, of that of the otfest OOrths 


. , •», m h*t« reason, frmw dairy's experlaionts, to ije*- 
IWoiitl yghljthiflammahle « Hie hater we know to bo so. 
’ ’SwOftaiy, silicon kindles readily if united with a little 
' ih Or with carbonate of soda ; and aluminium 
OvOb by itself burns brilliantly when heated to redness, 
and dwnolves with the evolution of hydiogen in very 
dilute solutions of potass. * 

There is, thareibtOt no difficulty in imagining the cotn- 


bastkm (0 be kept up by means of the silicon ami alumi- winch predominate m lava, is sufficiently cmmideMMf to 
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nium, when once it hits been commenced by the action 
Of water* upon the potassium, sodium, or calcium present. 

It has ulna been objected, that hydrogen gas is never 
emitted from the spiracles of any volcano, as if*it were 
not quite mtftiral, that it should Im» evolved in union 
With sulphur, when generated m places so abounding 
in that material. 

That the quantity thus emitted has been enormous, will 
appear from this consideration alone, namely, that the 
immense beds of sulphur in Sudy are probably derived 
from certain submarine sol fat urns, and that m snlhitaras 
the sulphur which is deposited arees not from I he •sub- 
limation of that solid, but from the deposition of it by 
the sulphuretted hydrogen and sulphurous acid disen- 
gaged which, when they come into contait, mutually 
decompose each other 

It is not clear, also, that hydrogen cas may not Iw 
evolved likewise m combination with enibon, and eten 
with phosphorus, since the dame, which has been rcpic- 
scnied as using from the .ground both during earth- 
CjiiakiM and voUamc emptums, mdieaiesthe iotm<r; and 
the bubbling up of gas, through the sea, whi< h inflamed 
on coining into contact with ihc an, a phenomenon ob- 
served ncai the Azores, would seem to imply the latter 

At all events, a large pioportum of the hvdrogen 
emoted may be pteswned to nuke tin appearance tn the 
ammomacal suits disengaged, and a still larger propor- 
tion to be recombined with the oxygen ot tin atmo- 
spheric ait prcM/nJ, and to appear us steam. 

The above hypothesis has tins further recommendation 
—that it accounts for ttapt intense action, which appears to 
be Kept up m some cases without intermission lor a 
considerable period, although it must be supposed to be 
taking place in caverns, or confined spates deep in the' 
bowels of the eaith. 

* Had the ougibufatioii been of such a nut me, as (o give 
Cine only to some gaseous product, such u<« carbonic 
acid, the comhustkm would soon have been suspended, 
or hi leash checked, by the picdoinirmnce ot u principle 
so destructive to flame, as we find to be the case in 
Goal mines that have caught fire. Nor would the result 
hav<* been diffident, if sulphur, or even phosphorus, hud 
beau the sole material by which the combustion was 
ouwniamed, for i# either instance an atmosphere would 
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wuirant the conclusion, that a mas* of matter, tontaittitttf 
these principles m the proportions indicated! ami whited 
with as much metallic iron, as We know t& c*ist in Inn 
state ot an oxide in the generality of lavas, would fofttt 
an aggregate possehsiug an higher aptoific gravity, than 
that of the compound lesulting from the oxydation of 
the entnu mass 

Let us take, for instance, the analysis given by Dr.* 
Kennedy of the lava Jrqm Etna, which he states to con- 
sist, of 


We here find that ]00 paits of this lava have a spe- 
cific gravity equal to 320,6, and consequently that the 
specific gmvity of the mass would be no more than 3*2, 
supposing it divested ot water * 

Now let ns contrast this with the specific gravity of 
100 pails ot the metallic principles, which would give 
rise to a mineral possessing the above chemical compo- 
sition. 

S.lica .... 52 contains of base 26 X Sp. gr.2.0 = 52. b 
Alumina. 19 contains of bast* JO XSp gr,2.0rr 20.0 
Lime . . 10 contains of base 7 X Sp gr 4.0 = 28.0 
() Aide of iron 15 contains ol base 12 x Sp gr.7 8 = 93.6 
Soda. . .. 4 contains ol base 3 x Sp gr 1.0r= 3,0 


196.6 


58 -196- 10 0 - 340, 

Consequently the specific gravity of the whole would 
l>e no less than 3 4 The specific gravity of aluminium 
appears not to be ascertained, but proliably it is not 
mb nor to that of silu on, « Inch sinks m the strongest 
sulphunc acid, ami therefore is more t *than 1.83. 

The Iheoi y theiefore, we have been advocating, leaves 
the question with respect to the cause of the Earth’s den- 
sity just on the same footing as before. Those who are 
of opiuion, that the latter inay be explained by the mere 
condensation ot such rocks as are found near the sur&ce, 
h*ve been produced* m whfCh the further mydation of in consequence of the superincumbent weight, ns certain 
these Wles, could not have proceeded ’ metals may be rendered heavier by pressure, are entitled 

J Ut, supposing the substances inflamed to be metal«, to extend this cxplaimtion to the case of the alkaline and 
h form with oxygen a fixed product, and disengage earthy bases , whilst thbwe who regard the density of the 
fcotp water an inflammable prmciple, as in the we as- Earth to be a proof, that some heavier matter must exist 
fltrWod* We can see no reafH>ti, why th© combustion below, are not prechtded from fcoeli a s&pposition, as 
Wot convene for a ges With unabated vigi>ur 1 a» is onr theory InvphM merely the raeteuce of such a quali- 
ty Itt sevetai volcanos, t t Uty of metallic ingredients, a$> v would be sufficient to pro- 

ohjectiw against our Hypothesis has also bean duet* the materials ejected, leaving the* constitution of 
flout She mean density of the Earth, the remainder just as open to conjecture as it was before. 
Wt flue tim us VbcA of water; mA It is curious, indeed, that whilst some have argued, 
iMOflt ikfe tom so light, no that Urn kmd of materials- found near the* surface la 
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y. account Jbr the density attributed '-to the 

(L E&rtii in |pfeneraJ ; others, as the late dMuffuishtsd 2pr<* 
^yp$k0hmk, have contended, that these substances Wbtfld 
*Itere their sjietific gravity so much increased by the 
.enormous pressure, that Void internal spaces must be 
necessarily supposed. On thiaiie4m§ founded his' singu- 
lar hypothesis, that the cent re W the Earth is filled only 
with light, the rarest substance known ; an idea, the mere 
mention of which is sufficient to show, how little we can 
be justified in rejecting an explanation of facts, merely 
becauoe it appears to militate against the conjectures, that 
may be conjured up with regard to the internal condition 
of our Plane!. 

' Dismissing! therefore, this objection, and leaving to 
our readers full liberty to form their own conclusions 
with respect to the internal state of the Globe, granting 
even to such as contend for it, that an internal fluid muss 
might give rise to some of the phenomena of volcanos ; 
We conceive, that if the opposite theory can explain other 
effects, which the above leaves untouched, in addition to 
those which it elucidates, we are bound by every rule of 
sound reasoning to allow it the preference. 

Now that this is the case, we shall attempt to show, 
by deducing, from the supposed existence of the alkaline 
and earthy metalloids at a certain depth in the Earth, 
the several phenomena of volcanos, in the order in which 
they present themselves. 

Statement of the Theory 'proposed. 
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or with sulphur/ both ■ being ■ #;■’ J&b' 
favourable to their union, in tbe-&rmerca8e, nitrogen 
gas wdff be given off, and this, . wifi; 

rise towards the surface, either in its fieeAte>or'Com' 
biued with a portion of the hydrogen to the form of 
ammonia, which, however, jrill lie neutralized by the 
free muriatic acid, the strongest usually present Hence 
the sal ammoniac, so frequently found m volcanos, and 
the nitrogen given off in hot springs. 

The hydrogen not thus disposed of, combining with 
the sulphur, will farm sulphuretted hydrqgen gas, which, 
for the^ume reason, will rise upwards in agn&emts forth, 
unless it be decomposed by union with oxygen, or in nti^ 
other way. ’ 

Bui so long as oxygen be present, in sufficient quantity 
to combine with the hydrogen, and re-convert it into wa» 
ter, the sulphur will continue in combustion, and conse- 
quently sulphurous acid will be predominant amongst 
the gaseous exhalations emitted from the mouth of thO 
volcano. 

So soon, however, us the oxygen is consumed, the hy- 
drogen, no longer entering into combustion, unites with 
the heated sulphur, and escapes in the form of sulphuretted 
hydrogen, which consequently, towards the close of the 
eruption, when the oxygen is expended, will predominate. 

As, however, the two gases alluded to mutually de- 






We will suppose, that the nucleus of the Earth, at a 
depth of three or four miles, either consists of, or contains 
as a constituent part, combinations of the alkaline and 
• earthy metalloids, as well as of iron and other more 
common metals, in the proportions jndicaled by the com- 
position of lava; these being combined, perhaps, with 
sulphur, and constituting various snlpho-sahs. Such 
bodies are gradually undergoing decomposition, wherever 
they come into contact with air ami water, but, defended 
by the crust of the Globe, us even a mass of potassium 
or a certain size may be by « crust of its own oxide, if 
kept pcifivtly dn), the chemical action excited goes on 
too slowly to produce any of its more striking effects, 
unless the latter of these agents be present in consider- 
able quantity. Hence, under our continents, the elastic 
fluids' generated, and the heat evolved, show themselves 
principally, in their influence on the temperature of the 
interior, or in the phenomena of thermal waters. 

But under the sea* or in any qther situation where 
the pressure of unequally large column of superincum- 
bent fluid assists in forcing the water though the crevices 
of the sub jacent rocks, the action must often go pn more 
rapidly, and the effects consequently wear a Are for- 
midable aspect. 

These latter, however, will occur in the middle of the 
sea teas generally than on the coast, because the pres- 
sure of the Ocean itself furnishes an impediment to (> the 
escape of elastic fluids, greater than that of the con- 
tiguous land* stud they will in general not be constant 
but fhtcrmittent, because the heat generated by the pro- 
cess itself wjU have a tendency to close the orifice by 
which the ^#tlr entered, first, by injecting the fluid lava 
> into the Wjd secondly, by causing a general ex- 

pansion of the;'^^; nor will the water again find admis- 
sion, until, owiifg^o the cessation of the process, the 
rook W co mi # consequently ag»*h contracts 
\ nearly to its origit*'4iitt«t»«jg«H. , >'/’■' ; ' 

4 Now thefirst e^ct of jie!lctieh of water upon the 


compose each other, the appearance of sulphuretted 
hydrogen from the month indicates, not necessarily the 
entire absence of sulphurous acid at the place when? the 
process is going on, but its less copious production than 
before, owing to the more scanty supply of oxygen. 

The very circumstance of the reproduction of water, 
by the mutual decomposition of these two gases, might be 
the means of keeping up tile action in a languid manner 
for an indefinite period. 

The slowness with which lava cools, would cause it to 
go on giving out, for a considerable lir^e, sufficient bent to 
the adjoining strata, to communicate to the sulphur the, 
temperature necessary to occasion its combination with 
«m gen ; hence, a certain portion of sulphurous acid 
would be continually emitted, f which, however* W'onld b© 
soon decomposed by the hepatic gas present. The water 
resulting from this process would percolate into the re- 
cesses of the rock, attack any portions of tb’ 1 alkaline and* 
earthy metalloids that might have escaped the original 
action, and give birth to a fresh volume of hydrogen gas, 
ready in, its turn to dissolve a new portion of sulphur* 
and thereby to contribute to a repetition of the same 
phenomena. Thus, no diminution in tire quantity of • 
water present on the surface of the Globe need arise |jom 
even an endless repetition of volcanic processes, a com- 
paratively small portion of that fluid fUftliing the seme 
office in these great natural laboratories, which a hide , 
nitre discharges in an oil of vitriol manufactory ; tire > 
same water serving qver and over again as the carrier of 
oxygen to whatever metallic matter is capable of deO&njV 
posing it, just as the nitrous gas generated by the nitre 
furnishes oxygen to the sulphurous acid, owing to 4b < - 
previous conversion into nitrous acid vapour/ ;p 'M*;- 

Tb{ 'Separation of c murkitic add from iibe ,v, 

and other mwrthtes present in sea water, •:? . ■ 

the ^common principles , chem&tfy* by - 
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<ho*m- pa ? and itm sublimation of iron, in the state of M fr 
Ch* in* tf mmpMe, lifter tf**w tof that of a prmtfde, 

my ft#f# Wttlted fitftri the cteoxydiaHig property of 
the sulphuretted hydrogen, at -the sam# tinte disengaged. 

The earbooic acid fa probably derived from the action 
of the heat on the calcareous strata contiguous, and is 
consequently given off even by volcanos that appear ex* 
iinet, wing to the long continuance of the heat, or the 
languid action going On long after the tendency to erup- 
tion has ceased. * 

Alt the phenomenV in short, which are concomitant 
upon volcanic action, seem to admit of explanation, if we 
will only suppose salt-water, and afterwards atmospheric 
air, to find admittance to cavities in the interior of the 
ISarth, where they can come into contact with the metals, 
arid the earthy or atkaliric metalloids, combined wfth sul- 
phur, there existing; and if it he objected, that the pre- 
sence of air in the interior of a voleario, m sufficient 
quantity, seems problematical, we may reply, that as 
the first effect of the heat would be to piodute a soften- 
ing of the contiguous strata, it must necessarily happen, 
that the evolution of so laigt a portion of elastic matter 
would have the effect of bulling them up to a certain 
distance round the focus of the volcanic action * 
This aperture would undoubtedly l^e occupied in the 
first instance by the gases given oil by the volcano itself; 


excised for adoptingttat view, wftMu %( fees simple, Gmk 

m ore at feoitientiitod to consider for the present more V CJ ** * 
Rdequrite mytovHx »H oMditiouxof dm problem 
to to# solved. # 

Neither should it be forgotteri toytbose who object to 
our views, on the ground that *to# ^xJsteiioe of the metal- 
lic bases of the earths and^lfeabes m the tnterW«f the 
Globe is imaginary, that ^likewise is 0mt Of t heir own * 

fundamental postulate — the mess of melted rmtifer m 
ill© interior of the Globe which th#y assume ; whilst lb# 
high temperature belonging to the crust of the Ewsth, 
wherever it is out of reach of atmospheric changes, ftp 
far from affording any independent proof of their position, 
would be an almost necessary consequence of* such Ob#** 
mica) processes as those m which we suppose volcanic 
action to originate. 

PART II. 

DESCRIPTION OF ROCKS, ATTRIBUTED TO VOLCANIC 
ACTION TAKING PLACE UNDER CIRCUMSTANCES * 
DIFFERENT FROM THOSE BE! ORE CONSIDERED. 

Sfction 1 , 

On Trap Rodn 
Introduction 


but the slightest iiitermittenee, or even inequality in the 
process, would occhsioii a partial vacuum, winch the air 
of the atmosphere would immediately fill 

Wc mi> foitily these conclusions by the authority of 
Sir II Daw, who in a Memoir on the Vhenomina of 
Volcano*, published 111 th t\Philo*ophuaf Transaction* 
for 1B2S remarks, (hat theit was every uason to suppose 
in Vesuvius the existence of a descending cui rent ol air , 
that the suhterraneato thunder heard at miui great dis- 
t mces underneath the mouiitain, is almost a dunonstia- 
uon ot the existence of great cavities below, filled with 
aeriform matter , and that the saqie excavations, which m 
the active st tte ol the volcano thiow out during so great 
a length of time immense volumes ol steam, must, thue 
is every reason to* believe, in its quiet state, become filUd 
with atmospheric air. 

lienee, perhaps, we fftay explain a phenomenon that 
lias been noticed dm mg the continuance of an eruption, 
namely, that of the air begig 1»< ml to rush through the 
various spiracles ol the mountain, with a loud, and as it 
is represented an almost musical sound 

Notwithstanding, thereloie, the respect we entertain 
for the autbonties, both m this i'qmitry and on the Con- 
tinent, which, m discussing these two theories, appear to 
have thrown tlu*ir weight into the opposite sude we are 
util! disposed to ptefer the chemical one just laid down, 

# * to that which, in contradistinction to it, we shall venture 
to dgmunftiate 4 he mechanical one 

Not one of the supporters ol the latter view has, so 
h«r m our infarifiatHm* extends, attempted to do that, 
which alone can exalt an hypothesis fiom the rank of a 
me re \ ague suggestion of the fancy, to that of a lational 
and satisfactory solution of a physical problem none of 
them link undertaken th# task of taking up, one after 
the other, th# phenomena that have been observed to 
occur during the different stages of volcanic agency, and 
showing their respective agreement with the principle 
tortd down at the commencement # 

This we have at feaat endeavoured to accomplish iu 
page#; and unld the same shall have been 
efttodedby/tb# advocates of the rival theory, wc must be 
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Having now concluded our intended sketch of the / 
phenomena of exiting volcanos, and attempted to ex- 
plain the causes from which they originate, we have to 
consider in the next place, the influence winch they 
in ay have excited on the condition of our Planet, the rocks 
that have been produced by their operations, or altered 
m charm ter and position by their agency. 

It is this part of the mqum, which connect# the sub- • , 

jeet of volcanos with the other investigations of Geo- 
lo„ v, and renders their study of interest, not mtuly to 
the Chemist arid the Natural Philosopher, but hkcvu-,e 
to all who would attempt to explain the condition, past 
or present, of the Globe we inhabit. 

Wc shall begin then, by considering the rocks, which, 
though differing »n some respects from those produ td 
by volcanos at the prestnt dav, appear to us neverthe- 
less, to be demed from the same cause acting under 
somewhat altered circumstances. 

Tin re art few parts of the World, that do not offer 
example. s of those rocks, which are cornpiehcnded by 
Geologists undu the name of trap, including, as it docs 
in its most extensive sigmbc ation, on the one hand, 
basalts, greenstones, syenites, unck wacke, and on the 
othit, porphyries with bust of felspar or day stone. 'Io 
each of these general subdivisions tufc annexed sundry 
mechanical aggregates, m which pebbles or angular 
fragments of the rocks above mentioned constitute <W 
prevailing ingredients , 

ttabalt 

The first of these, basalt, appears to be an intimate 
mixture ot compact felspar, cither with hornblende, with 
augitc, or with both Jt fe sometime# ot ah uniform 
texture, but more commonly contains imbedded ervstafa 
ot olmne, augite, felspar, and titaiuferous iron ore 

Its decomposition Vem& to give rise to the substam© 
called « acke, a rock of a dulf earthy appearance, and a 
dark greenish or reddish colour, which, when it adihua * 

of being examined, appears to be composed of augite of 
hornblende, with felspar, altered from' the effects of 
weathering or Other causes . * 

( * ( 
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Ch^lfT Greenstone, 

'"ttelthidk' called greenstone is a grqanlar iqg^egaie of 
,. thorn minerals, which in basalt are so intimately mixed, 

W be uwdisi jng'uishabk by the naked eye. I t, therefore, 
$oti«ists eH«eMiially of felspa^ either with augite or with 
hornblende, but the of one or other of the 

? , a two latter minerals over the mipar, communicates to the 
general mass that greenish colour from which its name 
is derived,, Thus the term hornblende includes both 
the* ruck denominated diabase, and that called dolerite, 
by Qrougmarl ; it may also comprehend, in a Geological 
sense, the hypersthene rocks noticed by Dr. Macculloch 
in Sky, and other parts of Scotland, where the mineral 
called hype Athene takes the place of the augitc or horn* 
blende which generally belongs to it. 

■ Syenite . 

Syenite differs from greenstone rather in the proper- 
‘ r tion, than in the nature of the minerals that compose it. 

It consists essentially of felspar and hornblende, but 
the greater predominance of felspar imparts to the mass 
a lighter colour. Quartz is also a frequent ingredient, 
and mica sometimes occurs imbedded. 

Clay stone Porphyry . 

Syenite, therefore, forms the connecting Jink between 
this class of trap rocks and the second, where the basis 
is either of felspar or clay stone, which latter is probably 
only a more earthy and disintegrated condition of the 
former mineral, bearing the same relation to compact 
felspar, which wacfce appears to do to basalt. The 
crystals, which impart to this rock its porphyritic cha- 
' * racter, are necessarily of felspar, but others are often im- 

bedded, such as quartz, mica, augitc, or hornblende. 
Where the basis is elaystone, the rock is called clnystone 
porphyry; where it consists of compact felspar, the 
name of felspar porphyry is applied to it. 

In other cases, it consists of that slaty and splintery 
species of felspar, denominated clinkstone, and then is 
usually known by the name of clinkstone porphyry. 

More rarely the porphyritic structure is not discerni- 
ble, ill which case the rock is called simply, elaystone, 
compact felspar, or clinkstone, according to the nature 
of its constitution, s & 

With this, or the foregoing class, are sometimes 
associated other rocks, which apj>ear, from the analogy 
of their structure and chemical composition, to have been 
formed by similar natural processes. 

Such are the hypersthene rocks above noticed ; and to 
this same denomination appear to belong the serpentine 
rooks which occur in primitive, transition, and even in 
secondary formations. Serpentine seems to consist of an 
intimate mixture of the mineral termed diallage, with fel- 
apaj; and, when it occurs in a granular condition, con- 
V t sikutefi the gabbro of the Italians, or the euphotide of 
* BrOOgniart. It, therefore, bears the same relation lS the 
latter, which basalt does to greenstone. 

,■ Pilohsiune., 

. 1 • « 

• Another rOfck belonging to this series Is pitehstone, 

■ which ^either bdWaiftf* Wholly of the mineral so denomi- 
nated, or efl* a basis of that mineral with crystal* of 
glassy felspar, % whfchit » rendered porphyritic. 

It may, jwt&a rather as a particular 

^ form or cqtfditipo pr basalt, than aa a disttact 


Bubstauce, bolding to these mineral* a blation ohpilar jCNplagy. 
to that which obsidian Vr 
There onght r thereforer' to ".’be ,iW tgctfe* 
stone, the one iuraftfyMl the ' wMi , ” ‘ " 

fetgpathic traps, but tfcg *Mk denominated • 

appears to be allied to the ;• 

The above-mentioned rdete 
conditions, distinguished byt*»e 
cells and cavities ; the former may be 
pact, the latter vesicular; terms, which o&jfip*- 

sending states in which modem volcanhs prodm^aliio 
occur. Vesicular traps, however, Sre almost invariably 
found with their cavities more or leirs compl^lyftftm 
up with various frystalline minerals, especially bale*- 
reous t spar, quartz, the several members of tlie zeolite 
family, green earth, &c ; hence they am denominated 
amygdaloids, a terra which, in some Geological Treat ises/ 
is used to designate a distinct rock* but which in reality 
constitutes only a particular state, in which all the roCks 
of the trap family are occasionally found. 

Thus we have, amygdaloidal basalt, amygdoloidal 
greenstone, amygdaloidal wacke, and, though more 
rarely, amygdaloidal porphyries. 

'they are also found in fragments or rolled masses, 
imbedded in a basis- consisting of the earthy variety of 
basaltic or felspnthic trap; in other words, either in 
waelce or in elaystone. These mechanical aggregates 
are known under the generic name of tuff, being called 
trap-tuff, when the basis is of wacke, and elaystone-tOff 
when it consists of elaystone. 

Both of them bear a close analogy to the volcanic 
tuffs, but differ generally in the degree of tliejr aggrega- 
tion from the latter, the basis of which, being for the 
most part a kind of volcanic sand, possesses a looBcr 
degree of consistency than that which accompanies trap 
rocks. 

General Characters of the, foregoing Bocks. 

The above rocks have this peculiarity belonging to 
them, that they occur in connection with all the fbrroa- 
tions enumerated in the former part of this Treatise, 
from the oldest to the most modern, resting on them in 
irregular tabular masses, occasionally alternating with, 
and still more commonly intersecting them at various 
angles. 

When circumstanced in either of the two former way* 
with reference to the accompanying strata, they have 
been denominated beds, with what propriety will after* 
wards appear ; when disposed in ifie latter way they 
are called trap veins or whiu dykes ; whin bfeing a pro- 
vincial term, originally employed by the colliers in # 
Northumberland to designate any hard Itonify but bow • 
introduced into the general language of Geology^ for 
the purpose of indicating a rock* consisting of bnaaU, 
greenstone, or wacke, traversing the Ht&ta in the manner 
that Ifas been represented. 

We shall consider* in the first plboe. the general struc- 
ture of trap rocks, and afterwards, those drcmnstaaces 
which may be regarded as peewiktr, either to the one, or 
other of the forms in which it is found. , * 

Trap rock*, in some ana of their 
present example* probably of every Wad of 
which has dsewheae fefem observed j ■ sxamitted on mb ' 
small scale, we reiaafk ihetB amygdaloid*!, 
and granular; , wg|lhed ■ on ■ ' 

some iiwomcea alhty or 

/: ■ - ; ?. . ■>. -\ w . -av./- r . 
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G&loff* divided intoiWck tabular masses, as tmsaH aadgfeenuto^e 
^ia^%ara» , ( >\ . , t , 

Primatic Structure* 

But tbat wb ich fanwliarly disimguiuhtiB rociis of the 
tmp ftun% t is the tendency to split itU& prismata -or, 
speaki%morr generally, po^rvdnd which* though 

it exist# Hkewise m granitic and a few other species of 
rooks, i* tto v vrHere so fWqueftt or so well displayed as in 
tbewk. The columns vary in the number of their sides 
front three, to six, seven, and even twelve; they ate more 
straight, but not unfreqmently curved ; in size 
tbfy may he oak) to vary, from an inch to nine feet hi 
breadth; and both a foot to 300 or morfc in height/ They 
are sometimes continuous’ for a considerable space, b«t s , 
at other times am obliquely and irregularly divided by 
flSstireti or joints, the convex surface of the one being 
inserted into a corresponding concavity of tire other. 

The columns are usually at right angles to the direc- 
tion of the bed* but not always so; hi some instances, 
indeed, they radiate from a central point, forming clusters 
of columns without airy determinate direction, and still 
more commonly they are placed so irregularly as *to 
interfere one with the other, Sometiipcf; in the same lied, 
oite portiou will be prismatic and the rest amorphous, 
whilst every intermediate condition, from that of jointed 
columns possessing nn almost architectural regularity, to 
a total absence of nil arrangement, will be perceived. 

It has been wmnl to refer this kind of structure to the 
contraction, which the mass underwent during its Cooling 
down from a melted state ; and there is no doubt, that a 
prismatic structure muy arise from a eui»e of this kind, 
a« we see exemplified in many modern lavas, and in 
the shrinking of masses of day, starch, &e. 

But there is one circumstance which seems to prove, 
that the prismatic form of trap is owing to a different 
cause ; namely* that in many cases the columns approxi- 
mate so nearly, that not even the blade of a knife can Ik? 
thrust in between them. Now in every instance in which 
the same kind of ’structure is produced by contraction, 
theory suggests, and experience confirms, the conclusion, 
that a certain interval would be left between the co- 
lumnar masses so produced. 

Spheroidal Structure. 

.We must, therefore, look to some other cause for the 
columnar arrangement of trap, and probably the true so- 
lution will be affordtjd us, by considering another kind of 
strtwtum noticed as existing in these rocks, namely, the 
^hewiidwl irfgkjbuifor. In this kind of structure, the rock 
^either wholly or in part arranged in bulls of various mag- 
• ninnies, The globular form is very conspicuous in the rock 
of the^Bhiant Islundu; but according to Dr. Macculloch 
doe* not appear to be couftnon. A tendency, liowever, to 
thin structure is mattifesfed in most trap rooks, by the 
maimer in whteh they disintegrate, those even whicil are 
columnar exfoliating into spheroidal forms when exposed 
totfie w»ather. Now, it is evident* that a series of globu- 
lar odmtethms of trap, placed in close contact, whilst in 
a pasty condition, or in the state of transition from fusion 
tofcoltdhy, would be% mutual pressure converted into a 
succession of jpifiied columns, which, owing to slight 
' differences iu the ooOipactuesft and^ontequent softness* of 
tJhe,-’ w^outld rarely be exact in 

erf" 4 ; 'thwir- but would 

extltittt alt t?:.^ -v 4 rispeot, coin m nnr 

basalt commonly 1 does lit follow, that 
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they may hdt in some cases haws shfuwk, filter the pdfc- mM iy. 
matic form has beeii comrrttirtlcatftd jo itfeht by mutual 
eomprffssion, since this Wbtdd front the 
moment they ceased to be ^ifftfevleiiaerujy 

to contract would ccmtifwe up io '/the the; 

rock ■ had strrrk to the ' ibdtffes',:;Sdr- - . 

rounding it. _ ' * ' 1 I. 

We concerve, therefore, that fhe spheirofdSl 
will be found to be the one most prevalent iff 
the trap family, and that the prismatic is 
a consequence of it; the former, Indeed, arising ftptU % 
kind of molecular attraction, which begins ttf display 
itwdf in hll melted bodies, from the momen^ "they cease # 
to be absolutely fluid, up to the time at which they be * 
come completely solid. Hence, the longer the interval * 
between these two points, the more fully does this dis- 4 
position operate, as has been shown by Mr. Gregory 
Watt and others, who have caused the particles of giaXa, 
and even of lava, to arrange themselves iti spheroidal * 
concretions, by allowftg them, after being melted, to re* 
turn ton state of solidity with sufficient slowness. 

Having now considered the general structure of trap 
rooks, let us next examine the peculiarities belonging to 
either of the two conditions in which they exist. 

Tabular Marne* of Trap. 

One of tfie most common forms in which the harder 
varieties of trap are found, is in large overlying masses; 
sometimes rising into high mountains, but more ge* 
liernlly capping the summits of hills of comparatively 
low elevation. These latter sometimes* would seem to 
indicate stratification, but this appearance is owing to 
their divisiou into large tabular masses, which again » 
have a tendency to decompose, in nr» abrupt manner, at 
right angles to the seams of the stratiftcat ton, thus pre- 
senting a series of mural precipices, ranging one above 
the other, from which the term trap, which, in Swedish, 
signifies a stair, has been applied to them, 

In other cases they appear to alternate with the rocks 
of the country, but this appearance is most frequently, 
though not alvvoya* deceptive. l)r Macculloch lias shown, 
that many veins of trap put on a form so far parallel to 
the stratification, os, when partially viewed, to possess 
the semblance of beds. Their true nature may in these 
ctisMfe be determined by finding that the parallelism is 
not long maintained, but that any one such supposed 
stratum quits its place to intersect the adjoining 4»d in- 
cluding stratified rock, or sends ratifications through 
the whole series. (See plate v. fig, f>.) 

In a few cases, where deep sections hf cliffs afford op- 
portunities for examination, it is foonfa, that iirtegtrlnv 
masses lie beneath the stratified rocks in sohfie placet, 
just as they surmount them in others ; dud that, from 
these also' veins proceed to the surface, or itt other 
directions. 4 • 

Without, therefore, altogether denying, that altemu- , 
lions of trap rocks With n'epttmian deposits may occur, 
a consequence vvhich would necessarily ensue, if succes- 
sive formations of the former rock had taken place nr 
the bottom of water, Which Whs at the time in the act of 
producing deposits of day, UmeStbne, or sand ; let us g« 

Pn to conskfef t4w» Ooso df vein* or dykes, to which class 
the great majority ptobhbly of M rati form masses of trap 
actually bdung. ♦ 

V , ■ \ ByhtefTrap. 

These dykes occur of all sizes, from a few .inches to 
twewiy or ’thirty yards in thickness. Tliey extend in 
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Geology. cases many miles in length, as in the case of the 

Ch. HI. great Gleavelaucl dyke in the North of England, which 
-—•v-w' has been traced in a direct line more than seventy miles. 

They seldom ramify, but pursue their primary direction 
in one continuous line. They are usually intersected by 
fissures at right angles to their frails, and are thus divided 
* into irregularly prismatic concretions. **' 

They often penetrate rocks belonging to different epochs, 
and wherever the circumstances of the country allow Us 
tc fallow them for any distance, have been found con- 
nected with some great mass of the same material. From 
their superior hardness and durability, they generally re- 
sist decomposition letter than the rocks which they 
1 intersect, uhd consequently stand out above the surface 
, of the ground, like walls of stone, w hence, indeed, they are 
termed dykes: the term wall and dyke being synony- 
mous in North Brituiu. Their effects upon the contigu- 
ous rocks aw; very remarkable. The latter are often 
» thrown down on one side, and elevated on the other, as 
if by the forcible intrusion of #he trap. The same 
thing occurs, when two trap dykes cross one another, 
that which has been shifted being considered as of the 
greatest antiquity. The contiguous rock is variously 
altered according to its mineral constitution. If it be 
limestone, it is often rendered hard and crystalline, like 
marble ; if shale or slate clay, it is turned into a sub- 
stance resembling flinty slate or porcelaiu jasper ; if 
sandstone, it is rendered hard, and, in a few cases, pris- 
matic ; if it be gneiss, it is concerted into a kind of 
hornslone. (Nigg near Abeideen ) 

But the most striking alteration is observed, where the 
dyke intersects the coai strata. 1 n some cases (Cleave- 
i land) the substance of the coal in immediate contact with 
the trap is converted into soot, whilst at a little distance it 
is reduced to a coke or cinder, wholly destitute of bitu- 
men. The roof immediately over the coal is lined with 
crystals of sulphur, which may have been sublimed from 
the coal. 

Nevertheless these effects do not appear to be univer- 
sal, and it sometimes happens, that a dyke will travel se 
a series of rocks for a vast distance, without in the least 
affecting them. They are also much more commonly 
produced by dykes, than by overlying masses of trap, 
though the case of the Meisner shows, that a similar 
influence is sometimes exerted even by a bed of green- 
stone overlying coal. 

Origin of Trap Rocks. 

Such then are the principal facts that seem agreed 
upon, with respect to the composition, structure, and po- 
sition of trap rocks; and the conclusion, to which the 
greater purt of them evidently point, is, that they have 
been produced by igneous action of a kind similar to that, 
by which volcanic products are forming at the present 
dny. 

Their chemical constitution can hardly be held eon- 
’ sisieut with any other supposition, for they have been 
ftmndby Kennedy to agree very nearly in this respect with 
those volcanic products, which they most resemble miue- 
ralogically, consisting, like the latter, of com pounds’" of 
silica, with aJumiue, lime, and an alkali, commonly po- 
tass ; substances, which have been never known to enter 
into chemical union, except under the influence of a high 
temperature, qpd have not yet been found as parts of 
any fteptuniao deposit, except as rolled masses derived 
from afidther quarter. 

The general correspondence in mineralogicul character, 
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which may be traced betw^l tfap ind volcanic rooks, is Geotyft 
still more conclusive* Thus ilie basalt* of the one find ^ in 
their analogues amongst the abgftio jay** of the other ; 
the syenites and greenstones correspond with the grey- 
stones or tephrincs, and the duystehe and felspar por- 
phyry with the trachytes that accompany modern 
volcanos. We even discover occasionally, m the midst 
of the products of volcanos, that have been in action 
Since the valleys of the country were excavated, and, 
therefore, at a recent period, rocks so nearly identical in 
characters to those which usually are considered las trap, 
that we cannot deny that the latter are, in fhet, produced 
by volcanic processes. Of this kind are the basaltic 
colonnades, which occupy the bottom of the valleys in the 
VivaVais, and have evidently "been derivgd from the vol- 
canic craters above them. The tnineralogical and che- 
mical composition, as well as the prismatic structure, of 
these basalts, are precisely the same as those met with 
in trap districts; the only distinction that can be per- 
ceived being, the presence of void cells or cavities of very 
minute size, which seldom exist in the older traps With- 
out being occupied more or less with crystalline matter. 

•Neither would it be difficult to find, among the tra- 
chytes of Hungary, Auvergne, or the Euganean hills, 
rocks identical in structure and composition with the 
porphyries of older date ; as, for example, those which 
accompany the trap rocks at Sandy Brae, in the County 
of Antrim. The inferences too winch on examination of 
the rocks, placed as it were at the opposite extremities of 
the senes in point of antiquity, could not fail to suggest, 
are greatly confirmed, by observing the appearances pre- 
sented by those which belong to an intermediate age. 

From whatever cause it. may have arisen, it is at least 
certain, that, connected with the deposits belonging to 
the tertiai y periods, is found a class of rocks, winch, if 
regarded as volcanic, seem often to present, the characters 
of trap ; and if considered as trap, to put on frequently 
the clnuacteis of recent volcanic products Such are the 
formations in the Vttl di Noto, in Sicily, in several parts 
of Italy, in Auvergne, in Hungary,* and in other part*-) 
of Europe, all of which have bet n traced to one particu- 
lar period in the history of our Fluuei ; namely, one Hub' 
sequent to that at which tlx chalk appears to have been 
deposited, but antecedent totfhnt in winch the Earth was 
peopled by its present inhabitants. 

Nothing, it is clear, could afford n more striking proof 
of an identity in the origin of trap and* volcanic rock#, 
than this apparent transition fronrone to the other, in 
proportion as the circumstances under which they were 
formed came more and more to resemble those of the 
present time. m 

Wernerian Theory with regard to Tcap. • 

Yet, notwithstanding this accumulation of evidence in 
favour of the community of their origje, it is no long time 
since, the Opposite opinion was espoused by some of the 
most distinguished Geologist® in Europe* and a theory, 
at once clumsy and gratuitous, was. in vented, for the pur- 
pose of explaining, without having recourse to igneous 
agency, fhe position occupied by trap rocks, which lie 
incumbent on whatever stratum might chance to be 
uppermost. % * 

No doubt, the weight attached to the name of Werner, 
whd was regarded not unjustly as the .father of scien- 
tific Geology* gave to hix views m this subject a eu*- 
rency, which th^y mould not othewtse have obtfliued, hut 
even his authority would not have induced his disciples so 
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generally to adopt his opinion, had there not been 
difficulties in the way of the opposite doctrine, which 
served in some degree as a set -off to the glaring 
absurdities of their own. We ought indeed, in candour, 
to supjiose, that the Neptunium, as they were culled, 
agreed only in rejecting the volcanic theory of tru^v us 
supported by insufficient evidence, and that the majority 
of them entertained no very decided views with regard 
to the manner in which it vyas really formed. Werner, 
indeed, had called uj) the ocean to the very summits of 
the hills, at a period subsequent to the deposition of the 
Other rocks, in order to overspread the Earth with the 
materials of his newest floetz trap formation; but his 
followers must have regarded this merely in the light of 
an hypothesis, brought forward in order U> show, that 
other possible Aiodes of accounting for the origin of trap 
might be imagined, without invoking the aid of the God 
of Fire. 

We shall not, therefore, concern ourselves with this 
hypothesis, to which few probably ever attached implicit 
confidence, but will merely consider, what was the nature 
of those difficulties, that induced so respectable a class 
of Geologists, not very long ago, to withhold their 
assent from the position, that Imp locks weie the vol- 
canic products of an earlier period? # lu doing* this, we 
shall particularly refer to one only of these rocks, 
namely, to basalt, conceiving* the whole question, as to 
the formation of other rnemheis ul the senes, to hinge 
entirely upon the result of ouriiujimy with respect to tins. 

Argument* tn favour o f tfu Aqueous Origin o f Basalt. 

The aqueous origin of basalt was asserted, or rather, 
to speak more correctly, its igneous origin was denied, 
partly troni its relations toother rocks, and partly from 
its own composition, structure, and position. 

It was shown to pass, on the one hand into green- 
Mone, and on the other into wucke, both which sub- 
stances, it was argued, must have been of aqueous 
oMgin . greenstone, because, if it had undergore fusion, 
the crystals loomUin it would have been obliterated ; 
wacke, on account of its passage into cloy and similar 
conlessedlv neptuman deposits 

ft was also found to alternate repeatedly with these 
latter, often without effecting any apparent change in 
their nature. 

. The composition of basalt, it was said, contradicts 
the idea of its •having been affected by fbc; it contains 
water, which does not crist, as* had been shown by 
Kennedy, in the recent lava*; most nearly allud to it- it 
contains vaTiou'?- crystals which are fusible at a heat below 
that at which basalt melts— and it even envelopes musses 
of limestone, ctmtammg all their carbonic acid, and 
occayotialfy with their petrifactions uninjured. The 
structure of basalt is, iPwas alleged, still more strongly 
opposed to such ati opiufon ; instead ot being vesicular, 
Harsh, and vitreous, like modern lavas, it was coinpuct, 
stony, and sonorous like iron ; instead of being split into 
irregular, polyedral nfassen, wit ii wide, intervening spaces, 
it wok often divided into prisms affecting a great degree 
of regularity, and closely touching each other. 

• Unlike lavas, it cannot be traced to a crater; nor does 
it, like them, descend into the bottoms of valleys ; but 
is found often capping hills, whilst i<« is entirely absent 
from the low country contiguous. 

As to the similarity between basalfs and lavas in point 
of chemical composition, it was argued, that this only 
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proved the latter to have been derived from the fusion of Geology 
trap, not the former to have been produced by heat them- 
selves. \*ms/—** 

Shown to h* fallacious. 

Some of these arguments, no doubt, were founded on a 
mistaken representation of facts : thus waeke being an 
earthy kind of trap, and containing the same ingredients 
as basalt, may be produced in some instances from the 
disintegration of the latter rock ; and when that is Ibe 
case, its further decomposition would give rise to a rock 
nu wise different fioin clay. All the cases, probably, iu 
which the passage from basalt to clay has been asserted, 
fall under this predicament. 4 * 

The greater number, too, of the cases cited, in which 
organic remains arc said to have been detected in trap, 
are equally erroneous : the rock in which they are found, 
being either a trap tuff, as in the Island of Cuima; or a 
wacke, derived, probably, from the decomposition of • 
basalt, as at Joaehimslul, in Saxony; or, lastly, a rock 
altered by the contact of basalt, as the flinty slate of 
Portrush, near the Giant’s Causeway, which contains 
ammonites. 

Hut. even if basalt had in any instance been found to 
contain organic remains, this would be no more than has 
been met with among the ejections ol volcanos. Thus, as 
Mr. Dclabeche informs us, in Signor Monticeilfs collec- 
tion cif VcMivian products at Naples, occur liagments of 
the compact limestones of the district vvith their organic 
remains imbedded. 

The presence of crystals fusible at a heat below that 
required by their matrix, offeis no objection to the igneous 
origin of trap, now that it is conceded, that these very , 
crystals may have lieen produced subsequently, owing to 
the nla\ ol affinities In ought about by the fusion of the 
mass, and operating dui mg the progress of its return In 
a state of solidity. 

Differ one vs between Lava and Basalt crplaimd . 

Tint there are other manifest diffeicnees between 
basalts and lavas, which require to be accounted for, 
before we allow' ourselves to refer the former to volcanic 
agency ; namely, their greater compactness and more 
stony aspect, the general absence of glassy and of vesi- 
cular products, the more regular prismatic structure 
winch they assume, their originating iu dykes, and not 
in < i aters, and other peculiarities above alluded to. 

il remains then to be seen, wliat were the condi- 
tions, which caused the volcanic products of an earlier 
period to assume an appearance in * many respects so 
difl'eieut from that which they affect at present, 

One circumstance will immediately occur to us, as 
establishing a distinction between the two cases. 

We have se-m in the former pari of this Treatise, that up 
to the period of the tertiury formations, tile greater part 
ol tin* Globe, or at least of that portion of it which has 
come under our observation, was covered to u great 
depth by water; for, although the formation of beds of 
coal, the occasional occurrence of fresh- water shells, 
and that of the remains of land animals, convince us, 
that certain portions of what is now dry laud was 
even at that time elevated above the wafers : still it is 
probable, that these constituted merely detac fied Islands 
in the midst of % the abyss of ocean ; ’and that the 
great bulk of our continents were af that period sub- 
merged. It follows from this, that the majority ot 
b r 
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the trap rocks then formed must have been submarine 
lavas, and hence we see at once a distinction between 
the above and those of the present day, which, where- 
evcr they are presented to our observation, are neces- 
sarily subaereal, or at least consolidated only in shallow 
water. Thus in the volcanic Island* recently produced in 
the Mediterranean, the products that have come under our 
notice, are porous and vitreous, like those of Vesuvius ; 
but those, though products of a submarine volcano, have 
all* been ejected into the open air, and, consequently, par- 
take* of the character of subaereal lavas. 

, Effects of Heat modified by Pressure . 

Thi9 distinction, first pointed oat by Dolomieu and 
Strange, was happily applied by Dr. Hutton, in his cele- 
brated Theory of the Earth, to account for the differ- 
ences between trap rocks and lavas, on the principle, that 
the effect of the heat applied would he modified in these 
two cases, by the influence of the pressure exercised by a 
superincumbent ocean upon the former, and by the ab- 
sence of any such pressure on the latter. 

“The tendency of an increased pressure,” to use the 
words of his illustrator. Professor Playfair, “ on the 
bodies to which heat was applied, is to restrain the 
volatility of those parts which otherwise would make 
their escape, and to force them to endure a more intense 
action of heat. At a certain depth under the sea, there- 
fore, the power of a very intense heat might be unable 
to drive off the oily or bituminous parts from the 
inflammable matter there deposited ; so that, when the 
lieai was withdrawn, these principles might be found 
still united to the earthy and carbonic parts, forming a 
substance very unlike the residuum obtained after com- 
bustion under a pressure no greater than that of 
the atmosphere. It is in like manner reasonable to 
believe, that on the application of heat to calcareous 
bodies under great compression, the carbonic acid would 
be forced to remain, the generation of quicklime would 
be prevented, and the whole might be softened, or even 
completely meked ; which last effect, though not dedu- 
cible from any experiment yet made, is rendered very 
possible from the analogy of certain phenomena.” 

These latter anticipations were soon after realized by 
the masterly experiments undertaken by Sir James 
Hall, which showed, that the carbonic acid, usually driven 
off from limestone by the action of heat, may be retained 
in combination with it by a pressure greatly inferior to 
that, of the present ocean ; and that the calcareous mat- 
ter under such circumstances enters into fusion at a 
temperature, whic^i it completely resists when this elastic 
material is expelled. 

Sir James Hall has applied this discovery with great 
success to the explanation of the calcareous m fitter occur- 
ring in the cavities of amygdaloidal traps, and the water 
present in those of certain agates existing in the^sanie 
class of rocks. The same will also account for the greater 
eel lu lari ty which modem lavas possess than the generality 
of traps, the former, even in the innermost part of the 
stream, where, owing to the pressure of the superincum- 
bent mass, their density will be greatest, exhibiting a 
number of minute vesicles, the existence of which serves 
to distinguish them from ordinary basalt. 

Not that we.must suppose all trap rocks to be destitute 
of cells, any more than we are warranted in inferring, 
that all the eruptions that took place at these periods 
necessarily occurred in deep water. 


Xhe existence of amygdalotds, such as are the toad- Otology, 
stones of Derbyshire, seems to imply, that the pressure Gh* lit 
under which certain traps were formed was not suffi- 
cient to prevent the disengagement of aeriform fluids ; 
for i t is difficult to reconcile this phenomenon to the theory 
of Srr James Hall, who imagined that such cavities were 
caused by the infiltration of the crystalline matter, which, 
when it entered into fusion with the wjiinstone, kept 
separate from it, as oil does from water. If this had been 
the cause of the cavities, they ought to be entirely filled 
with* crystalline matter, which is not the case. Neither 
is the presence of crystalline matter ocoupying the cavi- 
ties a fact absolutely without exceptions. Dr. MaccUl- 
loch instances the? trap of Little Cumbray, in the Kyles 
of Bifte, as consisting of vesicular lava, so light as 
almost to float on water, having its cells*entirely empty, 
and with a glazed, internal surface, like that of volcanic 
scoriae. 

But these partial exceptions will not be considered as 
sufficient to invalidate the general position, that traps 
are of submarine origin, until some Geologist will either 
undertake to explain, on some other principle, the differ- 
enevs allowed to subsist between them and lavas, or will 
point out the inadequacy of Sir James Hall’s theory to 
account for these points of distinction. 

Why submarine Lavas cool slowly . 

It is true, that the stony aspect of basalt, and the 
crystalline or granular appearance belonging to green- 
stone and other members of the trap formation, are less 
obvious consequences of the principle therein assumed. 

But it will not be difficult to show, that, although a body 
of shallow water, from the more rapid cooling it would 
occasion, was likely to favour the formation of vitreous 
products even more remarkably, than that, exposure to 
the atmosphere which subaereal lavas undergo ; vet deep 
water would possess the opposite tendency so com- 
pletely, that we ought to meet among submarine lavas 
few substances of this description, ^ except where the 
material had been injected in thin sti earns into the 
fissures of a rock, possessing a different temperature, and 
therefore capable of robbing it of its heat in a more rapid 
manner. 

In order to understand tliis, we need only recollect, 
that the cooling agency of water under ordinary circum- 
stances, is owing, not to its being a good conductor 
of caloric, but to the circulation induced in the strata 
of that fluid when heat is applied to it. 

This circulation is effected in two yay&: in some 
degree, by the heated particles of water at bottom be- 
coming specifically lighter, and consequently displacing • 
those above, but in a still greater degree, owing to the 
absorption and subsequent disengagement of cSloric, 
caused by the conversion of suscessiw portions of water 
into .steam, and their return to their original condition, 
when they come into coutact with the^ supernatant 
liquor. 

Now it seems almost a corollary from the laws esta- 
blished by Sir James Hall, and others, that at the bottom 
of the ocean none of the water could be converted injo * 
steam ; for if, as this writer infers, t^e pressure was 
sufficient to presene water exieting in the very midst of 
the lava (where file heat must be supposed to be at its 
maximum) in a liquid form, still more completely would 
it prevent that* which was , incumbent on the healed 
mass, from assuming a gaseous condition inconsequence 
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of the heat communicated from below. It seems«pro- 
bable, therefore, that, as water is in itself a slow conductor 
of heat, the cooling of submarine lavas ought to proceed 
still more leisurely than that of mibaereal ones is found 
to do, and hence that their component parts would 
remain for a still longer time in that intermediate 'con- 
dition between fluidity and solidity, during which, as 
Mr. Gregory Watt and others have satisfactorily shown, 
the particles, release^! from the controlling power of 
cohesive attraction, and yet brought within distances 
favourable to the play of their mutual affinities, enter 
most readily into new combinations, and assume those 
crystalline arrangements which are natural to them. 

Perhaps, likewise, the superior density of submarine 
lavas, the 1 general absence of cells, and their not sending 
forth to the same extent those emanations of gaseous 
matter which appear to proceed from modern currents, 
might contribute to the same effect by still further pro- 
longing the period of cooling. 

Prismatic Structure accounted for. 

The same considerations may explain the prisifiatic 
structure belonging to many traps, jvfcich we have shown 
to have resulted from the tendency to form spheroidal 
concretions, naturally assumed by such rocks on being 
allowed to cool slowly. Instances of this same struc- 
ture are stated to occur amongst modern volcanic 
formations; as by Mr. Serope, in the interior of the 
crater of Vesuvius, as displaced in 1822; and by 
Breislac and others, in the lower portions of a lava bed 
at Torre del Greco. It is certain, howe\er. that such 
cases are rare, and that those igneous rocks of recent 
origin, in which an approach to such a structure is. ob- 
servable, appear for the most part to have derived it 
rather from the contraction occasioned by sudden cool- 
ing, than from the mutual pressure of spheroidal concre- 
tions taking place during a more gradual one. 

Such are the columns of lava worked into millstones 
at Niedermennig,. near Andcrnuch, which manifest their 
real origin by gradually approximating more and more, 
until at a certain depth the) become united into one con- 
tinuous mass. Such also ure the rude columns observed 
near Torre del Greco, 1# longing to a lied of lava that 
had flowed into the sea, the result evidently of the rapid 
cooling thereby occasioned ; and in another instance from 
the same locality, in which, as Professor Lyell observes, 
*' tile rock may rather be said to bg divided into numerous 
perpendicular fissures, than to be prismatic, although 
the same ’picturesque effect is produced. In the lava 
currents of Central France, (those of the Vivarais in 
particular,) life uppermost portion, often forty feet or 
motae iu thickness, is an amorphous mass passing down- 
wards into lava, irregularly prismatic ; and under this, 
there is a foundAiou of regular and vertical columns, in 
that part of the current which must have cooled most 
slowly. But the lavas last mentioned are often one 
hundred feetormoiV itt thickness, aud we cannot expect 
to discover the same phenomenon in the shallow cur- 
rents of Vesuvius, although it may be looked for iu 
modern streams in Iceland, which exceed even those of 
ancient France 4n volume.” 

Now the greater frequency of prismatic rocks ip sub- 
marine than in subaereal volcanos is explained, by 
'reflecting, that the slow cooling essential to that struc- 
ture, which in the latter is -accidentally? or«in a few cases, 
brought about by the remarkable thickness of the mass 
« 


superincumbent, and that only in the lower portions of 
the bed, is caused in the former throughout, by the vast 
pressure of the ocean above, whatever may be the sup- 
posed thickness of the bed itself* 


Creator frequency of Dykes. 

With regard to the next point to be considered, namely, 
the absence of craters, and the greater frequency of dykes 
in trap rocks, it must m admitted, that we are rather 
unfavourably circumstanced in order to draw a correct 
comparison between these and more recent volcanic pro- 
ducts in the latter particulars. The craters o? submarine 
volcanos, when composed of loose fragments, would be 
exactly the portions most likely to have been swept away 
by the currents of the ocean, or other causes ; whilst if 
they consisted of lavas, they might indeed remain, and 
yet all vestiges of their original configuration be oblite- 
rated by the rocks superimposed. * 

1 1 would be rash therefore to assert, that craters never 
have existed, because we do not discover any traces of 
them at present. On the other hand, it is only where 
accidental circumstances reveal to us the internal structure 
of a modern volcano, that we can expect to find dykes, 
and there we do occasionally meet with them. Thus they 
are well known to exist on the sides of the old crater of 
Mon^e Soinrna, (see pi. v. fig. 5,) and Professor Lyell 
has noticed the same in that of Vesuvius at present; these, 
however, are probably produced by the filling up of open 
fissures with liquid lava, which had occupied the hollow 
of the crater, and therefore do not precisely resemble in 
the mode of their formation those trap dykes which 
exist iu older rocks, the results of an injection of liquid • 
lava into the fissures, through which it made its escape 
to the surface. 

lu order fairly to compare together the action of ancient 
and modern volcanos in this respect, we ought to refer 
to sections of some modern volcanic mountain, taken at a 
distance from its crater, of which some of thcLipari 
Islands afford us good examples, (see Daubeny’s De- 
scriptwns of Volcanos , and pi. fig. 1 and 2,) as also 
does the Yal do Ilo\e in Etna, described by Professor 
Lyell. (See pi. v. fig. 3 and 4.) 

There we shall see dykes, which, though mineralogi- 
cally resembling modern lavus, correspond, in their rela- 
tion to the contiguous rocks, to the trap dykes described 
by Dr. Macculloeh in his Western Islands , as run- 
ning for a considerable space parallel to the strata, 
though originating in some great mass of trap under- 
neath. (See pi. v. fig. 6.) # * 

Nevertheless, although it is impossible by a direct 
appeal to facts to establish beyond the reach of cavil ’the 
greater frequency of dykes amongst submarine volcanos, 
yet probability is certainly in favour of such an assump- 
tion. » 

I f volcanic forces,” remarks Professor Sedgwick, 

“ ever have acted on a great scale upon unbroken and 
nearly horizontal strata, especially while such strata 
were under the pressure of the sen, the formation of 
tabular and vertical masses of lava appears a natural 
consequence of such action. Where, on the contrary, the 
pressure of the sea is removed, and the crust of the 
earth is broken through, volcanic fluids will find a ready 
escape, eruptions of lava will be confined to one spot, 
and the operations will be of a class altogctherdiffarcnt.” 
(Sedgwick's Geol. of High Teesdale.) 
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Geology 1 Trap Rocks , at what Periods formed. 

The admission, that trap rocks are lavas, tends very 
much to enlarge our ideas with respect to the extent of 
volcanic action at different periods. 

From the occurrence of these products in connection 
with every secondary formation, from the earliest down 
to the most recent, the chalk, it might be concluded, 
that volcanic action had taken place during every one of 
these successive periods ; but, ^except when they can be 
proved to stand in the relation of beds interposed 
between the strata, such an inference would not be 
warranted/ 

Let us take, for example, the oldest rock with which 
any considerable mass of trap is associated in Great 
Britain, namely, the carboniferous system of the North- 
ern Counties, and that in the neighbourhood of Glasgow 
' and Edinburgh. 

f The former of these, namely the coal field of North- 
umberland, is associated with many very remarkable 
dykes, overlying masses, and apparent beds of trap, but 
the most considerable of the latter, the great whin-sill, 
which is seen arranged conformably with the carbonife- 
rous limestone of Teesdale, and the Northern lie esioues 
of Northumberland, has been pronounced by Professor 
' Sedgwick to be in fact a stupendous dyke, or collection 

of dykes, which has been injected laterally between the 
strata. He, however, is inclined to refer the injection of 
this, as well as of the majority of the trap rocks of that 
neighbourhood, to a period antecedent, to the magnesian 
limestone. Mr. Hutton, and Mr. Phillips of York, differ 
from the prolessor in their view of the origin of the 
f ' whin-sill, regarding it as in great measure formed by 
periodical submarine eruptions of lava, which took place 
at intervals during the deposition of the carboniferous 
strata with which it is associated. In either case, there- 
fore, much of this extensive basaltic formation is allowed 
to be of a date as ancient as the carboniferous rocks 
themselves. 

The trap rocks of Staffordshire, on the contrary, con- 
stitute overlying masses, which may either be contempo- 
raneous W'ith the coal measures on which they rest, or 
may have been of a date much posterior. 

Lastly, the trap rocks near Glasgow are so connected 
with those of the Western islands, as the latter again 
are with those of the County of Antrim, which are 
posterior to the chalk, that we should be led to assign 
a much later epoch to their ejection, and likewise, per- 
haps, to extend the same inference to those in the vicinity 
of Edinburgh. '[ 

Thus we have three cases brought together, in which 
traf) rocks are associated with the same system of rocks ; 
the one of which is of a date antecedent to the magite- 
sian limestone, or at latest contemporaneous with it, the 
third of the same age as the chalk, and the. second 
.doubtful. 

In Derbyshire we meet with an apparent alternation of 
beds of trap called loadstone, which are more generally 
amygdaloidal, but occasionally ccfimpact, with the carbo- 
niferous limestone formation. But before we absolutely 
decided that the two are contemporaneous, it would be 
necessary to establish more completely than has yet been 
done, that they are conformable. If this be not the case, 
they may have been ejected long subsequently. 

The most extensive, however, and # in all respects 
, the most interesting system of trap rocks, found within 
the compass of the United Kingdom, is that which 


occurs in the Western Islands of Scotland, and which 
appears to be continued on in the County of Antrim, in 
Ireland. It is interesting, not only from the numerous 
sections which its situation near the coast supplies, but 
likewise from the circumstance, that it is not mixed up, 
as those in other instances are, with the volcanic rock# 
of an intermediate period, no remnant of the operations 
which occasioned it being discoverable, either by the 
existence of hot springs, emahatioqs of carbonic acid, or 
even earthquakes of any remarkable kind in the conti- 
guous country. 

It affords 11 s, therefore, the means of comparing the 
products of submarine volcanos with those of subaereal 
ones, and at the same time of inferring, on evidence as 
conclusive, perhaps, as the subject itself fun ever admit 
of* being adduced, that volcanic action has in some in- 
stances expended itself, or at least has periods of rest 
beyond comparison longer in some cases than in others. 
Now either of these suppositions seems more consistent 
with the chemical theory, which imagines a definite 
quantity of combustible materials to be present in parti- 
cular situation*, than with the opposite one, which con- 
ceives the existence of an unexhausted fountain of 
melted matter underneath, such as should either gush out 
continually, or at least How at intervals more approach- 
ing to regularity. 

The trap rocks of the Hebrides manifest themselves 
under all the forms which have before been alluded to ; 
but it would seem from the observations of Maeculloch 
and others, that the apparent alternations winch have 
been remarked between them and the rocks of the coun- 
try, are merely caused by dykes intruded laterally between 
the fissures of the strata. Hence we are only sure, that 
a considerable part at least of these trap nicks is poste- 
rior to the most recent of the strata found associated 
with them, and the latter appear from the researches of 
Mr. Murchison to belong to the oolitic series. 

But there is no evidence, that they may not be much 
later; for the busalts of the Giant’s Causeway, on the 
opposite coast of Ireland, intersect the uialk, and are, 
therefore, posterior to that formation. 

It is true, that Dr, Maeculloch lias shown, from the 
occurrence of tiap nodules in »; conglomerate rock of 
Kcrrera, that trup rocks mutf have been formed at a 
much, earlier period ; (Western Islands, vol. i. p. 114;) 
but, us we cannot on any supposition refer the whole to. 
this epoch, we are qmte at liberty to adopt liny inferences, 
to which the facts n\ay appear to lead, with respect 
to the age of the principal portion of that found in the 
Hebrides. v 

Perhaps, therefore, the Wernerians were not altogether 
wrong, in referring the great overlying masses of trap, 
that they observed in Saxony and elsewhere, to one epoch, 
and that the most recent, which, in the then existing 
state of their ignorance with rekpect to tertiary rocks, 
they WCre able to recognise, designalingthem by the name 
of the newest flcclz trap formation ; tor although we may be 
compelled to acknowledge, that these rocks tire of several 
distinct periods, and that in a great majority of cases their 
date is uncertain, still it seems by no means improbable, 
that the most extensive eruptions of submarine volcano^ 
took place about the period just alluded ‘to. 

This is rendered jpore agreeable to analogy, when we 
remark, that by fur the most extensive manifestations # 
of volcanic ugency appear to have occurred, either at a 
period contemporaneous with that to which we have sop* 
posed the trap rocks to belong, or at one immediately 

1 
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subsequent to it, that is, during the deposition oT the 
different tertiary formations. 

It is remarkable, at least, that all the extinct, as Well 
as all the active volcanos, which have been as yet ex- 
plored, may be traced up to this period, regarding that 
is, as we have a right to do, all the volcanic rocks of 
a district as emanating from the same focus of action. 

Thus the lavas of the \ja\ di Noto alternate with rocks 
which appear to be»tertiary ; as also do those of Auver- 
gne, of Hungary, of Styria, and of the North of Italy ; 
so that, whether we regard the trap rocks of the Hebrides 
as contemporaneous with the latter, and attribute their 
greater compactness to the depth of water under which 
they were ejected, and from which they may haye since 
been uprnist \ or whether we prefer to consider them us 
produced somewhat earlier, still we shall find equal 
reason for concluding, that during the period comprised 
between the date of the deposition of the chalk, and that 
of the creation of the existing races of animals, circum- 
stances were peculiarly favourable to the developemcnt 
of volcanic operations. 

It is remarkable, too, that trachyte, proporjy so 
called, seems ulmost confined to this intermediate period ; 
for although Humboldt speaks » doubtfully as to the 
position of this rock in the New World, yet in the Old, 
it is found in a number of instances posterior to some of 
the tertiary rocks, and we know of no instance in which 
it is decidedly proved to be of greater antiquity, whilst its 
rarity amongst lavas of modern ejection would seem to 
show, that it was not, under ordinary circumstances, a 
product of existing volcanos. 'Whether this circumstance 
is to be regarded ns the cause or the effect of that eleva- 
tion of a large portion of our continents from the sen, 
which took place at this epoch, it may be difficult to say ; 
but it is certain, that both events may be traced to nearly 
the same period ; and hence we observe amongst the vol- 
canic rocks of this age, that singular intermixture of 
compact with cellular, of glassy with hthoid lavas, which, 
at the same tujic that it affords the most decisive evi- 
dence of the ignemis origin of trap, indicates the different 
circumstances under which these rocks were formed ; 
sometimes under the pressure of water, and at other 
times elevated above it. 


Section 2. 

* 

On Granitic Rocks. 

♦ 

various The circumstances under which the germs of igneous 
condition* energy may fie excited to activity, are so various, that 
oftlwp^o- even amongst volcanic products poured into the atmo- 
ductiop uft sphere, yhcre is great local diversity. If we remember 
rock« US for the* most part, the phenomena of submarine 

volcanic action jire wholly concealed from our view, we 
shall be prepared to expect (hat among the masses for- 
merly produced by it beneath the bed of the sea, and 
uplifted by subsequent convulsions to the day, many 
varieties of rocks should be met with, differing very 
greatly from the products of actual volcanos. As the 
, far greater portion of volcanic effects takes place in the 

' deep parts of the earth, where the rocks remain to be 
again and agafh exposed to new influences, it is reason- 
able to suppose that the products collected from volcanic 
vents form but a small part of the series. 

The subterranean lavas, now in, course of production 
and consolidation, could’ they be uplifted to the day, 
Would to found very different from the superficial lavas, 


ohd fur more extensive and abundant. Though, as the Geology, 
preceding section has shown, there be many ciose analo- ^ 
gies between ancient and modern Igneous rocks, we 
ought to expect that the most abundant of these old 
rocks, while they afford sufficient evidence of their being 
generated by heat, should appear different from ordinary 
lava. Granitic rocks are exactly in this case; they are 
far more abundant than the trap rocks, which most 
closely imitate volcanic products, and have a different 
general character. Yet as between superficial ancj sub- 
terranean lava every variety of products may be expected 
to occur, corresponding to the various conditions, we 
find between granitic and basaltic rocks so many inter- 
mediate varieties, that it is impossible to separate by 
hard and decisive characters these extremes of the aeries 
of old igneous rocks. Basalt is really a volcanic pro- • 
duct, in the restricted sense of the word, though not # 

exclusively so ; and thus we have from vesicular pumice* 
and glassy obsidian an uninterrupted series of gradu- 
ally changing aggregations to granite. 

Granite deviates on the one hand by continual de- Rocks allied 
crease of the magnitude of its particles into very close- to g raQ he. 
grained felspathic rocks, which arc greatly analogous to i 

certuiu kinds of porphyry ; on the other, by the substitution 
of hornblende for mica into syenite. As examples of the % 
latter change, we may instance the syenitie granites of 
Crftachun and Stmntian : the former is illustrated in the 
granite veins of Arran, and in the fine grained granite of 
VVustdale and Dulton Pike. (Westmoreland.) I 11 some 
cases it might, perhaps, lx* safely admitted, that the same 
originally fluid mass has been consolidated partly into 
granite and partly into porphyry, according to the cir- 
cumstances in which the lapidiiicatimi happened. In * • 

the Valteline granite deviates into hypersthene rock. 

It would be a mere waste of time to repeat, for the General 
particular case of granite, those arguments, derived from argument, 
the crystalline aggregation of many minerals never 
known to be produced from water, but several of which 
have been fabricated in the furnace, and nearly all are 
volcanic products, w hich establish the probability of the 
igneous origin of the whole class of plutonic rocks. 

We have shown above that the composition of granite 
passes by very easy steps to that of rocks whose igneous 
origin is perfectly unquestionable; if to this we add the 
fact, of granite entering cracks and fissures in con- 
tiguous rocks, as clay slate in Cornwall, hornblende 
slate in Glen Tilt, gneiss in Cumberland and at Stron- 
tium we shall have said enough iif the present advanced 
state of Geology to secure the admission that granite 
was generated by heat. * 

The alternations which in several Countries oblaiu 
between granite and some of the older stratified rocks, 
as mica,, schist, gneiss, &c., seem not at all irreconeil- * t 
able with this view ; but they will hereafter, when rightly 
understood, be found of great value in determining sVme 
peculiar conditions of the granitic eruptions. 

If we seek to understand the circumstances which Peculiar 
have impressed upon granite characters so generally character ut 
distinct from those of* the otheT plutonic rocks, we shall ^ T,im e ' 
find the following facts important. 1. Granitic rocks 
usually occur in very large masses below the whole, ora * 
very large part of the whole series of strata, and were * 

evidently formed under the pressure of a great body of 
water, if not under a pile of superincumbent strata. 

2. They are so extensively spread beneath the neptuiiian 
rocks as to deserve, perhaps more than any other, th* * 

title of an universal formation. 3. Granite veins, m • 
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Geology, proportion to then minuteness and distance from the 
Gh. 111. parent mass, grow continually finer in the grain and 
more porphyroidal in every respect. This effect is most 
completely seen along the sides of the veins. 4. In 
Countries where the great masses of igneous rocks are 
granitic, as for example Cumberland, tfoe dykes and 
smaller masses are mostly of porphyry, or of a felspathic 
quartzose rock* of rather dubious character, which may 
be called syenite, porphyry, or unmicaceous granite, 
according to the locality. Such rocks occur about 
Wastdale head, in St. John’s Vale, under Helvellyn, and 
in High Pike. 

t Oil comparing these general facts with Mr. G. Watt's 
experiments on the aggregation of fused basalt, there, 
appears sufficient ground for believing that the very high 
crystalline character of granite is owing to its being pro- 
duced at great depths where it was very slowly cooled 
to the point of crystallization. We may further venture 
the hypothesis, that porphyry is merely another state of 
consolidation of a similar felspathic compound, as trachyte 
has been supposed to be derived from older porphyries, 
or even from granite. 

Compart' It appears, therefore, that among the older pyrogc- 
hou of nous rocks we may distinguish the same two leading 
moiWn ^ S rou P s as among the modern volcanic products, charac- 
pyrogenous terised by the prevalence of some kind of felspar in the 
rocks. first, and of uugite, hornblende, hypersthene, diallage, 
or some other analogous generally ferruginous mineral 
in the second ; that in each of these occurs a great 
variety in the size, distinctness, and aggregation of the 
crystals, corresponding to the circumstances of the 
consolidation and differences of composition of the mass. 

• • The following short synopsis will express some of these 

relations among the older rocks. 

Plutonic rocks are — l. Felspathic, as granite, porphyritic granite* 
porphyry, nmygdaloidal i*orphyry, clay- 
stone, pitch*t6iic. 

2. Hor.iMcn.lo, j «* »}«ni»c, hy- 

l.yperathmo, ftc. "><*' «»»>bro, 

J 1 1 t .serpentine. 


3. llornblwifUc 
hyjHjrsthoiuc 


{ As greenstone, basalt, trap 
porphyry, mel.iphyre, 
amygdaloidal traps, 
wacko. 


Oil reviewing this series, and considering the manner 
of occurrence of the several members of it, we shall find 
that the prismatic structure is perhaps more generally 
developed in the augitic and hornbleudic pyrogenous 
rocks, than in the felspathic branch, and that in both 
groups the highly crystallized varieties, us granite, syenite, 
und greenstone, exhibit less of this character than is 
common to granular clayslone and glassy pitchstone, 
• or fine grained basalt and trap porphyry. «, 
tiKuiite Another thing worthy of notice, is the circumstance 
wwa, that # veins proceeding from the mass of a pyrogenous 
Toek into the. small cracks and short fissures of a stratified 
. rock are almost peculiar to granite. This phenomenon 
is hardly ever noticed along the sides of a dykt or inter- 
posed bed of basalt or porphyry, and is at least very un- 
common in connection with even large masses of 
• greenstone* On the contrary, granite is very seldom 
K found in dykes like the augitic and hornblendic rocks, 

though there is reason to believe that it assumes 
the form of overlying masses, and alternates in seeming 
beds with gneiss or mica slate. (S. E. of Ireland, 
; p. MS.) % 

• The variety of interesting considerations connected 



with granite will justify us in taking a more extended 
review of its miueral and chemical composition than 
were neceesury while treating of other pyrogenous rocks. 
Granitic rocks have long been regarded as the source 
of most of the ingredients of sedimentary strata; a 
newer theory supposes that granitic rocks are con- 
tinually forming beneath our feet, in quantities propor- 
tioned to the time, by the option of subterranean heat 
upon the hydrogenous strata. Or both of these points 
some further information concerning the composition of 
granite will be useful. 

Granite is essentially a felspathic rock. Whatever Felspar 
variations happen r in respect of the quantity of other 
ingredients, felspar, in a crystallized state, is universally 
the basis of granite. In graphic granite the planes of 
crystallization of the felspar are continuous for great 
spaces ; in porphyritic granite it generally happens that 
the axes of the prismutic crystals of felspar He nearly 
in the same direction ; but in common granites it is 
probable that the crystals of felspar lie in all directions, 
like the calcareous crystals of primary limestone. The 
felspar is red, white, green, &c. 

Quartz, in a grey, transparent state, more or less Quartz, 
evidently crystallized, is almost never absent from 
granite, but its quantity is very unequal. In graphic 
granite, quartz, in a sort of interrupted crystallization, is 
engaged among the laminae of felspar, so as to assume 
angular and intersecting figures not unlike the characters 
of some Oriental language. In the porphyritic granite 
of Westmoreland the. natural faces of the large crystals 
of felspar are impressed with very small bipyramidal 
crystals of quartz ; and in other granites the quartz 
may generally, with care, be found crystallized in this 
fui m, so as to present on a polished face a regular or 
elongated hexagonal section. There seems also in some 
granites a portion of uncrystallized quartz, which is 
entangled among the other ingredients in irregular 
shapes. Binary granite, of quartz and felspar only, 
is seldom met with in Great Britain, it forms part of 
Muncaster fell in Cumberland. 


Mica, the third ordinary ingredient in granite, is Mica, 
occasionally very abundant in it • but sometimes absent. 

It is universally crystallized, generally in regular liexa- 
hedrul plain lamina?, which enter or cut into the crystals 
of felspar and quartz, without being themselves inter- 
fered with, The direction of the crystals of mica is “ 
indeterminate; they do not occur in continuous lamina’, 
so as to cause the rock to cleave ; for though porphyritic 
granite is in a certain sense cleavable, this prises from 
the parallelism of the crystalline axes of the felspar. 

Yet in some Cornish granites we occasionally see the • 
mica aggregated together in a sort of shell, which gives * 
a notion of some kind of lamination, arising pertfups 
from a limited intestine movement of the mass. 

It is v generally presumed that the three most common Q r( | er of 
ingredients of granite were crystallized together; by which rryvtalUx* 
is meant, that the consolidation of,all the crystals was Hun. 
contemporaneous, neither preceding nor following an- 
other. This seems not always exactly true. In many 
cases we cannot doubt that mica was crystallized before, * 

the other ingredients. If we follow th^ indications of 
the penetration of crystalline forms, we shall find in 
several instances that the figure of the quartz was com- 
plete before the felspar was wholly consolidated ; and • 
perhaps, adding jto * this the. consideration that the 
felspar in the s&id parts of granite has, in genera), only 
one, and that the primary form of its crystals, while 
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GtotaCT* quartz and mica invariably appear in secondary forms, 
i j^ rfr ' venture t0 CMlclude that the felspar was thi last 

i_jrt^T r| ' erygtrtjiflBd, and, by consequence, has imparted to the 
mass its most important features. In many large 
- grained granites are cavities, in which free crystallizations 

of the ingredients occur. In these cases the minerals 
show themselves in much greater variety of forms, 
especially the quartz and the felspar. The former as- 
sumes variously terminated prismatic forms ; the latter 
is in rhomboids variously modified. (Baveno ; Arran.) 
Contempo The aspect of granite is very often diversified by the 
raneous occurrence of what are called contemporaneous veins ; 
USI ^ a term which is meant to convey the assertion that the 
difference of character which it majks was coeval with 
the formation of the rock. In the large grained ^granite 
of Arran aud Cornwall, the contemporaneous veins 
usually appear as long, narrow, ramifying portions of 
finer grain and a different proportion of ingredients ; 
sometimes with more mica, sometimes with less. The 
boundaries of these 44 veins** are indistinct, and the two 
structures gradually pas9 into one another. 

It will be readily conceived, that a stone composed of 
crystals so much independent of each other may, ^spe- 
cially when the felspar is not very predominant, be very 
far from solid ; it may be very Inti Af minute fissures. 
These are often clearly enough perceived, sometimes 
partially filled with small grains of quartz, steatite, fel- 
spar, mica, &c. When the stone is by any means sub- 
jected to decomposition, the several crystallized ingre- 
dients easily separate along these opening cracks, 
lmlteridtri It is almost unnecessary to enumerate the various 
rmui rals. other minerals which arc disseminated in granite, except 
for the purpose of showing how many minerals may be 
deve^ped from the same fundamental fluid mass. As 
all of them ore definite compounds of certain ingre- 
dients, and only one simple earthy substance (quartz) 
remains as a residuum, it is no wonder they are mostly 
. silicates of earthy substances, and that their relative 

quantity is very unequal, depending upon the possible 
atomic combinations which should exactly exhaust all the 
ingredients except the superfluous quartz. 

Silicates, Tourmaline, topaz, zircon, cordierite, epidote, 
garnet, lepidolite, petalite, triphane, steatite, talc, 
schorl, hypersthene, hornblende, augite. 
Aluminates. Cymophaife, beryl, pinite. 

Sulphuret of bismuth, sulphuret of molybdenum, tung- 
* state of yron, rutile, oxide of tin, graphite, oxide of 
iron, &c. 

Restricting ourselves to the rrfbre common varieties of 
granite, wy may observe, that the difference in the crys- 
tallization of the ingredients could not he determined 
• d priori , f rom,, considerations of the relative fusibility of 
• the minerals ^ because, in fact, these minerals were all 
developed from one uniform melted mass, in which the 
only distinct p^rts wgre the elementary subtypnees of 
silica, alumina, lime, potash, oxide of iron, it 

would depend chiefly upon the relative cohesive forces 
and chemicM attractions of certain proportions of these 
ingredients what crystals should be first generated. In 
trinary granite, for example, it may not he that mica and 
• quartz were crystallized before felspar because this latter 

)n the more fusible substance, but because out of the 
mingled mass of elementary substances the particular 
combination which constitutes mice# was endowed with 
• .the highest attractive energy. Mica might be formed 
out of a melted mass at.a temperature very far below 
that required for its own fusion; this being separated, 

I 


there would remain a silicated felspar, from which the 
excess of silica being separated, it might depend upon . „ 

the state of the mans as to heat, whether both quartz 
and felspar should crystallize together with mutual pe- 
netration, or the former impress the latter. 

If we assume granitg to consist of 20 parts of felspar, Kleraentary 
5 parts of quartz, 2* of mica, the fused glass from which, 
on cooling, these minerals were crystallized, must have ^ ram *' 
contained about 
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formed felspar and mid leav- 
ing a residuum of silica. 


Had the proportions of alumina and the metallic oxides 
been greater, it is probable that more mica would have , 
been formed ; had they been less, less mica and more 
felspar might have resulted ; and the proportions of the 
ingredients might have been such that the mica and* 
felspar might be provided with their constituent potash 
and other parts, hornblende or augite, or hypersthene, 
with their lime, magnesia, &c., and a residue of quartz 
remain. 

According to the rate of cooling we might have a 
large grained or fine grained granite, or a nearly com- 
pact rock : if the quantity of felspar was very great, and 
the* cooling rightly proportioned, the mica and quartz 
might be crystallized in a compact, earthy, or glassy un- 
crystallized basis. Thus felspar porphyry would be pro- 
duced from the same ingredients as ordinary granite ; and 
the whole investigation appears to teach us that the 
mineral characters of pyrogenous rocks depend as much 
upon the circumstances of their solidification as upon * 
original differences of chemical composition. With this 
all observations on these rocks fully agree ; and it is, 
therefore, in a right spirit of philosophical generalization 
that Geologists have now accustomed themselves to 
view the whole series of plutonic and volcanic products as 
the varied results of one original mode of calorific action 
operating under a variety of conditions as to cooling, 
pressure, limitation of space, and other influential circum- 
stances. 


Section 3. 

Relative Age and characteristic Phenomena of 
Pyrogenous Rocks, 

Were our inquiries concerning} the relative age ofAge.'fnlu 
plutonic rocks to be answered only by appeal to ob- tome root*, 
starvation of the phenomena which they present in con- 
tact with one another, the research must be abandoned. 

For they neither show themselves so often in connection, 
nor display, when in connection, such marks of relative 
antiquity as to permit us to recognise more than one 
general truth, viz. that granite is very often the ofdest 
and* basalt very often the youngest of these rocks. But 
by studying separately the age of each of these rocks in 
relation to the strata which adjoin it., we obtain a more 
extensive and more exact series of determinations con- 
cerning the periods when they have been erupted through 
the consolidated crust of the earth. The importance o! 
these determinations in inductive Geology is so greut as * 

to demand a preliminary statement of the mode of rea- 
soning employe4 in obtaining them. ' / 

I. When in any Country a certain clasd of £ooks, as for % 

instance the slate rocks, have been convulsed anjl thrown 

. 1 * i 
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Geology, into new positions before the deposition of another set 
Ch. iu. U pon them, as for instance the carboniferous rocks, and 
we find occupying the axis or nucleus of the dislocation 
a mass of granite, it is certain that such granite is older 
Age of plu- than the carboniferous system because it was uplifted 
tonic rocks. ti K . older slates. If, in addition, this granite sends 
veins through the slate rocks sci asr to prove that it was 
.iplified in a melted state, we must infer that it is of 
more recent origin than those slates ; and, in fact, that 
its antiquity is exactly measured by the date of the con- 
vulsion. 

If*there be no veins thrown off from the mass of gra- 
nite, and no other satisfactory proof of its having been 
pplifted in\melted state, the age of the igneous rock is 
indefinable, except by saying that it is older than a 
given stratified rock. Such a case occurs in the Orel of 
Caithness. It appears, then, that in any case of convul- 
sion the era of the elevation of the igneous rock is de- 
* termined by the convulsion, but whether it was actually 

' generated at that time from a melted state, requires 
other evidence. Now this consolidation from a melted 
state is what fixes the age of an igneous rock. Granite 
may, perhaps, have remained melted in the deep parts of 
the earth through many geological periods, but its nge 
as a rock is counted from the period when its fusion 
closed. 

4 . 2. In Derbyshire the carboniferous limestone is inter- 

laminated for great lengths by an igneous rock, (toad- 
slone,) which has evidently been poured nut at certain 
intervals by an ancient submarine volcano while the 
limestone was in formation. The age of such a rock is 
fixed by the age of the limestone. 

8. The basalt of dykes which pass through certain 
4 * strata, is, of course, not more ancient than the newest 

strata divided; if at any point the dyke should be co- 
vered by newer strata which are undisturbed by the dis- 
location accompanying it, we may generally admit that 
the basalt is older than these strata. Such a case, per- 
haps, occurs in the dykes of the Durham coal field, 
which do not penetrate the magnesian limestone. 

These instances are sufficient to show the truth of 
two propositions of general application to this subject. 

When igneous rocks accompany convulsions, we 
can always fix the minimum of their geological anti- 
quity; when they throw off veins or intrude in the shape 
of dykes, or interpolated beds, among stratified rocks, we 
are able to assign the maximum of their antiquity. 

Guided by these views, and restricting our illustra- 
tions as much as possible to the British Isles, we may 
proceed to describe some of the characteristic pheno- 
mena occasioned fey the appearance of plutnnic rocks, 
and to fix the eras of their production. 

Eirst, we shall describe the general features of a dis- 
. trict remarkable for the number of these rocks brought 
into a small compass and presenting diversified effects, 
arid* then select instances proper to make known the 
■characters of each. « 

. We shall take an example of the phenomena of pyro- 

genous rocks in general from that gem of Huttonian 
Geology the justly celebrated Island of Arran, an exa- 
mination of which may be safely pronounced almost 
• indispensable to a complete geological education. 




General 

featurer. 

I 


Arran . 

The Island |f Arran has been very often described, 
and by etfiintjrit Geologists. Jameson, Macculloeh, 

\ : 

* * 


Necker, Murchison and Sedgewick, Oeynhausen and Geelogv. 
Von Dechen, have all Written ably on the inexhausti- Ch. lit 
ble subject of this little world of geological pheno- 
mens ; and were it not for a reluctance to add to this 
weighty literature, other voyagers would be unable to 
restrain themselves from describing some neglected but 
curi6us phenomena. The leading features of Arran are 
its mountainous and truly Alpine scenery in the North- 
ern extremity, and the elevated plateaux of its Southern 
portion. These latter are generally composed of trap 
rocks, partly syenite, partly porphyry, partly green- 
stone, with many dykes of greenstone and pitchstcme 
passing through the red sandstone strata which appear 
around the coasts. The highest Northern eminences 
are granitic mountains forming the nucleus of a great 
conical elevation of slate rocks, which, overlaid by the red 
sandstone formation, (see p. 609.) form a narrow but un- 
equal zone round the granite. The small size of the Island 
combined with the elevation of the mountains (nearly 3000 
feet) gives to the short glens a very sudden depth, and 
permits the cliffs to show the great curvatures of strata. 

Dykes and overlying masses of greenstone, felspathic and 
trap porphyry, various sorts of claystone and pitch-stone, 
ure seen abundantly both on the Eastern, Western, and 
Southern coasts; ant* so perfectly are all the phenomena 
exhibited, that it is difficult to imagine any space of the 
same limited extent, more worthy of being studied for the 
purpose of understanding the mutual relations of pyro- 
genous rocks. 

That the granite of this Island was upheaved in a 
melted slate seems sufficiently demonstrated by the fact 
of its throwing veins through the surrounding slate 
rocks: this phenomenon may be very well studied at 
Tornidneon. That its elevation was subsequent to the 
deposition of the whole red sandstone a) stem seems also 
proved by the curvatures which these strata have under- 
gone This would give for the elevation of the granite 
of Arran u period considerably later than that usually 
assigned to the principal part of the Highland moun- 
tains, and, perhaps, agreeing with the rising of the 
syenites of Malvern and Charmvood forest. 

The granite is, as far as can be known, the oldest 
pyrogettous rock to be seen in the Island, for it is tra- 
versed by d vices of basalt and pitchstone, like those 
which cross the red sandstones. It is observable, 
however, that these dykes are most numerous at 
some distance from the granitic centre. At Corygills, • 
at Lamlush, and Torrnore, they are exceedingly abun 
dant in the red sandstone, while in jhe North-Eastern 
face of the Island, where that rock is nearer to the 
granite, fewer dykes appear, and about Doch *ftanza the 
slate is still less divided by them. Perhaps we may # 
venture to add another generalization ; viz. that these 
dykes are most abundant beyond the line iff violent flex- 
ure of the strata from their horifcouta^ position. After 
mens ueifg with care the directions and breadths, and 
noting fhe characters of forty-four dykes, chiefly of green- 
stone, between Brodick and Lamlash, and also those at 
Torrnore, it did not appear to the Writer of this nollce 
that any other dependence of the direction of those dykes 
upon t he local ccntreof the granitic eruption could be traced. * 

While in the Eastern side of the Island, about Cory- 
gills, the dykes in the red sandstone arl chiefly greeo- 
stoue«and basalt, wi#h a sparing admixture of felspathic 
and porphyritic claystone and pitchstone, those of Tor- , 
more, in light coloured sandstone, are chiefly pitchstone, 
claystone, and tfap porphyry.. On both sides occur 
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fieotary. interposed beds of pitchstone, divided into columns ; pn 
Ch iTi. the East are overlying greenstones in rude colonnades ; 
on the West trap porphyry columns; on the East the 
claystone dykes are highly prismatic ; op the West oc- 
cur many interposed beds,, and an arched vein of clay- 
stone/ The pitchstone of the Eastern side is blacle or 
green, that of the Western coast often variously coloured 
and graduating to something like hornstone, or to clay- 
stone. It is, in one point, at Tormore, of that concre- 
tionary structure which reminds us of some kinds of 
obsidian and sphterulitic traps. 

Alterations X he effects of • the pyrogenous rocks upon those in 

a f stratified contoct w , t j l them ore ) es8 striking in Arran than in 
r !i many other situations. No new mi rivals are produced 

in the slate where the granite touches it, nor in thfe red 
sandstones whefe they are bordered by the greenstone 
dykes. This hardening is very various in degree, and 
the causes of these differences arc not very evident even 
upon the examination of many cases. The hardening 
effect is sometimes communicated to the distance of two 
or three feet into the neighbouring rock, but generally 
not to more than a few inches. The hardened parts 
sometimes stand up in narrow crests. Where dykes ert^s, 
it has been found that one of the ph'peg of intersection 
of the greenstone dykes has been marked by the occur- 
rence oi a very narrow band of black pitchstone. The 
Imse of the pitchstone pillars of the interposed bed in 
Corygills is softened, where it touches the sandstone 
below, to a kind of kaolin. 

It is impossible to say what was the geological epoch 
of the pyrogenous eruptions of Arrau, further than that 
they were posterior to the h hole red sandstone system 
there. If this be Cornell) taken by Murchison and 
Sedgwick to represent both the old and new red /mud- 
stone systems, they arc later than most of those known 
in England, and, for aught we can tell, they may be «s 
modern as the basaltic eruptions of the Nort h of Ireland, 
o.vj-rjphi* It is remarkable that, amidst all the profusion of greeu- 
1 "i elation stones, pitchstone, claystone, and porphyritie dykes, 
’ 1 rot V'“ which appear a little remote from the granite, no granite 
dyke is seen; while in the granite, whose elevation 
seems to be the local centre of all those exhibitions, no 
hornblende or augite occurs. That granite and the trap 
dykes are of different antiquity has been shown before; 
but it seems also to be implied either, first, that at suc- 
cessive epochs different rocks lay melted under the same 
localities; second* that the local production of pyroge- 
nous rocks is somehow governed by relations of level or 
distance, or subject* to an obscure reciprocity of position. 
It seems worth yvhile to follow out this idea. Along the 
Penine chain, the axis ofdislocation shows, at points, 
• granitic and grwnslone rocks, but very few mineral veins 
are wrought. ,Ti»c slopes a little removed from this 
mountain edge contain many valuable lead mines. The 
mining district of fihrop^iire, described by Mr. Murchi- 
son, appears related to the greenstone ridge of Ctirftdon 
nearly inthe^same way; for though along this axis no 
mines occur, they abound in a Hue at a small distance 
parallel to it. Perhaps to these analogies we may add 
the instance of the diversified porphyritie masses which 
* rgn irregularly parallel to, but removed from the gra- 
nitic axis of Cumbria. Finally, to rise to a greater ge- 
neralisation, Von finch's views of the relations o£ the 
granitic axis of. the Alps and the augitic porphyries (me- 
• laphyre) along their Southern flanks appear to be de- 
cidedly analogous, and there seems at least thus much 
to be inferred from the poixttA of agreement among these 
VOL. vi. | 


several examples of the relative position of ignigenous Geology, 
roftks, that the elevation of an axis or nucleus of granitic ^1. 
rocks was attended by very numerous fissures at a small 4 

distance removed, which, after some geological interval, 
were filled by rocks of a quite different nature from those 
which were erupted at th» time of the first disturbance. 

Granite. 

It might be doubtful whether any granile visible an Antiquity uf 
the British Islands could claim greater antiquity than flP* 1111 ®* 
the upper or graywacke slate rocks, except for the cases 
of alternating granite and mica slate, quoted •from Mr, 

Weaver, p. 563. The granite of the Cornish chain iu* 

some {daces throws veins into the adjacent clay slates, 

and generally appears to change very greatly the nature * 

of those rocks, so that we arc compelled to rank it as a 

more modern product. The granites of Cumberland • 

and Westmoreland, and those of the Grampmus, * 

if their uge be judged of from that of the convulsions 

accompanying them, and irons the veins which they 

throw off, must be pronounced to be of nearly the 

same antiquity. In the Island of Arran, the granite 

seems to be not so old as the red sandstone which 

overlies the carbonilcrous limestone; in the Alps it must 

perhaps be supposed to have been in fusion ever since * 

the tertiary epoch. 

A few years ago granite veins Vere considered as rare Granite 
eruptions, but at present it is difficult to find a satisfac* vein*, 
tory example of any extensive tract of granite, without 
the occurrence of* such ramifications through the neigh- 
bouring rocks. They occur in Cornwall, Cumberland, 
and Arran, in Ben Oruachan, at Strontian, in Glen • # 

Tilt, and generally throughout the Highlands. The 
same l. true for the Continent, of Europe ; and perhaps 
we may no where find a better example of the elevation 
of granite in a Aolidfarm* than that described by Mur- 
chison at the Ord of Caithness. This granite, on its 
Northern flunk, suppoits the old red conglomerate, 
whilst to the South it occupies a cliff on and near the 
shore, the verge of which affords a reimtrkable breccia, 
compounded from all the beds of the oolitic series that 
occur on this coast. This breccia of sandstone, shale, 
and limestone, is tilted off from the granite wherever 
that rock protrudes upon the shore, whilst the strata are 
regularly developed where the granite recedes into the 
interior. No veins or pmtions of the granite are to be 
met with in or above the oolitic bieccia, which, by its 
disturlted position, appears to fix the maximum of anti- 
quity of the elevation of the granite n(fi beyond* the age 
of the coralline oolite. 

The granite veins of Tornidneon in Arran pass from Tormdn eon 
a body of very coarse grained granite through nearly » 

vertical latifiuce of dark quartzo*e clay slate; the line of 
junction dividing the whole side of a hill, One of She 
veins, encloses fragments of slate, divides itself into. * 
branches, which cross the lamina; of slate, cutting offboth 
the qmirtzose and argillaceous lamina;. The granite 
becomes much finer grarfued along the veins, and nearly 
in proportion to their smallness ; so that in the narrowest 
veins it is nearly compact. Strings of fine grained • 
granite divide the coarser sort. (See pi. vii. fig. 1.) 

( 1826 .) 

In Glen Tilt, Dr. Macculloch has descried numerous Glen Tilt 
and valuable foettf of this nature. At the 1 ridge beyond 
Forest Lodge, granite, hornblende slate, 1 and. primary 1 

limestone are very curiously associated, /eiiis’of red \ 

5 “ I Y I 
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Geology, granite here divide the other rocks, and inclose frug- 
Ch, III. menls of them. The singular interlacements of the 
rocks here will he ln‘st understood by the sketch, pL vii. 
fig. 2, taken on the spot in 18’26. 

] . Primary limestone laminated by hornblende apd red 
felspar in curved lines or detached masses, round which 
the lamina* of limestone bend, crossed by granite and 
red felspar veins. 

2. White quart* rock and red felspar crystallized. 

3. Felspathic rock, red, with layers of black horn- 
blende. 

4. Limestone laminated with felspar. 

5. The same with less felspar. 

* 6. Hornblende and felspur in layers. 

7. Laminated limestone. 

(«.) lied felspar vein- -a little quartz. 

8,9. Hornblende, with layers, masses, and veins of white 
quartz, and red felspar, which substances often occur 
• together, making binary granite of very large grain. 

10. Limestone, with red granite veins. 

11. Limestone, red granite veins, and white calca- 
reous spar veins , which divide the granite veins. 

12. Red granite, composed of red compact or crys- 

1 tallizcd felspar, white quartz, and black or grey niu*a, 

and incloses hornblende masses which are divided by 
. veins of granite ramifying from the general masses of 

that rock. 

Cornwall. The extremity of Cornwall has long been famous for 
the great variety of curious phenomena connected with 
the granite veins which there divide the argi.laceuus ‘'late, 
hornblende slate, and greenstone rocks, all included by 
the miners under the title of killas. So many writers 
, of eminence, both English and foreign, have described 
and reasoned upon these occurrences, that it is difficult 
to select from the immense variety. The following is 
Mr. Majendic’s account of the veins at Mousehole, three 
miles South-West of Penzance. ( Cornwall Cieol. Soc. 
Trans, vol. i.) “At this period the clay slate cease*, 
and the granite commences, forming a promontory which 
runs out in a Southern direction from the central ridge. 
The slate is of a grey colour; it is in strata nearly hori- 
zontal, but having a slight dip to the East; it increases 
in hardness near the junction. The granite, which is 
generally coarse and porphyritic from the large imbed- 
ded crystals of felspar, becomes here ot a finer grain, 
with black mica and light flesh-red felspur. On the 
North it laps over the schist us. At this spot numerous 
granite veins, varying in width from about a foot to less 
than an inch, pass through the slate ; the two principal 
veins proceed nearly Ea>t from the hill above, for more 
than fifty yards, until they are lost in the sea. One of 
these, not far from its first appearance, is divided and 
heaved several feet by a cross veiu consisting of quartz 
* intermingled with slate ; fragments of slate kppear also 

in t the granite veins. The most remarkable veiu, after 
. proceeding vertically for some distance, suddenly forms 
’an angle, and continues in a direction nearly horizontal, 
having slate above and below.* 

. The killas at this place has much the aspect of green- 

stone, and it appears generally true that the clay slate 
, is much altered in character round all the granites of 
Cornwall and Devon. (See Mr. Dela Beetle's Geolagt- 
4 < at Map , Devon.) The veins of granite are generally 

most fine grayed towards the walls. Von Ocynhausen 
and Von I pehen mention three principal veins at 
* MousehoJ?, o ic to 10 feet wide ; quartz veins cross the 

i direct hAi ;>f t e granite veins, and sometimes divide them 

I k* 


antf apparently alter their character. Schorl occurs irre- Geology, 
gularly in the granite, and in Rome of the quntlr veins, Ch * llL 
In other localities, veins of this mineral present interest- ~* r 
ing phenomena. The intricate character of the venige- 
nous masses of Mousehole will be best understood by 
consulting the diagram, pi. vii. fig. 8, copied from the 
sketch of the distinguished Prussian Geologists above 
named. 

At Cape Cornwall, a granite vein heaves a quartz vein 
in a direction contrary to the general law, stated in page 
541. In the Lizard district gratnile veins divide ser- 
pentine. 

Felspar Porphyry* 

The abundance and variety of felspfir porphyry, in Ben Nevn. 
great masses on the summit of Ben Nevis, and in the 
aw ful valley of Glen Coe, is familiar to every traveller in 
the Highlands; the porphyry of Ben Nevis has been 
shown by Von Oeynhausen and Von Dechen to have 
been erupted through the granitic basis of that moun- 
tain; the diversified porphyries along the vertical pre- 
cipices ol Glen Coe send veins through the subjacent 
granites, in number proportioned to the proximity of 
the situation to iW great mass of porphyry This rock 
is not columnar; (Maceultoch ;) it varies through every 
Mage, from elaystone to felspar porphyry, the different 
varieties being sometimes gradually and sometimes 
suddenly connected. Breccia, composed of fragmented 
clay stones and porphyries, (like those on Ben Nevis, 
and some in Cumberland,) are often seen in Glen Coe. 

In the mountain of Cruuchan,' which overlooks Loch 
Awe, the hornbleiidic granite and schist rocks are tra- 
versed by a great variety of large felspar and trap por- 
phyry dykes, and some changes of appearance happen 
to tiie clay and mica slate, very difficult to be described. 
Macculloch ( G*-ol . Tram, iv.) describes the porphyry 
dykes as perpendicular, varying from 3 to 50 feet in 
breadth, traversing alike the schist and the granite veins 
which divide it, but not in any degree intermingling with 
either. Dykes of porphyry, of different kinds and co- 
lours, may run near or in contact with each other, but in 
all cases these and other dykes of basalt or trap por- 
phyry are very distinct at the edges, though firmly 
united to the rock which encloses them. Pi. vn. fig. 

4, shows veins of granite traversing the schist of Cnm- 
chan, themselves crossed by dykes of iwr kinds of por- 
phyry. (Geol. Trans, iv. pi. vi.) 

i n the Cumbrian mountains felspar porphyries occur Cumbrian 
in many situations, and with a great diversity of charac- ra<Hiiiiaii»* 
ter; some have a basis of ^translucent grey or green 
felspar, and included crystals of glawy felspar and* 
quartz ; others are composed of a red, opaque, granular 
felspar basis, and red felspar apd quartz, crystals'; the 
basis of others is compact felspar t&r hornstnne, and 
some have a dark but not basaltic base, with small white 
opaque felspar crystals. Most of them, like the amyg- 
daloids and greeuslones of the same regi ,>u, occur in 
overlying masses as well as dykes, but reel alternations 
of' them with the slates can hardly be substantiated. 

They seem to have a Geographical dependence on t!jc * 
foci of granitic eruption, of a peculiar t ki rid* They are 
not ubuudant in or very near to the granite of Wastdale, 

Skicfdaw, or Shap> hut they occur at small distances 
from each of those masses. The Valley of St. John’s 
shows pale red* felspar porphyry overlying slate, web 
crystallized red porphyry in Arm both Ml, and various 

i 



GEOLOGY. 


763 


Geolynjr. kinds of felspathic rocks under Hel vellyn. Dykes of*va- 
Ch ‘ ^ greenish porphyry divide the slates of High Pike, 

and a solitary red dyke ranges East and West of the 
granite of 8hap fells. No poiphyry occurs very far 
from the granites. 

* In North Wales felspathic porphyries appear so con- 
nected by alternate beading with the slates, as to have 
been subjected to the same elevations and undulations 
of dip ; and thus not gnly ptove their high antiquity, but 
also suggest views as to the frequent recurrence of igne- 
ous action at the same points of the ancient bed of the 
sea during the period of the primary slates. 

’or n wall. Consistently with our views of the origin of the crys- 

tallized rocks, we may perhaps be ^ight in believing 
that all the complicated, wholly or partially, cryst&llized 
rocks, composed of felspar, quartz, and mica, which are 
included between and which traverse the real slaty rocks 
of Cornwall, are either the result of submarine eruptions 
during the formation of the slate ; of the subsequent ac- 
tion of the heated granitic masses upon the kill as ; of 
posterior eruptions of melted rock into fissures caused 
by convulsion, or of some gradual conversion and trans- 
fer of mineral ingredients, such as we know to Have 
occurred 4 , 

It is hazardous to reason on phenomena so remark- 
able as those of Cornwall, without reference to other 
districts ; nothing but prejudice nr indolence will permit 
Geologists, acquainted with other districts, to neglect 
the singular and curious facts connected with the De- 
vonshire and Cornish chain. We may freely admit 
that they, in some cases, point to agencies not yet fami- 
liar to our philosophy; that a full examination of the 
whole series of granites, porphyries, seipomines, and 
killas. and of the disseminated and vcnigenoits minerals 
in them, will kindle a brilliant light in the most secret 
laboratory of Nature ; but one thing is wanting, an ex- 
act description of all tkv. characteristic facts observable 
in rack particular vase, without the adornment of theory, 
or the disarray of new nomenclature. (See Conjbeaie, 
Rockland, and Sodgwiek, GW. Trans. ; the Trans, of 
Cornish (7coL Sac.; and Dr. House's recent volume.) 


Syenite. 

Mikern, The syenite of Malvern is not older than the old red 
.sandstone, which it throws off' from its slo|>es and pene- 
trates by a lateral extension or d\ke, nor so young as the 
new red sandstone which lies level at its feet ; the same 
limits of age muAt be assigned to the similar rocks of 
Charnwood forest, which appear under'very analogous cir- 
cumstances. The partially syenitie rocks of Carroek 
* fell in Cumberiund, may, very probablv, lie older. We 
shall not* assign this name to the variable rock of Red 
Pike and Scale Force: according to Weiss, the syenite of 
Weinbola near Meissen is superimposed on the green 
sand system. The Malvern hills, long since dewriued 
with much-ability by Mr. Harner, and a dyke appa- 
rently deffendent on them lately investigated by Mr. 
Murchison, wili serve to illustrate the phenomena attend- 
ing syenitie extrusions. 

• The picturesque chain of the Malverns rises at its 
centre to 1444 feet above the sea, and looks down over a 
vast and beautiful region. On the Eastern side tlje de- 
scent is nbrnpt to plains of horizontal new red sand- 
stone, on the Western more gradual and diversified bv 
ranges of woody hills whose bearifig is parallel to that 
of the chain. Beyond are the slate mountains of Wales. 


Many small narrow valleys run to the East across the Oology, 
hue of the chain. Ch. It L 

The verdant surface of these bills, and the circum- v*"**"' 
stance that the pyrogen our rocks are very much decom- 
posed and fissured near the surface, prevents very fre- 
quent observation, /The great mass of the rocks is of a 
syenitie rather than'granitic character, varying* however, 
much as to the relative proportions of hnmblefide, mica, 
and quartz: the felspar is usually red, epidote, mag- 
netic iron, pyrites, and other minerals occur, and the 
aspect of the rock is sometimes that of greenstone. 

Veins of granite traverse the neighbouring rocks. Veins 
of sulphate of harytes, calcareous *par* aud cpidole, red 
hematite, &c., occur in the syenitie rocks. * * 

The stratified rocks which are dislocated along the Elevation 
line of the Malverns are best seen on the Western slopes, of strata, 
the oldest of them belongs to the foutlh group* of the 
greywacke series of the Welsh border. (See p. 567.) • 

The sandstones of this and the limestones and shales of • 
the superior groups are partly vertical, or partly over- 
throw/! to the West, so that for some distance to the 
West tlip series of strata appears inverted . and the real ly 
newer rocks come out from under the older. ( Grot . 

Trans, voi. i.) Much local confusion and disturbance 
of declinations accompany these general indications of 
violent upward heaving along the axis ot the chain. • 

Mr. .Horner’s very judicious reflections on the bearing 
of the phenomena of the Malvern upon the then pre- 
valent discussion of the Wernerian ami lluttoriian The- 
ories of Geology, will be penused with great satisfac- 
tion and pleasure as anticipating many oi the clearest 
arguments known in the present advanced state of the 
Science. As the unstratified rocks have been thrown up , 
along a line from North to South, the bearing of the # 

elevu.ed strata ought, in general, to he parallel to that 
line, and tins has been shown to be the case: the force 
would be greatest i\t the point where the unstratifled 
rocks burst forth, and aceoidiugly we find the strata 
there generally vertical, or even thrown back and in 
some degree inverted. 

The same phenomena of inverted strata are observed 
by Mr. Murchison parallel to the Ablh rley hills, which 
are on the prolongation of the Malverns ; and we are 
indebted to him for an interesting notice of a dyke of 
dark green syenitie took, at Brockhitl near the Teme, 
composed of hornblende, felspar, and quartz, eight 
paces wide, directed West 5 1 ’ North, and Fi»st 5° 

South. The syenitie rock is prismatic at the sides, the 
prism lying across the dyke, whose walls are formed of 
old red sandstone, here of a green tiijgc, and marls. In 
contact with the dyke and for 20 ieet distance the 
sandstone is hardened, is of a deep purple colour, And 
has lost its mica ; the marls arc altered by the diffusion 
of carbonate of bine through their mass. This dyke is 
considered as a lateral effect, from the great North 411 d 
Soujh axis of igneous rocks of the Malvern and Abbei lev 
hills. 


Hyper si hene Rock or Hypersthenic Syenite. 

Hypersthcne rock forms the pinnacled* mountains of 
ICuchulIm, part of Carroek fell in Cumln-iUnd, certain 
dykes in Radnorshire*, and is not unknown in Cornwall ; 


* In the Phil. %fag. for June I KU. Mr. Mfrchiwon has pub- 
fished a new armngyment of the si? groups, in wHjch the fcreond and 
third groups are united. 
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Geology. it also occurs in Yorkshire in veins passing through the 
Oh. 111. basalt 0 f the carbon iferoua limestone series. The e*W- 
bition of hypersthene rocks in the Valteline has been 
described by M, Necker. 

This rock may be very generally described as a syenite, 
of which the felspar is pale flesh-colour, white, or green* 
ish, and the hornblende is replaced by hypersthene, 
either in very distinct, large crystals, or small con- 
cretionary masses. In the. latter case it can hardly lie 
distinguished from common greenstone. In Cornwall, 
Radnor, and Cumberland this rock may be admitted to 
be of later date than the greater part of the slate system ; 
in Yorkshire it is contemporaneous with the great 
"basaltic formation of the carboniferous epoch; in the 
Isle of Skye it is probably more recent than the oolitic 
era; in the Alps it forms a part of the mineral ogiad 
axis, and tnay have been thrown up even since almost 
the whole tertiary strata of the basins of Europe. 

M.Necker, in his account of tlu* Valteline, establishes 
the fact, that the granitic eminences which rise along 
the axis of that singular valley of elvratmn , pass 
by degrees to common syenite, and afterwards to syenite 
with hypersthene, in large, small, or even minute crystals, 
of black or green colour, and metallic reflections. The 
felspar has a violet tinge. 'Hie greater and hypersthenic 
axis of the valley is coincident with the central line of the 
great chain of the Alps, from South-West to North- 
East, and the Gratified rocks are vertical 011 each side, 
for some distance; afterwards they take opposite dips 
to the North-West and South-East. The order of suc- 
cession may be stated to be gneiss, mica schist, changing 
to talcose and chloritic schist and clay slate. Veins of 
fine grained granite passthrough the hypersthenic rocks 
and through the mica schist, sometimes holding frag- 
ments of this lutter, and quartz veins with black tour- 
malines divide the granite. 

The Cuchullin mountains in Skye, rendered classical by 
Macculloch’s descriptions, surround the desolate lake of 
Comtek* a grand amphitheatre of steep and barren rocks, 
which decompose so little as to yield neither sand nor 
gravel to the tof rents. A great variety of appearances is 
presented by the mixture of tile felspar and hypersthene 
in these rocks, as to crystallization and colour. In some 
localities the mass is fine grained, and in others graduates 
to common syenite or greenstone. Von Oeynhousen 
and Vou Decheti elate that the hypersthene rocks pass 
into compact greenstone; and that the common syenite 
lies on the hypersthene rock, with uu abrupt and distinct 
junction. One of the most interesting facts connected 
with this group ofj rocks is the transmutation of the lias 
into white granular and compact limestone, where it is 
in ton tact with the syenite and trap rocks. This effect 
happens more constantly at the junction of the lijp* with 
syenite than with greenstone or trap; in the latter case 
it sometimes happens, sometimes not. The hypersthene 
rock seldom adjoins the lias; where it does, like green- 
stone or trap, it both intersects and covers it. 


Skye. 


Gabbro, Granitone , Euphotidt , Diallage Rock 
t Serpentine, 

It is to M. Von fiuch that we are indebted for point- 
ing out the importance of the rock, composed of saussur- 
ite, or felspar diallage, called gabbro, or granitorie, 
in Northern It My. The abundance of Serpentine in the 
Pyrenees, t Apc Unities, and other parts of the South of 
Europe,'* lias Sng been remarked. Diallage rocks are 
\ 


equally abundant, often occur in connection with the Geology, 
serpentine, and there is now no doubt as tp the fact that Ch< W- 
these two rocks are very intimately related. Few con- 
elusions of this nature appear better authenticated by 
observation than the gradation of diallage rock into ser- 
pentine, in the Alps, the Apennines, Corsica, and Corn- 
wall. Gabbro has been employed in architecture by the 
Romans, nnd by the family of Medicis at Florence. 

The town of Vienna is said Vo be paved with it. 

Generally, observers agree in representing both gab- Stratifies 
bro and serpentine as unstrutified rocks. When portions tion of 
of them are included between strata of gneiss, mica, P® ntmu - 
schist, &c., they may be viewed as interposed masses. 

But Mucculloch * positively affirms that in Unst the 
stratification, both of diallage rock an$ of serpentine, 
is certainly evident ; and he compares the cases where no 
stratification can be traced in the latter to analogous 
instances in primary limestone. The latter, however, 
is by far the most abundant case; ajid perhaps, taking 
into account the circumstance that in Unst the rocks 
alternate and graduate into micaceous, chloritic, and 
argillaceous schists, we may reasonably inquire whether 
the* stratified varieties of diallage and serpentine are not 
recomposed rockv vltered, like some gneiss, by subse- 
quent application of heat. 

in i he Northern Apennines, Brongniart has remarked 
the following general order of succession downwards. 

1 Serpentine. 2. Diallage rock, in the upper part as- 
suming the aspect of serpentine, (at Hochettu, North of 
Borghetto, near Spezia.) consisting partly of red crys- 
tallized limestone. 3. Jasper rock iu thin lamina?. 

Below these are limestones nnd marly schists, common 
in the Apennines. Iti Monte R a mezzo, North-West of 
Genoa, the serpentine is placed on limestone and talc 
schist, the limestone is m thin tortuous beds, and is as it 
were dissolved with the shining slate and steaschtst 
The direction of the serpentinous masse** in the Northei n 
Apennines, to which the elevation of tint part of the 
range is ascribed, is East South- ftast, which is the same, 
ns that of the Pyrenees, and of some "serpentiuc locks 
about Como. 


Greenstone. 

Scotland has been long and not unjustly considered 
classic ground for the pyrogenous rocks. We shall takq 
as an example of the occurrence of green', tone, the phe- 
nomena in the vicinity of Edinburgh, which have con- 
tributed so powerfully to support the'philosophica) fame 
of Dr. Hutton. The interesting eminences^ Arthur’s 
Seat, Salisbury Craig, the Caltou Hill, and Edinburgh 
Castle, are all composed of trap rocks Associated with # „ 
various sandstones and shales of the car bold ferdus system, 
and the labours of Art have added to the admirable 
exhibitions of Nature. * * 

I n* Salisbury Craig is a very fine section of unstrutified Salisbury 
greenstone enclosed between stratified sandstone, con- Craig, 
glomerate, shale, nnd ironstone nothdes, anrf^t is easily 
seen that both the igneous and sedimentary rocks are 
altered at their formation, Masses of sandstone and con* # 
glomerate, of various forms and magnitudes, are ittau* 
fated in a couftised manner within the ^greenstone, and 
portions of greenstone interposed among theBandstones. 

No dyke appears, but small veins of calcareous spur, 
occasionally metalliferous, cross the line of junction." 

The accompanying drawings; and references will suffi- 
ciently explain the most interring phenomena observed. 

\ 
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Geology. pi. vii. fig. 5, gives a general view of the face of the 
Ch. Ul- cliff an it appeared to the writer in 1820. The letters 
'* 0 *S mm * of refereoce* a , 6, c, mark points df which details are 
given Mow. On a nearer examination, the point a 

• shows greenstone gradually changing to a red colour 
and finer grajn near its upper surface, on which .rest 
beds of sandstone, ironstone, and shale, as under. 

). The upper part of a greenstone mass, tine grained 
and of reddish colour. Veins of calcareous spar, with 
micaceous iron ore, divide the upper part of this mass, 
and pass through Nos. 2 and 8 above. 

2,8. Mass of petro-silicious sandstone, mixed with 
softer green portions. 

4. The same sort of hardened sandstone, with less of 
the softer parts, (here and there a purple tinge.) * 

5. Argillaceous, compact, hard shale of a purplish 
or green colour, and subconchoitlal fracture. 

6. Red argillaceous ironstone in green shale. 

7. Sandstone beds, reddish and indurated. 

At the point b (iig. 6) a nearly similar series of 
alternating stone and shale rests on very similar trap. 
A portion of sandstone is engaged in the trap, ami other 
signs of violent intrusion occur. * 

At the point c hard, ml sandstone flags, without iron- 
stone, rest on reddened greenstone.* 

A large quarry at the South end of Salisbury Crag 
affords an excellent section of sandstone beds bdow the 
greenstone. Fig. 7 and 8 ure taken from this quarry. 

In fig. 7, the greenstone, reddening below, rests on 
j aspen zed sandstone, which is much broken and con- 
fused in places ; below this is green shale, covering red 
and white sandstone with conglomerate. Fig. 8 shows 
portions of sandstone enclosed in the trap, which grows 
redder towards the contact with the stiata below. The 
aspect of a portion of sandstone fairly enclosed in trap is 
seen in fig. 9. 

Some lute observations of Ford Greenock on the ap- 
pearances presented by a section of the compact green- 
stone and sandstone strata in the Castle Hill, Edinburgh, 
show the effect of pom ulsious acting upon both of those 
rocks since the eruption ol thehthoid lava. At some points 
of this hill the usual transformations of the sandstones, 
#e. happen in contact with trap, but in one place beds 
of sandstone and marl an; seen in a state of great dis- 
turbance, thrown in angular positions upon tabular 
greenstone, and not in the slightest degree altered as 
to hardness oi* aggregation at the junction. Possibly, 
the explanation which applies luwe, viz, that the junc- 
tion ot the ignemi.4 and stratified rock bus been occa- 
sioned by donv'dsive movements, which have lifted them 
both in a solid fiirm, may be found applicable to some 
1 other cases in Which trap rocks appear to exercise no 
transforming influence on the contiguous rocks. 

• 

** * Basalt 

The researches of Dr. Berger, Dr. Bucklund, and 
Mr. ConO/are* or» the North-East of Ireland, have fur- 
nished a highly interesting Memoir in the GroL Tram, 
vol, iii. from the pen of the latter Geologist. The coast 

* between Belfast Lough and Lough Foyle is one 
boundary of a l^rge trad reaching Westward to Lough 
Neagh, and including the river Bunn, which is qjmost 
wholly occupied on the surface by basaltic rocks rising 
"at intervals to eminences of 1320, 1820, and 1864 feet 
above the Bea. Under thi^ immense partying mass of 
basalt are found several members of the English scries 


of strata not known elsewhere in Ireland. 1. Chalk, 
agreeing with the lower beds of the English series. 2. 
Mulatto*, un Irish name for the green sand of English 
Otologists. 3. Lias limestone, (without any other 
rock of the oolitic system.) 4. Beds of red marl and 
gypsum salt, resting qii variegated sandstone. 5. At 
the North-Eastern* and South- Eastern extremity, coal 
measures, consisting of red sandstones and shales with 
inferior coal, appear below all the other strata* The 
mulatto* and lias are often wanting in the section. 
superincumbent basalt is estimated to have an average 
thickness of 545 feet, (in Benyavenagh it is 900 feet, in 
Rnoehlead 980 feet,) and its superficial extent 900 
square miles. ? * 

The phenomena presented by the basalt, exposed 
along so great a length of coast, arc various and remark- 
able, and we are not only delighted with the magnificent 
colonnades of Fairhead, and the geometrical pavement 
of the Causeway, but instructed by the clear exhibition t 
of the effects of dykes dividing both the congenerous 
basalt above and the calcareous strata beneath. 

The immense mass of trap rocks in this district ex- 
hibits, besides basalt, which is the most abundant mate- 
rial, greenstone, clinkstone pnrphyiy, wacke, and red 
ochre. Near the Causeway, the cliffs, according to Dr. 
Richardson, consist of alternating basalt and red ochre, 
in the following order downwards. 

I! Basalt rudely columnar, 60 feet. 

*2. Red ochre or bole, 9 feet. 

3. Basalt irregularly prismatic, 60 feet. 

4. Col ti in tin r basalt, 7 feet. 

5. Intermediate between bole and basalt, 8 feet. 

G. Coarsely columnar ba>alt, 10 feet. 

7. Columnar basalt, the upper range of pillars at 
Benrore Head, 54 feet. *. 

8. Irregularly prismatic basalt. In this bed the wacke 
and wood coal of Pori NoffVr are situated, 54 feet. 

9. Columnar basalt, forming the Causeway bv its 
intersection with the plane of the sea, 44 feet. 

10. Bole or red ochre, 22 feet. 

11. 12, 13. Tabular basalt, divided by thin seams of 
bole, 80 feet. 

14, 13, 16. Tatajlar basalt, occasionally containing 
zeolite, 80 feet. 


The stratified rocks in contact with the trap have un- 
dergone remarkable changes in several localities. 

At Portrush, the trap (a rudely prismatic greenstone) 
overlies and perhaps alternates witji a flinty slate, which 
contains numerous impressions of ammonites, belonging 
to the lias shales. This transformation of lias shale* 
which reminds us of the more extensive phenomena of 
the same kind in Savoy, was formerly adduced as* an 
argument for the aqueous origin of Imsalt ! .Moat of the 
alteranorih of stratified rocks on this coast are effected 
by basaltic dykes, which divide both the overlying masses 
of trap and the subjacent strata. 

A*t the foot of the hill called Lurgethan, basaltic 
dykes traverse the red sandstone conglomerate, which is 
indurated near the contact so as to resemble compact 
boriistone. 

The coal measures, underlying the basalt of Fairhcad, 
*are crossed by dykes which have ohunged the ordinary 
shale into flinty slate, hardened and pyntized the sand- 
stone for 15 yards, and converted tlt/jtfcoai to a cin- 
del*. The chaVk is affected by many <; pkes to such a 
degree as to be converted to a real marb: e, for 10 feet or 
more from the side of the basalt. ? y ^ 


(Seoloirv. 
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Geology. The order of effects is first a yellowish tinge of colour, 
Gh. 1X1. than a bluish-grey colour and compact texture, then a 
fine-grained arenaceous aspect, next a sacchurine granu- 
lation, and finally close to the dyke the chalk is altered 
to a dark brown crystalline limestone, with flaky crystals 
as large as those in primary limestone. The flints in 
the altered chalk assume a grey-y&rtowish colour ; the 
altered chalk is highly phosphorescent when heated. 
Examples occur near Belfast, at Glen arm, in Rathlin, 
and other places, Near the top of the stratum of chalk 
whiqh crowns the cliffs of Murloch Bay, is an interposed 
bed of wacke 5 or 6 feet thick. For proofs of local vio- 
lence accompanying the exhibition of the basalt, and 
"Sonny interesting details, the original Memoirs may be 
consulted. 

The basaltic formation of Upper Teesdale in York- 
shire luis been described by Professor Sedgwick, and its 
continuation through Northumberland by Mr. Hutton; 
and we can bear witness to the merit of their researches. 
The great mass of basalt (called Whin Sill) lies in a 
pseudostratum of most irregular thickness, enclosed 
among the strata of the carboniferous limestone series, 
generally in one particular part of the series, so that in 
the valley of the Tyne its place in the section is con- 
stant, and we think it occupies generally the same 
( situation in Teesdale, though in Weardale another layer 

of basalt occurs. We cannot doubt that it was erupted 
from several local centres or lines, and that its thickness 
at different [daces was affected by their proximity to the 
eruptive channel. In the short space of six miles, from 
Caldron Snout to Hilton Beck, its thickness is diminished 
from 200 or 300 feet to 24 feet, and further South it 
disappears totally, But to the Noithward the range is 
(interruptedly ?) continued to the sea-coast of Dunslan- 
borough. 

No dykes pass from this mass (in Teesdale) into the 
rocks abo\e or below ; so that a first view of the ease 
suggests the belief that it was poured out as a mass of 
submarine lava upon the yet incomplete deposit of the 
carboniferous limestone. Professor Sedgwick, however, 
( Carnb . Phil. T'-aus.) maintains that it was injected from 
below amongst these strata, and that it penetrated be- 
tween the planes of the strata by violently uplifting 
them. 

The strata in contact are affected by the basalt in 
several ways, which may be well seen about the high 
three. The subjacent shales are prism at ized, so os to 
he mistaken for basalt, generally much dehitutnuiizcd, 
so as to become grey or whitened, and rendered brittle 
by condensation, hut not much hardened. The sand- 
stones are in several places highly hardened, rendered 
brittle and full of fissures, and much whitened. The 
limestones below the shale are remarkable for having 
their top bed full of iron pyrites. Thotfe libove, 
butanol in contact with the basalt, are for a large tract of 
r m 9 country totally ehauged from a full blue, hard, rather 
^ritioidal limestone in the first degree to a pale blue, 
crystallized, soft marble, and in the extreme to a loose, 
granular, saccharoid rock, in which, nevertheless, some 
traces of organic remains (a crinoidal column) remain, 
But the moat ^remark able effect is the generation of gar- 
nets in the contiguous shale under the basalt of Cronkley 
scar ; a case analogous to the one described in connection 
with the dykefof Plats Newydcl by Professor Henslow. 
(GcoL 2>o/i#.)| 

( The igneoiif rocks therofselves are chiefly a fine- 

, grained ^bwk pasalt, changing to a coarse-grained va- 


riety of the same ingredients. Contemporaneous veins 
of very beautiful hypersthenic and augitic trap pass 
through the basalt in several points, and it is traversed 
by a few productive lead veins. 

The connection of several very remarkable and exten- 
sivctbasaltic dykes with this great “ Whin Sid ” is rather 
assumed titan proved. In faet**tbere is no evidence of 
any one of these dykes being traced into the Whin Sill, 
and as some of them pass into the upper coal measures, 
und one divides magnesian limestone, Hus, and oolites, 
we prefer to consider them of different Ages, though 
certainly related to the same local centre of igneous ex- 
pansion. Successive injections of similar igneous rocks, 
at remote geological intervals, seem to be indicated by 
the phenomena. 

These dykes pass in directions to the East North-East, 

East South-East, and nearly East, and the lines which they 
take are so straight through all sorts of rocks, their re- 
spective breadths, and the quality of the rock in each, so 
nearly uniform, though iu these particulars they differ 
from one another, that, considering their extraordi- 
nary length, we may safely rank them as amongst the 
most remarkable phenomena of English Geology. The 
Cleveland or Cockfield dyke, in particular, ranges for 
seventy miles through the coal series, {where it chars the 
coal, hardens the sandstones, and debiturninizes the 
shales.) the magnesian limestone, the lias shales and 
sandstones of the oolite series, which are affected like 
the coal system below. Generally it is a nearly vertical 
dyke, but at Cockfield fell is subject to oblique expan- 
sions of a singular kind. 

The dyke which passes East North-East is remark- 
able for having a small vein of lead ore running by the 
South-East side of it, and for converting the sludes 
through which it passes to the state of a soft, whitish 
shale, called pencil bed, like those in connection with 
the Whin SiU. It does not cut through the magnesian 
limestone. 

M*laphyre s Pyroxenic Porphyry. 

The history of this rock, which bus a base of augiteor 
pyroxene, holding crystals of felspar, is indissolubly ns* 
aociated with the name of Leopold Von Buch, who, by 
a series of observations, chiefly founded on a survey of 
the Southern Hank of the Alps, has been led to form the 
remarkable opinions: J. that the elevating of the East* 
ern range of t fie Alps, since the tertiary epoch, was 
contemporaneous with and dependent' on the eruption of 
melaphyre; 2. that the dolomites of the » Alps were 
produced from ordinary limestone at the same time 
and with the same dependence. Tht» line of dnlo- • 
mites and melaphyree extends (interruptedly) from 
Bleibergto Lake Lugano; bu^ the occurrence of so 
many masses of dolomilic limestone in other situations 
than where melaphyre shows itself, must render incon- 
clusive the inferences drawn from their connection in 
the Alps. Neither is this connection alwaS & very evi- 
dent. On the contrary, even at Lugano, it is rather near 
the augitic rock than in contact with it that the lime- 
stone is dolomitized* VonBuch sown Map and sections • 

(Ann. den ScL Mat tom. xviii. pi. vii.) w^uld hardly lead 
to the opinion that the dolom taxation of the limestone 
was especially due the presence of melaphyre. For 
between the dolomite and melaphyre of the peninsula of* 
Lugano, rnica # aotust and another kind of porphyry in* 
tervene ; and on Monte Argent era, the Limestone which 


no 
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Geoloffv. licR u P on the i* not dolomitized. I)e Beau- 

Ch. Ill* mont admits that it is even rare to find the dolomites near 
Lugano in actual contact with melaphyre. 

It would, however, be uujust to Von Buck to reject 
the hypothesis on this account. He himself says it is to 
'gaseous eruptions accompanying the pyroxenic eruption 
that we must ascribe the alterations of rocks. 

The influence of these exhalations might be felt 
far from the main fissures 'occupied by melaphyre, and 
De Beaumont generalises the phenomena so as to 
refer the production of dolomite to the exterior line of 
fracture of the primary rocks ; that is, to the line which 
now divides the undisturbed from the disturbed rocks. 
See page 76 L * 

The view is’thus entirely changed, and certainty ren- 
dered more philosophical. Whatever muy lie its fate in 
this amended form, Geologists will have been taught by 
it to investigate generally what connection there may be 
between certain phenomena of alteration of rocks, certain 
lines of disturbance, and particular erupted mineral 
aggregates; and thus the field of research into the con- 
ditions of the local metamorphism of stratified rocks is 
greatly widened, and brought into nearer relation tvith 
the speculations concerning general ^Iterations of the 
primary strata around granitic nuclei and axes of ele- 
vation. 

Clay static. 

In the cliffs of C’orygills (Arran) are several claystone 
djkes. One of these slopes at a considerable angle 
through the sandstone cliff, and, being very wide, shows 
a columnar structure in the middle reel angled to the 
plane of the dyke ; along thtj sides it is slaty. Between 
the columnar porphyry of Drumadoon and the Coves on 
the West side of Arrau may be seen no less than five 
interpositions of ebystom* among the sandstone strata, 
mostly exhibiting a rude prismatic* structure. 

Near Tormore is the celebrated arched vein or dyke 
of claystone represented by Macculloch, and considered 
composed of* ellipsoidal concretionary layers by 
Bom*. It is redder and softer m the middle thun at the 
sides ; it divides strata of red clay and white sandstone. 
Great variety of chiystones occurs in the Pentlanu hills. 
(Professor Jameson, //Vrb. Trans . vol. ii.) 

* Claystone Porphyry. 

Trnchylic porphyry, (Bone,) clay porphyry, os it is 
termed by Jameson, occurs on the Western shore of the 
Island of Arrau in considerable variety. It appears in 
* the cliffs in huge overlying masses, and on the saud- 
* stone shores in dykes of great width. At Drumadoon 
many interesting exhibitions of it occur. We extract 
the following britrf notices from a journal of observa- 
tions in 1826. 

A dyke (a) of clay porphyry 20 feet wide, ranging 
South 4(f ; AVe«t, includes large modified felspar crys- 
tals, which are sometimes nodular in external figure. 
On the South-East side is a contiguous vein of greett- 
* $lone. The porphyry encloses masses of greenstone ; it 

is not prismatic, jA huge mass ( b ) of clay porphyry, like a 
dyke or rather interposed bed, dipping South, has <yi the 
South a layer of more basaltic aspbet, the two being 
• ^united in one specimen. In the fine range of clay por- 
phyry columns at Drumadoon, whilh are, 60 or 80 feet 
y nigh» occurs a dyke of greenstone passing in a line of 


double flexure obliquely through the pillars. At the ?i? 0 ^£7 # 
base of these columns is a layer of more decidedly ba- 11J * 
Baltic rock with few crystals of felspar, through which 
the same prismatic structure passes. Towards this 
great mass the dyke (a) tends, and is said to join it. 

A very wide dyke of day porphyry, ranging North 60° 

East, (beyond' the Coves,) has greenstone on each side, 
and also encloses greenstone. 

Amygdaloidal Trap . 

The Hill of Kinnoul, one of the moBt remarkable 
masses of trap rock in Scotland, rises near Perth, fron\ 
out of the great area of red sandstones which lie against 
the primary strata of the Highlands. Its height above 
the plain of the Tay is stated by Maeeulioeh ( Geoi . 

Trans, vol. iv.) to be 600 feet, and it shows precipitous 
faces to several quarters. The greater part of the hill 
consists of an amygdaloidal rock, whose basis varies * 
from well-characterised basalt to waeke. The sub- 
stances which impart to the rock its amygdaloidal cha- 
racter are, green earth, calcareous spar, quartz, and 
culcedony. Green earth, or chlorite, occurs in nodules 
generally small and round ; it also invests the roundish 
nodules of calcareous spar, which are crystallized within 
but externally accommodated to the shape of the cavity 
injhe rock, or to the crystals of quartz which sometimes 
line the cavity. The spar is sometimes crystallized at 
liberty m a cavity ol quartz or agate. 

The quartz is found to vary by several shades into 
agate and calcedony, w hich biter sometimes appears in 
a stalactilical form hanging downwards in the cavities 
of the amygdaloid. Alternating zones of quartz and * 
calcedony sometimes appear in the same nodule; ame- 
tin: tine quartz also occurs,* and we have in Kinnoul 
almost every variety of angularly zoned agates. Veins 
us well its nodules ol calcareous spar and quartz divide 
the rock, and more rarely sulphate of burytes, chert, 
and agate. Veins of heliotrope have also been found, 
but without the red spots. Macculloch thinks there is 
not the least reason to doubt that the 'substances now 
tilling the cavities of the amygdaloid have been intro- 
duced at some period since the cavernous aggregation 
of that rock from a state of lava. 

Shales and sandstones are hardened and altered, and 
much confused at their junction with the trap. A re- 
markable case of seeming prolongation of thin masses 
of the shale into the substance of the trap, so as to 
resemble veins, is described and represented by Mac- 
culloch. (fiVr)/. Trans, vol. iv. pi. xi.'f In these seeming 
veins the laminated texture of the schist disappears. 

Alternations of amygdaloid and sandstone are fre- 
queut^aboul Oban. 

tracks. 

Respecting this softest of the trap rocks we shall 
only observe, that in the Cal ton Hill, Edinburgh, it 
forms part of those variable masses, which sometimes 
may be called amygdaloid, sometimes porphyry, and not 
unlrequently assume the aspect of breccia; being like- 
wise traversed by numerous small veins or strings of 
calcareous spar. In the superior and Eastern parts of 
this hill waeke alternates with hittimbibus shale and 
nodules of argillaceous ironstone, in iiany repeated 
strata dipping to the East. At the surftfresipf function 
there sometimes appears a gradation fqpm owe rock to 
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the °^ lcr » an( l ]i does llot a PP ear that any decided 
-^% ,-n J* u,ar ks here occur of the action of heat upon the shales. 

Pitchstone. 

As before observed, pitchstone occurs in the Isle of 
Arran both in dykes and interposed btnls among the 
sandstone strata. The Western coast is particularly 
interesting in this respect. The same cliffs which exhi- 
bit* so many clay stone masses alternating with sand- 
stone, contain also parallel short bands of pitchstone 
probably connected with the neighbouring dykes. One 
of these dykes, about 30 feet wide, is curiously mixed 
'with hornsUAie, and tor the most part bordered along 
the sides by greenstone. The disposition of these sub- 
stances in the fissure will be understood by reference to 
the horizontal plan, pi. vii. fig. 10, where the letters 
H,I\ and G are placed against the hornstone, pitchstone, 

1 and greenstone, respectively. The pitchstone is gene- 
rally of a dark green colour, fissured longitudinally into 
rude prisms, which are jointed transversely at about two 
feet distance, or concreted into smooth conical masses. 
It seems to pass gradually into the hornstone, which is 
laminated parallel to its bounding surfaces. The dyke 
appears in one place to deviate from its vertical course 
and to go under a portion of the sandstone. A green- 
stone dyke, which is nearly right angled to the course of 
the pitchstone, is shifted by it. 

In another dyke, one side is yellow pitchstone closely 
approximating to claystone, within this light green and 
red stripy pitchstone, then silicious splintery stone in 
irregular masses, (hornstone,) and the opposite sid*> is 
, greenstone. Another of these cm ions dykes is green 
pitchstone on each Bide, then ml pitchstone, and in the 
middle dark grey hornstone 

The pitchstone bed at l orvgills is 15 feet thick, and 
a dark green or black rock, enclosed between strata of 
sandstone, which are hardened towards the junction. 
The pitchstone is marked bv lines parallel to its nearly 
level surfaces, and these aie eiossed by the smooth dis- 
tant vertical fact's of prisms. Tin* lower part is porous; 
between it and the sandstone beneath is a white crumbly 
or fragmentary mass soft as steatite, which it much 
resembles. 


I 


Trap Tuff. 

Porphyritic Breccia. “ Volcanic Sandslonr." 

4 

lie-aggregations of the disintegrated or fragmented 
materials of trap Jocks are generally known under the 
vague name of trap tuff and compared with volcanic 
luff, sometimes without much reason. Amongst the 
slaty rocks of Cumbria, in Glen Coe and Hen Nevis, 
fragments of felspatlnc and porphyritic rocks are fre- 
quently found united into a solid breccia; under Arthur’s 
. Seat und in the Calloti Hill recomposed irregular slrata, 
chiefly derived from fragmented rocks of igueous origin, 
appear associated with ordinary greenstones, porphyries, 
and basalts. In many instances these have no just 
claim to be ranked with the pyrogenous rocks, but 
should be transferred to the class of tumultuary and 
local aqueous deposits : the circumstance that the prin- 
cipal portion of the ingredients is of igneous origin t is 
not probably I qnflned to these rocks, but is often, per- 
haps with Iru h, ascribed to the whole mass of sedi- 
mentary dfpnc ts from water. 

In th^ ^icir ity of Oban, in juxtaposition with some 


interesting amygdaloida and altered shales, sandstone ^ ol °Ky- 
beds, composed of the grains of disintegrated trap rocks, . ^1* *' 

are found resting on conglomerate, amongst whose peh- 
bles are granite, porphyry, quartz, red and white amyg- 
daloid, fine-grained basaltic trap, sandstone, jasper, &c. 

Mr. Murchison has recently found, along the South 
Wales border, many examples of the occurrence of sand- 
stone composed of the ingredients of trap rock*. A 
little removed from the steep* »iopep of the Wrekin and 
Caer Carmine, rocks of this kino » 'cur in beds, and con- 
tain organic remains, but in all respects of composition 
strongly resemble greenstone. TJ noticed by 

Aikiu. At the Southern extremity or the Wrekin, the 
stone is of n dark "green colour, and is .evidently com- 
posed *of the ingredients of green • ne apd syenite with 
ft few scales of mica. Near the Carndoc these beds 
contain much decomposed felspar, They are part of 
the 4th system, p. 5bS, of the fossiliferou.s greywarkc of 
Wales, and are attributed to submarine eruptions of 
volcanic suhstunees in such n state of disintegration as 
to iimx wnh i he sei /i»tcr, and be diffused over consider- 
able bi t iths of the bed of the sea. 

• . Section 4. 

Mtnrral Veins, 

The circumstances attending the occurrence of mi- 
neral \eius in the rocks, their intersections with each 
other, and the arrangement of their mingled metallic 
and sparry contents, have been sufficiently studied to 
ascertain that these valuable elements in the adaptation 
ot our Planet to the wauls of its inhabitants have been 
subjected to a great vaiiet) ol processes depending pos- 
sinlv on one general law, but great!) modifier both in 
eombmatiou and energy bv local and periodical eoudi- 
tioiiB In the vague language ol imperfect Science, we 
say, many tuvs< sepaiate or variously combi icd, have 
been concerned m (be pioductiou ot minerd voids ; and 

s probable that the most advantageous mode of in- 
vestigating their origin, consists in f he attempt to infer 
from the nues of facts already brought together what 
arc, respectively, the spheres of action and limits *4 inten- 
sity belonging to the several processes concerned: und 
afterwards, from a more general contemplation of these 
processes in their various degrees of combination, rise to. 
a comprehensive notion of their connecting laws and 
general cause. 

This is not the mode usually followed by writers on 
mineral veins. Neglecting the general U.et iff the com- 
plication of the phenomena, they ' *ive been mostly 
anxious to try their bearing individualTV, or in mass, . 
upon the perfectly general question of igaeou£ or aque- 
ous agency, and thus nothing was explained. A vast 
abundance of minute inform&tkm oir Veins has been 
irrecoverably wasted ; and the experienced miner laughs 
at the reasoning of the half-informed Mineralogist, con- 
temptuously rejects his theory of tcins, aim* contents 
himself with believing that the facts are inexplicable. 

This dissociation of observers and re&snners is the true # 

cause of the comparatively small advantage which hat 
been derived to Geology from the immctise and variola 
mine* of the British If’ ; on the one hand we have the 
greatest possible verb’’ f phenomena, on'the other the # 
full extent of the resources of chemical and mechanical 
philosophy, but these have n^t been combined. If the 
zoological principles of Geology ure better established 
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Geology- and mote fertile in deductions than the mineral princi- 
C'h. Ill* pies, it is not because our knowledge of organic nature 
is more advanced than the science which treats of* the 
constitution und agencies of inorganic matter, for the 
contrary, perhaps, is true, but because in the one case 
{he ancient effects and the modern laws of action Have 
been brought into mutual illustration, in the other 
deprived of all connection. 

In order to prosecute investigation according to the 
principle* which we hir a ted to he tin best, we must 
limit out inquir* t/» d i( m: subjects most distinctly con- 
nected wi Lik metallic ■« ecu mu lid ions the 'Ticks. To sup- 
port inference*' cm /Mirjg the geseral laws of processes 
which have produce.: miner*;! \iins. vve ma>, with great 
advantage tncJjjde the b *> / basaltic and granitic, 

and porphyritic dy ke«, h he diseove-y and estimat- 
ing of Mu* processes the», nu’v *h»»sc ♦feet'* must 

be examined in which day .‘-peeia 1 !; n interned . 


Thong 1 .»! so- , \)\ 

,ta id* ’ 

< !ist;> 

i d ion lu'tweeu 

rock dykes and m .» »,»! 

cue »*i 

iiighinrv, viiev ..re n. 

ge 4-o\d clearly cor ** ; 

- ' j 

natm 

» the •'tdi- 

stiimev whief* (hev • 

.. in in 

du 'on 

case crys- 

tidli/i- ! nnuernls 'ir ihi 

mu kind 

'fio* 

- * 1 d interioi 

..iUssc^ of '.Mimohdot^kl 

A\lk fro/. 

, -*s\ 

. old «: ate 

evidently ramification*, , 

in tin ki* 

:. tin 

< substances 

\GnHl are not knowi . 

exist m 

. . 1 • - 

• m ept m these 

situations and in other 

verv simii, 

.if i 

t iJh related 


to them by position, and rryMalli/crt k * vrihv nunerab 
seldom oi the same kind us i v*}ucJi ■>« un in sun ot 
the rock dtkes To this gene*,-, ink (plan/ n. one ot the 
most striking e\( epUom, ; vtftven in this ims.uik t it i*- 
senr.ii K..b«e that ihoqiimu ol vein- i*. *-1 <> mv different 
a'-’p- cl Uom thai d will h tn-rvdn-nls ot ' v i;oiui/ 

: .!'■ u .p 'o-k ..kit-' i i . . * * « * r v i ' *’ke tin* pivi ive 

'•..!< ‘ ..an f anu ; iMuiic ii hi. In. snOslenre- 

Usimn ‘ . m*I ttuvewnlt, ane .omiooms e.died \c.n- 

•ftifh < eluoaeteris ,i. ne mineral veins 

who. a w* an no >, a cwiuin , .out (ounect 
with tees* all ojtn-i cases id cnt/i «i tl aggiegations or 
uvuireme oi the kein-Hul) ;vurh seem referrible 1< 
the siMe i ,«mdogon.« pn»nssc> 

Til. > nsv embraces the following points ot rescan ii. 
1 V* ' i sub-ianct"* art* found in mineral veins and ic- 
j»'* a t"ne»* 2, Tin* noiniu* ot their aggregation oi nn\ 
Hire, 3. The Munitions of their occurrence. 4 The 
.relation-- between frequency , arrangement and contents 
of tin veins, nature, age, and position of the rocks in 
which they otcr # * 

Si ft dinners in the n:r\ 

* 9 

»Vhat snls The simple iiiincrets which occur in veins und m.alo- 
•liiiice-.. Kx, Mtuattous, are far more numerous tfnv ll» >se 

winch are fouucf ns Component parts n{ tin rocks. 
Igneous rocks, and especially those of modern xoleatiic 
origin, hold u verj great variety oi nonmetalhc sub- 
stances, sonic ot which also occur in veins; but it is 
almost exclusively in this lattei that we are to seek the 
« metals in their pure state, alloyed with one another, or 

tninerulrzed by combination with sulphur and other 
combustibles, w'ilh oxygen, chkuine. and other gases, 
or converted into sails by nir*v jvith various flcids, 
. .Every % lementnry substance yet discovered by Chemist* 
exists in the earth, and it is pronabje that none of these 
are entirely absent from, flic solid cofdehts of mineral 
veins ; though tjpis has not yet been shown to be the case 

vm vi 


for iodine and bromine, which seem universally present in Geology, 
the modern ocean, and azote, which appears in an Gh. 
especial manner devoted to the atmosphere and to the 
organic portion of nature. 

The metallic substances seldom occur pure, sometimes AUuy*. 
in alloys, similar for the most part to those now produci- 
ble by the Chemist, as silver, antimony, cobalt, nickel, 
iron, with arsenic ; silver and nicked with antimony ; lead, 
gold, silver, and bismuth with tellurium; silver with 
mercury , platinum with gold, &e. The only known 
circumstances which stand as antecedents to the produc- 
tion of Mich alloys, is heat, produced by either chemical 
or electrical action , and perhaps there is no single fact % 
connected with the dieor*' of veins, on which the con- 
clusion of the influence of heat m their production 
nniilit be more secure I) ba^ed. Tht rarer occurrence of 
purr metals affords an argutnenf perhaps of less force, 
but perhaps wi mav drr . the same inference from Comburetsf 
tht *'crv nmnorous iln-sof nefals mineralized by union * 

•vitli /ombustiblcs, ?i‘ klphm phosphorus, carbon, 

M-Iem- ut, vK,c., ci the firm..t : '). of wtuch, according to 
the M.ai< r. oil: knowl»dgt f ' hemica 1 force v heat 
wuniti upp- bi duecib; necessary. 

Wc cun no* appl- this general argurne* i # o tht case Oxides and 
ot he rnebu' t. o' idc-. ■ h«ch ar*- very ytrev \leri' in veins, 
becmsi- in ft), hr . 5 pb e<\ tliese are produced under • 

vau#ui^ '.t’aiiur 1 heat, moisture, and /nnfaU with 
gaseous substances ; ard, secoiitlK ha »e v'iri<»u*, degrees 
id penimtu nef when «*xpoM‘d to high temperature!*, 
eithei m .rately oi con.iuncd Neither h.ive wc any 
general conclusion !o present concerning metallic salts, 
which b’ ewise arc not rari' m icins, since these are 
also m Im same wav various in their origin and degree » 

' ' jiermanencc Th« . is besides a difficulty attaching * 

to tins branch of the subject arising from the imere-hutr 
fact, that, in very many instances, metallic oxides and 
Mil s are dt ;ati\e compound/, from .ndphureta and 
lit her primary combinations , and when this is. \erv 
evidently t!>e due, thry arc called epigene. This may 
be said to be even frequently the case with oxide ot 
iron, carbonate of copper, and probably cfarbunate, phos- 
phate, and other salt^ of lead. 

lb-sides the metallic ores which imparl to many Nonnw- 
xeins their most striking, if not most constant cha meters, ,a h‘ c ^ 
various earthy minerals lie m these repositories, and, as mine ™ h 
wiil afterwards appear, under certain definite relations 
to the enclosing rocks as well us to the included metals, 
and with u less distinct dependence on the local situa- • 
tion nr mining district. These earthy substances are 
usually called the gangue, vein-stjjff, or matrix ot 
the ore. Generally they are crystallized, as quartz, 
floor spar, calcareous spar, phosphate of lime, the 
sulphate .and carbonate of barytes, stron tiles, &c. ; 
sometimes appear massive, ns quartz and several other 
minerals when the vein has no cavities m it; and some 
times the vein-stuff is entirely soft argillaceous matter, 
of different aspect in different mining districts. We 
are not aware that these soft kinds of vein-st ulf have 
ever been analyzed, though probably some curious re 
suits might reward the labour. The Cornish mines 
would furnish many examples. 

In some veins, masses of the neighbouring rocks are RuWr. ^ 
enclosed and penetrated to a great extent by little strings 
of .the ore and spur, So as occasionally , to be worth the 
trouble of working. The vein is said in this case to ^ 
bear a rider. it, in fact, sometimes becomes under 
these circumstances a double vein: morefrartely pebbles i 
f) u 
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and other marks of watery action, are stated to occur in 
•oil reins. 

Mode of Aggregation of the Ingredients. 

In this respect there is a variety of appearances which 
deserve especial notice as indicating some of the condi- 
tions under which the vein was filled. In some cases, 
for instance, the whole breadth of the vein is occupied 
by one kind of substance, as lead ore, or quartz, or sul- 
phate of barytes; in other instances, the metallic matter 
is interspersed in small masses through a general basis, 
as quartz % but, generally, the different substances which 
‘fill the vein ‘are ranged in a definite order of succession 
from the sides of the vein toward the middle, in which, 
commonly, the metallic matter occurs in on irregular 
vertical table called a ril> of ore. These variations are 
best observed in the proper veins, but are also to be 
noticed in the nests and detached masses of ore and 
vein-stuff' which sometimes occur in the vicinity of the 
veins. 

The ordinary notion of a mineral vein i9 well exem- 
plified in some Derbyshire specimens, not rare in col- 
lections, which, when cut across, show in the middle 
masses or a continuous rib of galena, and on each side 
of this, to the extreme edges of the mass, (or narrow 
vein,) layers of fluor spar and carbonate of barytes in 
frequent alternation, all the materials being crystallized 
together without leaving any cavities, yet preserving 
their own character of structure. 

Thus, in the diagram, pi. vii. fig. 11, a is the middle 
rib of galena, b b, c c, the alternating bands of barytic 
spar and fluor spar; d d, the masses of rock which en- 
close the vein, are called the walls or cheeks of the vein. 

The contemplation of these specimens seldom fails to 
impress upon the mind an imperfect conviction that the 
several bands of mineral substances were deposited on 
the cheeks or walls of the vein in succession, the middle 
being filled last of all ; and this theoretical notion has 
been illustrated by comparing a mineral vein to a narrow 
gallery whose Walls were covered by many successive 
coats of plaster of different colour and composition. 
Werner adopted the notion of the unequal antiquity of 
the vertical layers of the vein so implicitly as to speak of 
the middle ribs as always of less antiquity. Jt is diffi- 
cult to resist this impression, especially when, in addi- 
tion to the circumstance of the succession of the 1 ami me, 
we observe that these lamina? are so crystallized as to 
turn their free terminations towards the centre of the 
vein, and in thatj direction to imprint the next layer 
with their own forms, just as crystals forming in a vessel 
shdot their points toward the part still remaining 
liquid, and in that direction are covered by fhe subse- 
quently formed crystals. Very similar inferences are 
suggested by certain agates, and more distinctly by 
. geodes in basalt, and the crystallized cavities in lime- 
stones, in the interior of shells, &c. ; in which cases the 
hollow towards which the crystals pointed still remains. 

Yet this first impression loses touch of its force when, 
instead of confining ourselves to a cabinet specimen, 
we examine the whole extent of a mine ; for here in the 
first place it is very often found that the regular succes- 
sion of minerals from the side to the centre is a limited 
though repeated phenomenon ; that the rib of ore is. of 
short horizontal, and sometimes still ’shorter vertical 
extent, din&inishing to nothing, or diffused in small 
grains through the contiguous spars; that different 



metals are found in the same vein at different depths 
and at distant points along its course ; and that both 
the quantity of metal and the presence of spars are de* 
pendent on the hardness, and perhaps on some proper- 
ties imparted by the chemical nature of the rocks which 
the* vein divides. Instances of this will be givefi 
hereafter. 

The phenomena of crystallization before alluded to Chemical 
can hardly be thought to prdvc thp successive introduc- reMon ** 
tion of the mineral laminae into the vein ; though very 
probably they do demonstrate the order of crystallization 
of these substances. 

In some cases we observe indications that one kind 
of mineral has beeh formed round another as a nuc%is ; 
as fof example, sulphuret of copper rqund icosaedral 
iron pyrites in a part of Caldbeck fells, Cumberland, and 
more frequently in many places carbonate of copper 
and carbonate of lead round the sulphurets of those 
metals. It is very often the case that the metallic 
matter of the vein is collected into the middle and forms 
there a distinct tabular mass, called a rib of ore, more 
rarely it is disseminated in the gangue. Generally, only 
one* kind of metal abounds in the same part of the vein, 
but the same vein f may yield lead above and copper 
below, copper ubove and tin below, or lead in one 
place and copper in another. The observation is fre- 
quent that ore is collected into certain vertical portions 
of a vein which arc worked above and below level, and 
between which little but vein-stuff is found in the horizon- 
tal drift. There is a vague notion amongst miners, that 
veins are most productive in the deep, and it ia at leust 
probable that they are less rich near the surface. 

Werner insists on the fact, that certain associations of Association 
minerals can be traced in veins. He notices the con* rnmcraU. 
currerice of lead glance, and blende or culamine, and 
copper pyrites; of cobalt, copper, nickel, and native bis- 
muth ; of tin, wolfram, tungsten, molybdena, and arseni- 
cal pyrites; of topaz, fluor spar, apatite, schorl, mica, 
chlorite, and lithomarge ; of brown ironstone, black iron- 
stone, manganese, and heavy spar. He says where tin 
occurs, ores of silver, lead, and cobalt, heavy spur, calca- 
reous spar, and gypsum are rarely found. Cinnabar and 
other ores of mercury scarcely ever occur with the ores 
of other metals, except iron oriire and iron pyrites. 

That fragmented masses of the neighbouring rocks Rolled ami 
should be found in mineral veins, cannot be thought-*™!? 1114 ^ 1 ' 41 
surprising. It is a common occurrence in mining raa88tit 
districts, both of pritmry and secondary rocks. Thus 
gneiss at Joachim sthal, clay slate in Cornwall, limestone 
in Cumberland, are included in the veins. X more re- 
markable case is that of rolled masses lying in the » 
veins. Werner mentions a vein in Dan iel$to lien at 
Joachimslhal, fourteen inches wide, which, &t one hundred 
and eighty fathoms depth, was almost jmtirely composed 
of rolled pieces of gneiss, some of them nearly spherical. 

In the Stoll Kefier, near Riegelsdorf, a vein of cobalt 
was cut through by another vein of sand^nd rolled 
pieces. These examples seem satisfactory, but we must 
always be careful to discriminate between rolled pebbles 
and concretionary masses. ♦ 

Mineral veins are usually distinguished by mi ners General 
into several kinds, according to their general form and f 0 * n,8uf 
direction, because ^these circumstances qje the most vein *' 
influential in the arrangement of their works. Rake, 
veins , the most common and characteristic, may be consi- 
dered to All long, flarrow Assures, which pass in a vertical 
or highly inclined direction downwards tpom the surface 
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^ irou ^ a thickness of the subjacent rocks, what- 
^ ' j ever these may be, and preserve nearly the same angle 

*'-* rvrn * of inclination and the same linear direction through their 
whole course. Pipe veins are also highly inclined, and 
• pass downwards in the same manner, but they rather 

resemble irregular chimneys than fissures, and are ;<ub- 
ject to great swellings#and contractions of their diame- 
ter. They sometimes pass downwards along the sur- 
faces, and in other cases pepetrate through the substance 
of the strata. The mines in the neighbourhood of Ecton, 
in Staffordshire, are on pipe veins. Perhaps we may 
give the same name to the irregular cavity of copper ore, 
which forms the celebrated Parys mine in Anglesea, and 
to the iron mines of Dannemora, in Sweden. Flat veins , 
or streaks, as far as we are acquainted with them,* seem 
hardly to desei^c a special name, being only portions of 
rake veins which have been changed in their inclina- 
tion, and made to pass for limited distances parallel to 
the bedB. In the limestone districts of the North of 
England, this happens principally in connection with 
certain limestone beds. Williams has a title of Gash 
veins to express such as range for considerable lengths, 
like rake veins, but are wide at top, and grow narrower 
downwards, till they entirely vanish. This is a rare case ; 
though Werner's opinion seems to*b£ that many veins 
grow narrower downwards. 

Siring* Perfect parallelism of the sides or walls of a rake vein, 

which is the most regular of all, is a rare phenomenon. 
Most commonly, indeed, tlmre is a definite boundary to 
tlie mineral masses presented by the rocks on each side, 
but this is only ou the great scale ; and the operations of 
mining disclose to us innumerable cracks and fissures in 
these boundary walls which, when filled by metallic or 
spongy matters, are called strings, and are frequently 
worth the labour of following even to great distances 
from the parent vein, i f t indeed, wc are entitled to use 
this hypothetical expression. The notion of miners ge- 
nerally appears to be, that these strings are to be viewed 
as feeders of the vein, and in proportion to their fre- 
quency in many instances, is the productiveness of the 
vein In the accompanying diagram, pi. vii. fig. 12, 
therein r, v is represented as sending out small branches 
or strings Into the neighbouring rock. A rock thus pc 
net rated by strings is sometimes said to be ndered, just 
as the mosses which are often included in the vein, and 
the walls which bound it, ure called rider . In many 
hocks these ridered parts are very greatly altered from 
their original state. 

It sometimes happens that, in ‘passing through rocks 
of various , hardness, us limestone, shale, &c. the veins 
turn flat for a short distance on the hardest and most 
► connected bed* (as, for example, on the Tyne bottom 
* limcsloneof Cumberland,) and afterwards continue their 
course. These flat parts usually send off strings into 
the limestone, which m]iy thus be ridered to a consider- 
able distance. 

Dissemina- Sometimes the mineral is disseminated through the 
i cd veins, p* ir t s 0 f tjv rock adjoining a vein, or collected in small 
& nests and other closed cavities. This happens not only 

in the Cornish mines, in killas and granite, but in those 
■ }n the mountain limestone tracts of the North of Eng- 

land, and evefy in magnesian limestone. Generally 
speaking, we may be sure that this metallic impregnation 
is so related to the veins, that it is aa effect of the same 
•agent. Whatever filled the veins, also transferred to small 
distances from them some. of their constituent minerals. 
Certain jnetals and ores -are more liable than others to 
1 
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this lateral diffusion- Native silver* silver glance* red Otology, 
silver ore, native copper, tin ore, iron pyrites, and red ^ 
iron ochre, are specially noted by Werner as occurring '** m ** mm/ 
in this way. H c say s, copper ore, pyrites, and lead glance 
seldom exhibit this effect. The assertion may be dis- 
puted as to galena, which is found as well as blende, 
and bitumen, and calc spar, and quartx, in closed cavities 
of shells, in mountain limestone, and in other strata* 

The dissemination of tin ores through some of the 
rocks of Cornwall, is noticed by Mr. Hawkins, underfire 
title of Tin-floors. ( GeoL Soc, of Cornwall Trans, vo^. ii.) Tin floors, 
He observes, that the whole tenement of Botallack is *J ocJ ‘ ¥,or k** 
said to be full of tin floors. At Zinnwald, mineral beds &c# 
or floors have long been the object of mining adventure. 1 
There granite alternates with the tin floors, which consist 
of quartz and mica, with tin ore, fluor spar, and wolfram, 
quartz and mica with tin ore, &c. At Breitenbriinu a 
floor of this kind has been very extensively worked in a « 

gneiss rock. , 

The stock work of the German miners is to be consi- 
dered as a mass of rock impregnated with metallic mat- 
ters, in numerous small veins, which come together irre- 
gularly, so as to make particular parts extremely rich. 

The working of such mineral repositories is directed by • 

quite other principles than those which serve for straight 
veins of definite magnitude. The stockwork is generally , 

opened like a vast quarry, and the excavations are prose- 
cuted irregularly in the most favourable directions. Per- 
haps the copper mine of Parys mountain in Anglesea, the 
iron mine ot Dannemora in Sweden, the tin ore mine of 
Geyer in Saxony, ure examples of immense stockworks. 

Werner, however, appears to have considered the stock- 
work as peculiar to tin ores. 

• 

Relations of Veins to each other. 

The influence which veins exert on each other may be 
in some measure ascertained by an examination of the 
phenomena at the points where they come into contact 
or cross each other. At these points it is very often found 
that the quantity of ore is suddenly increased to a large 
amount, and for some distance, either in one or both 
of the veins. Many veins are productive only near such 
points, or yield there peculiar ores and minerals. This 
does not depend upon the enlargement of the vein 
merely, but is one of many facts which appear to indi- 
cate the agency of certain electric attractions in the dis- 
position of the materials of mineral veins. We have 
heard miners say, that in certain* cases neighbouring 
veins are subject to a kind of reciprocity, so that they 
are not both productive in the same ground, but where 
one is rich the other is poor; but this cannot be esta- 
blished without a very large collection of instances care- 
fully observed * , 

The intersections of veins likewise furnish us with Age «f 
another well-ascertained class of facts, which throws vy»w. 
lighten the relative epochs of their production, independ- 
ent of the evidence on this subject furnished by the rocks 
which they divide. W|ien two veins cross, it almost in- 
variably happens that one of these cuts is continued 
right through the other, as a wall is sometimes conti- 
nuous through another wall of brick from top to bottom. 

Thus, a Vein of copper ore may cross and cut through a * 

vein of tin ore, a vein of lead ore may cut trough a vein 
of copper ore, $nd all these be cut through by some 
other sparry vein or porphyry dyke. Ft is supposed, by v 
almost every writer on the subject, that the relative an- 
5 h 2 
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tiquity of the veins which thus intersect one another may 
he ijmmediatoly determined ; and that in every case the 
vein which is cut through is the oldest of the two. Werner 
took this as the basis of his classification of veins, and 
most practical as well as theoretical miners agree in his 
views ; but they are nevertheless controverted upon va- 
rious grounds, and as the question is of great interest, it 
will be useful to present a short connected view of the 
facts bearing upon it. 

We cannot make a step in this argument, except upon 
the admission that the veins are posterior to the rock 
which encloses them ; in other words, that the space in 
which the«mineral masses of a vein lie, once existed as 
a fissure in the rocks, and was subsequently filled up by 
the accumulation of the sparry and metallic matters. 
This is generally supposed by authors to be a self-evi- 
dent proposition. It is equally allowed by the Wernerian 
and Huttonian hypotheses ; and practical miners can 
with difficulty be made to understand that any doubt has 
been entertained on what seems to them so plain a truth. 

But the embarrassing phenomena of the granitic and 
mineral veins in Cornwall have created amongst some of 
the Geologists of that district a strong suspicion, that veins 
are not to be pronounced of different antiquity on account 
of the circumstances of their intersection, nor to be con- 
sidered as filling fissures at all ; but that the veins and the 
rocks which enclose them are of the same origin. Even the 
common fact of veins passing through slate into granite, 
does not appear to them subversive of their views, which 
would reduce to one epoch and one origin the most dis- 
similar chemical and mechanical phenomena. This in- 
sulated opinion has been generally neglected, as opposed 
to the actual state of knowledge and inference on the 
subject, but as it undoubtedly contains at least a portion 
of truth, we shall trace a few of the circumstances on 
which it is founded. Those who favour the opinion in 
question, must not be surprised at our omitting alto- 
gether what may perhaps appear to them the strongest 
argument of the whole, viz. the mechanical difficulties 
attending the generally received view, that veins were 
originally fissures of the rocks, because these difficulties 
have been in some cases surmounted, and in the rest 
arc certainly more than balanced by others of a different 
kind affecting the Cornish theory. It is, besides, no 
argument for one theory that another is beset by diffi- 
culties which are left unexplained in both. 

1 . It is a general fact, that the walls of a vein partake in 
some degree of its*, characters, and that effects, appa- 
rently depending on the vein, propagate themselves 
into the neighbouring rocks. Thus the walls become 
more indurated, more crystalline, and for considerable 
distances are filled with the matters of the vein ; and 
even the very substance of the rocks is impregnated 
with mineral combinations. In a Country where 
thes veins are numerous, large masses of the rocks may 
in this way be ridcred , as it is termed in the North of 
England ; and if such a gradation of characters could be 
relied on as proof of contemporaneity of origin, this 
may in a few cases lead to the conclusion, that the veins 
and rocks are coeval. 

But what is the true conclusion on this point ? Is it 
not that these effects are locally related to the veins, be- 
cause they are a consequence of their influence, or rather 
of the agency which occasioned them ? That the rid,er^ 
ing of the neighbouring rocks is coeval with the pro- 
duction of jhe vein may be allowed ; but because these 
rocks are Clearly defined from the veins, and fragments 


of them are enclosed in the veins, and the mineralising 
influence which they have suffered obviously depends 
on the influence of the veins, we cannot hesitate to 
admit that these latter are of separate and subsequent 
origin. These facts are similar to what occur in other 
mining districts, where the stratification and ctmsecu- 
tive depositions 'of the rocks divided by veins is perfectly 
evident, and where, therefore, contemporaneity of the 
veins is impossible! * t 

2. It is found, that when veins divide different sorts In different 
of killas or other rocks, that their contents vary in some rock ** 
inconstant manner, according to the nature of the rocks ; 

and. therefore, it has been sometimes argued, that the 
production of the’one is dependent on the other. The 
most fisual notion on this subject is, that tjie veins may be 
viewed as secretions from the rocks ; and by some this is 
supposed to have happened after the production of fissures ; 
by others, by a mere internal separation of the parts of 
the mingled metallic and earthy mass. 

This notion of the slow separation of the ingredients 
of rocks is in accordance with the principles and facts of 
Chemistry, and must be often appealed to, if we would 
explain by true causes the phenomena of mineral veins; 
but with respect te tjie question before us it is indecisive, 
and may with equal propriety be applied to veins of fis- 
sures and veins of segregation. The same electric at- 
tractions between certain minerals in veins, and certain 
rocks about them, obtain in the secondary strata, as in 
the slates and granites of Cornwall ; but if the preexist- 
ence of fissures in the former is certain, why shall we 
deny it in the latter? 

3. There are combinations of minerals in masses of Contempt 
various figure, which, upon very good grounds, are ad- rawuo,, “ 
mitted to be contemporaneous with the rocks in which 

they lie; and if we choose to call by the name of veins 
all such distinct combinations of minerals, these cer- 
tainly are contemporaneous veins. When in granite, 
greenstone, &e , we find particular portions either linear, 
tabular, globular, or in any other figqre which have a 
different proportion of ingredients from the other parts, 
and in consequence become conspicuous and distinct, 
except ut the edges, which graduate without any sign of 
fissure into the ordinary mass of the rock ; these may 
certainly be pronounced contemporaneous veins, and 
they have been produced by a process of secretion or se- 
gregation during the crystallization of the rock. These* 
cases are perfectly distinct, and by contrast place in still 
more striking light the true relatiye age of veins of 
fissures. 

In some instances veins of calcareous spar or other 
minerals lie u holly included in limestone masses, and . 
these are properly called veins of segregation, but they • 
are not contemporaneous veins , for thej have clearly 
been fissures filled at some period sipce the consolida- 
tion of the rock, and the proof is*!. that shells, corals, &c., 
are split and sometimes displaced by these sparry veins, 
which undoubtedly occupy cracks left by the shrinking 
of the rock in the process of consolidation. 

Upon the whole then, allowing every just latitude to 
the doctrine of contemporaneous veins, we must admit • 

that the greater number of veins are posterior to the* 
rocks which enclose them. 

Tiffs granted, wf> may] return to the intersections Intersection 
of veins. The most simple case is when two straight , of v6ins .* 
veins cross without, any change of direction, or any 
lateral displacement; and the order of effects appears to 
be the production of a fissure, and the felling of this by 
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a vein, which waft afterwards broken through by another 
fissure, and this* in its turn, received another mineral 
vein. It seems difficult to doubt the truth of this ex- 
planation ; for if the vein which cuts through the other 
be subsequent to the fissure in which itself lies, it must 
fidfto be subsequent to the vein which that fissure di- 
vides. The occasionaf complication of the problem by 
the number of intersections does not at all change its 
nature. % * 

There are, however, two things to be attended to, 
which require further consideration. It is sometimes 
observed, that the vein which upon this theory is the 
oldest, suffers a particular kind of accident at its 
jux^tion with the other. It is divided into several 
branches on qne or both sides of the cross veins, 
and these branches enclose portions of the neigh- 
bouring rocks. There is some difficulty in this case 
however it be considered, and we must demand more 
exact accounts than arc usually met with of these facts 
before attempting to reason upon them. The coinci- 
dence of this splitting of a vein with the crossing of 
another vein, may often be only accidental ; for such 
splitting frequently occurs in a wide vein, far from any 
cross course. . * 

The fissures which have received the mineral veins 
are in most cases accompanied by slips or dislocations 
of the strata in a vertical direction, and the veins are of 
course subject to the same accidents of displacement. 
When two veins cross, and both are vertical, the lines 
of hearing of the two portions of the displaced vein must 
remain coincident alter the fracture ; if the divided veiu 
be not vertical, its separated portions will have their lines 
ot direction parallel, but not coincident; and in any hori- 
zontal plane they will appear to have sustained a lateral 
movement. Thus in the diagram, pi. vii. fig. 13, the 
cross vein a and the divided vein b are both vertical, 
but the divided vein c is inclined in the direction of the 
arrows, and its apparent lateral displacement is really 
due to a vertical, movement. If two divided veins are 
inclined in opposite directions, and be dislocated by the 
same cross vein, they will appear to have moved la- 
terally in opposite directions, as c and d. 

Were we to include the cases of the inclined cross veins, 
and also those where the inclination of these veins varies 
both in amount and direction, the results would become too 
complicated for explanation without mathematical sym- 
bols ; and we*imist, besides, remember that the displace- 
ment of the strata is really vejy seldom in a vertical 
direction, but generally accomplished by an angular 
movement 4 from some fixed point, or round a virtual 
centre. We must, therefore, be very slow to admit the 
difficulty of the problem of the displacement of the solid 
mantes of the earth as an argument aguinst the received 
opinions concerning mineral veins, for this principally 
depends on the want of* precise and sufficient data. 

Several remarkable cases which occur in the miues of 
Cornwall have been simply explained by Mr. Lonsdale, 
and there 4 can be no doubt that the application of the prin- 
ciples of solid geometry to other complicated phenomena 
of that interesting region will gradually remove much of 
the mystery which has been supposed to hangover them. 


Geographical relations cf Veim . 

Though, properly speaking, therejs no real connection 
between mineral veins ap'd the external* physical con- 
figuration of th<| earthy yet, as this configuration is con- 


nected with peculiarities of internal structure, it is gene- Geology* 
rally found, as Werner long ago indicated, that mining 1W * 
districts are almost entirely confined to the vicinity of '*^*v*'^ 
mountains or elevated land, because in those situations 
the rocks were most dislocated by slips, and divided by 
fissures at the period df their elevation. It is not the 
absolute height of the ground, but the circumstance of 
its having been much exposed to subterranean convul- 
sion that determines the prevalence of mineral veins. 

The rich mines of Cornwall are in comparatively lt>w 
situations, but they are all in the vicinity of erupted # atid 
elevated rocks. 

There appears to be no limit either of height above or* 
depth below the sea, which defines the productiveness 
of veins, though in some Countries the higher, and in 
others the lower situations are most favourable. , 

It is sometimes found that the contents of a vein vary 
with the depth, without any particular geological condi- * 

lions ; as for instance in Cornwall copper is prevalent in * 
the mines at greater depths than tin, and in the slate 
tract of Cumberland veins which bear lead near the 
surface yield copper in the deep. In other cases there 
appears a peculiar determination of the metallic ingre- 
dients to particular situations. The mines about Ecton 
yield copper ; those of Derbyshire generally lead ; in the 
Penine chain the veins generally }ield lead, but toward 
the. Eastern and Western limits of the district copper 
becomes less uncommon. 

The length of a vein of fissure is perhaps hardly in 
any case certainly known ; because when it ceases to be 
worth working, it is for all the ordinary purposes of 
mining said to be dying out, or cut out, or ended. The 
richest veins are productive for limited lengths, but the • # 

fissures which they fill may be, and are often extended lar 
beyond the spaces occupied hy metallic impregnations. 

Some ol them are known to extend, and to be produc- 
tive tor many miles in the Harz, in Cornwall, and in 
the North ot England. The width of veins is various, 
in different veins, but generally nearly constant in the 
same vein. A width of twenty feet is very unusual ; 
most veins ure less than six feet wide. 

There is n peculiar geographical relation of veins Direction* 
w hich is very difficult to understand, but which is so of mu,era * 
general that it may eventually be of the greatest value vems * 
in correcting and perfecting our theories concerning 
them. This is the genera! direction of the veins. The 
most general direction of the great dykes and faults in 
the North of England, may perhaps be defined tube nearly 
East and West. But this is much more certainly true with 
respect to the mineral veins of the limestone districts of 
Weardale, Allendale, Alston Moor, and all the mining dis- 
tricts ofYorkshire ; and it is equally recognised in the pri- 
mary traces of Cumberland, Westmoreland, and Lanca- 
shire. This is so general a fact, that the East and West 
veins are called right running veinu, while the few which 
range more nearly North and South are called cross ' 
courses. These latter are seldom rich in metal ; they 
often cut through and shift the right running veins la- 
terally, as both of them shift the strata vertically. There 
is often to lie observed a sort of compensation in the dis- 
locating effects of veins. In Weardale most of the veins 
throw up to the North, while the parallel courses in 
Allendale and Alston Moor throw up jto the South. 

The lead veins of Flintshire and Cardiganshire have the 
same East and ‘West direction, and so have those of > 
Mexico, ; • 

The lodes and veins of Cornwall are most generally 
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East and West veins, or nearly so ; and these, according 
to Mr. Game’s (Trans, of Gevl. Society of Cornwall ) 
excellent Memoir, the oldest veins in that district, being 
traversed by the oblique veins and by the cross courses 
el vans and flukang. But not all the East and West 
lodes are of the same age, the tin 'being older thau the 
copper ; neither are all the East and West tin veins of 
one age, for those that underlie to the North, are 
generally traversed by them that underlie Southwards. 
These curious generalizations are not to be overthrown 
by particular discordances ; their value may one day more 
fully appear, and they are certainly supported by analo- 
gous though less varied occurrences in other Countries. 

The general order of their dates may be thus ex- 
pressed. 

1. Oldest, East and West, tin veins underlying to 
the North. 

2. East and West, tin veins underlying to the South. 

3. East and West, copper veins generally East 10° 
South. 

4. Oblique or contra copper veins, generally East 30° 
to 45° South. 

5. Cross courses not metalliferous, North and South. 

6. Copper lodes of more recent date and lend veins. 

7. Cross flukans or clay dykes nearly North and 
South. 

8. Slides in all directions, but generally East and 


West. 


The porphyritic and other dykes called elvan courses, 
are very generally divided by the veins, and seem to be 
of greater antiquity. 

Werner has observed this geographical relation of 
mineral veins, and Btates the two following cases. In 
the mining district of Freyberg are two classes of veins 
very different from one another. One of these classes 
consists of veins which run from North to South; the 
veins of this contain lead glance, black blende, iron, 
copper, and arsenic pyrites, quartz, and brown spar. 
This is the oldest vein formation. The second class of 
veins which always traverse the former, and are never 
crossed by them’, contains lead glance, radiated pyrites, 
heavy spar, fluor spar, and quartz ; they stretch between 
the sixth and ninth hours of the mining compass (East 
to South-East.) 

The mining district of Ehrenfriedesdorf, contains 
veins of tin and silver glance. The tin veins are 
always traversed by the silver, the direction of the first 
is between the Hixtlrand ninth hour, (East and South- 
East,) that of the last from the ninth to the third hour. 
(South-East, SouJh, South-West.) 

Another There is observed in some mining districts another 
geographi- remarkable relation of metalliferous veins to geographi* 
ca relation. ca j jj nes Though in the North of England, the most 
frequent direction of the veins be East and West, the 
miking districts seem rather to be ranged in lines from 
* North to South. The nature of this relation wiJl be 
more easily understood if we add that both in Cornwall 
and in Cardiganshire, where the veins are also most fre- 
quently East and West, Mr. J! Taylor has observed 
lines of greater productiveness ranging nearly North 
and South, across the bearing of the veins. These 
curious notices suggest the inquiry whether the lines of 
productiveness are dependent on any principal axis of 
dislocation or on the occurrence of cross courses. The 
former case seems to be vaguely indidated by the phe- 
nomena. in the North of England ; perhaps the latter 
mav be more applicable to Cornwall 


* Connection of Fissures and main Joints. 

The remarks on the joints of rocks in p. 548, 544, 
may be referred to as sufficient to show the importance 
of studying their direction in connection with that of the 
fissures of mineral veins. It is certain that in the 
limestone dales of the North of England, mineral veins 
are sometimes directed along the master joints of the 
rocks, also that in the slate* tracts, veins and disloca- 
tions range along the cleavage piunes of the slates. 
(Craven.) Dr. Bouse has noticed the same thing in 
the slate tract in Cornwall, and such observations will 
doubtless he multiplied. Mechanical considerations 
might have led us 'to anticipate this result; for the main 
joints* and cleavage planes would often be the lines of 
least resistance and yield more easily thu f n other parts to 
any eruptive or depressing force applied to the plsues 
of stratification. The direction of the master joints is 
certainly definite over large tracts of country, and if 
we should find eventually that mineral veins have com- 
monly taken the same course, their regularity will no 
longer be an argument against, but an additional evi- 
dence for the verticul movement of the masses. 


Relation of Mineral Veins to the Rocks which 
them enclose. 

The relation of mineral veins to the rocks which en- 
close them offers a wide field of inquiry, which has been 
much studied, and yet is very little understood. It is 
difficult to distinguish clearly between the accidental and 
the necessary association of the phenomena of veins and 
rock masses ; it is perhaps hardly possible at present to 
form a satisfactory opinion as to the amount of effects 
produced by causes acting from distant centres of force. 
We are in ignorance as to the subterranean operations of 
electrical and calorific agents still constantly going on ; 
and to these theoretical difficulties must be added the 
unconquerable impediments to accurate and varied ob- 
servation of the facts on which inferences are to be 
founded. Minute analogies of the relation of veins to 
the adjacent rocks would therefore at present be very 
unsatisfactory atid hypothetical, «>nd we must be content 
with the results which may Ife gathered from wide and 
general comparisons of phenomena on the grand scale. 
We shall confine the inquiry to metalliferous veins. 

i. Relation to the different kinds of Rocks. 

Considered as to their chemical nature, roek6 may be 
classed as calcareous, argillaceous, ailicious, and mixed ; 
as to their mineralogical characters, as unifprm.or varied, 
granular, compact, or crystallized ; as to their origin, 
aqueous, igneous, or pyrohydrqgenou^. Metalliferous 
veins occur more or less frequently in every one of these 
classes of rocks. In limestone, in argillaceous slute and 
shale, in quartz and sandstone rocks, and in rock* of 
mingled ingredients ; in uniform slates, and fragmentary 
millstone grit, in granular sandstone, compact limestone, 
and crystallized limestone and granite ; in sedimentary 
grits and shales, in pyrogenous porphyries, basalts, and 
metamorphic . conglomerates, The existence of mineral 
veins in a rock is therefore wholly independent of the 
particular chemical and mineralogical nature and pi qxi-* 
mate origin of that rock ; nor, when due allowance is 
made for the relative prevalence of the different kinds 
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of rocks, does there appear any reason to admit that*any 
, preference or more frequent occurrence of metalliferous 
veins in rocks of particular kinds can be traced, except in 
particular districts. 

There yet remains the inquiry whether certain 
fnetals are specially associated with or related to parti- 
cular sorts of rocks. In order to answer this question 
satisfactorily, we must not content ourselves with in- 
stances such as tin vqins and mercury veins, which occur 
ill so few localities as to be rather dependent on their 
geographical position than on their geological reposito- 
ries, but must cite veins of lead and copper, and dissemi- 
nated ores of iron and manganese. Hardly any sub- 
stance is more abundant in the mindhd kingdom than 
iron pyrites : it occurs both in veins and disseintoaied 
crystals or concretions ; and, in one or other of these 
stales, it is associated with almost every known rock. Jt 
occurs disseminated in limestone of various kinds, as 
primary limestone, carboniferous limestone, and chalk ; 
in clay slates, shales, and clays ; in greenstone, amygda- 
loid, and basalt. Veins containing iron pyrites traverse 
rocks of as great diversity. Copper pyrites is not dis- 
seminated through so many rocks as iron pyrites, btlt it 
occurs in veins which traverse limeKjoqe, sandstone, and 
shale, clay slate, mica schist, granite, &c. Ores of 
manganese are also very generally diffused through rocks 
of very different kinds. The converse is true. In one 
and the same kind of rock occur veins of copper, lead , 
silver, and tin. 

There are some metalliferous veins which traverse dif- 
ferent sorts of rocks, and give* us an opportunity of ascer- 
taining whether any differences in the contents of the 
veins correspond with the variations of the rocks. The tin 
veins of Cornwall sometimes pass through clay slate and 
granite; they produce ores in both. “A vein that has 
been productive of copper ore in the clay slate, passing into 
the granite, becomes richer, oV, what is more remarkable, 
furnishes ores of the same metal differently mineralized. 
If v\e pursue it furtherinto the granite, the produce of metal 
is frequently found to diminish. A change of ground is 
looked upon by miners as affording reason to expect an 
alteration for better or worse/’ Taylor, Report on Veins 

Remarkable instances of this relation are given by Von 
Dechen (De la Ueche, German Trans. 594.) The nume- 
rous veins which cross the steeply inclined strata of grey- 
wacke in the Liegen district, are metalliferous in narrow 
bands parallel* to the inclined beds of greywacke. The 
veins of the Kupferberg, in Silesia, bear ore only in the 
hornblende schist, and are impoverished in mica schist. 
At Juachirttathuf the mica schist is traversed by quartz- 
ose porphyry in veins, which, as well as the contiguous 
rock, hold pyriJes. The rothegang of Elias consists in 
mica slate *o flout n, and holds only urunite ; where it runs 
between mica schist, and a porphyry vein, and where 
it traverses the Itfller, ifs substance is a red hornstone, 
and it hears vitreous silver, native silver, arsenical-ko- 
balt, bismuth glance, kupfernickel, arsenic, and bis- 
muth; luft red silvfer, elsewhere abundant, is entirely 
wanting. 

In the lead veins of the North of England, which are 
situated in the carboniferous limestone tract, a singular 
dependence is observed between the contents of the vein 
and the nature of the adjacent rock. # The vein divides 
Jimeatones, sandstones, and shales, and these are brought 
variously into opposition by the dislocations which ac- 
company almost all the ydins. The v%in* is sometimes 
productive of le^d ore under every case of opposition on 


rocks. Where limestone, or schist, or solid sandstone Geology, 
forms the walls, its productiveness is at the maximum, . 
but generally it is contracted in breadth end impove- 
rished in its metallic contents, Wherever it is included be- 
tween walls of shale, and even where only one side is 
occupied by shale, the same effect is frequently observed. 

It would appear that the impoverishing influence of the 
shale is referrible to mechanical causes. In the same 
way as the shaleR in a coal-pit swell out from the undis- 
turbed parts to fill the artificial vacuities, so we taay 
conceive them to have done into the natural fissure u this 
will account for the contraction of the vein. In the pro- 
cess of crystallization, to which all the contents of u veii^ 
are subject, it seems conformable to analog^ to suppose, 
that the permanent walls of limestone and gritstone would 
permit a more early growth of spat ry and metallic crys- 
tals, than the crumbling edges of shale ; a supposition, 
perhaps, confirmed by the occasional mixture of shale in • 

the sparry mass of a vein, where it is “nipped,” as the • 
miners say, in beds of shale. There may be something 
in this due to electrical affinities, and we may perhaps 
apply the same supposition to the cases in Cornwall und 
Germany, quoted above, where the deposition of the ores 
is influenced by change of ground. # 

From some or all of these causes it happens in the Quantity of 
North of England that certain limestones are very much or \, 
mo;e productive than the others; in different mining 
districts, different limestones are thus favourably dis- i, m estone. 
tinguished, but in the country of Alston Moor, Teesdale, 
and Swaldale, the uppermost thick limestone is by far 
the most rich in lead. To prove this, aud at the same 
time to record a valuable fact, we may copy from Mr. 

J, Taylor s Report on Mineral Veins ( Reports of the , 

British Association , vol. ii.) the following statement of 
the quantities of lead ore actually extracted from the 
several sites of bearing beds in Alston Moor in the year 
18*22, according to the account of Mr. Dickenson ; we 
have added the thickness of the several beds. 


Limestone beds : — 

Thickness 
in yards. 


Great limestone 

.21 20.827 

Little limestone 

. . 2 

287 

Four fathom limestone. . 

.. S 

91 

Scar limestone 

10 

90 

Fine bottom limestone . 

. . 9 

393 

o 

Gritstone beds : — 



High slate sill 

.. 8 * 

107 

Low slate sill 

.. 7 

,289 

Fi restoue 

..ii 

*262 

Pattinson’s sill 

.. 4 

259 

High coal sill 

.. 4 

327 

Low coal sill 

.. 3 

154 

Tufl 

.. 3 

306 

Quarry hazel 

..10 

44 

N&ttruss gill hazel 

.. 6 

21 

Six fathom hazel 

..12 

576 

Slaty hazel ...... 

.. 4 

18 


Hazel under scar limestone 4 


287 J cwt. each. 


21.698 


2.36b 


24.053 binge. 


Whole produce of the mines'! 
of the manor, 1822 . / 

Upon the whole there is no sufficient evidence to show 
that the local production of metallic substances is in any 
special manner dependent upon the chemical.or minera- 
logical composition, or the circumstances of '.the forma 
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Geolotcy lion of the adjacent rocks, though in some particular, 
Ch * ttn ^» man y instances, we observe the aggregation 

0 f the substances in the vein to have been decidedly influ- 
enced by some peculiar conditions of the including rocks, 


Walls of a Frin, 

Alteration The walls or cheeks which form the more or less rle- 
of sub- finite boundaries of the vein present several facts worthy 
stance. 0 f notice. In some instances they are highly indurated, 
us if in contact with trap rocks, (North of England,) 
very often fissured, so as to break parallel to the vein, 
in others it seems as if certain sorts of rock (as clay 
$late, both hi Cornwall and Germany) were greatly 
softened, and even converted to clay, along one or both 
sides of a vein. Werner mentions the decomposition 
' of felspathic and hornblendic rocks for a fathom from 
the vein. We have also witnessed the fact of limestone, 
usually a blue or grey crinoidal rock, burnt, as the 
miners term it, that is converted to a brown granular 
crystalline rock. (Teesdale.) Another remarkable el- 
Slickeuside, feet in the walls is the production of slickenside, so long 
known in the mines of Derbyshire, which are situated 
in limestone, and filled with fluoric and barytic shales 
and yield lead; in those of Cornwall, which are in kidas, 
and with a matrix of quartz, and yield copper ; in the 
magnesian limestone of Yorkshire, where copper nr 
lead lines the limestone cheeks; and in the faults of the 
coal system of Yorkshire, where neither spur nor metal- 
lic matters occur. These and many other occurrences 
of rubbed surfaces along planes of fissures speak a plain 
language, and prove to the fullest conviction, the me- 
chanical movement, ol the sides of ihe fissure upon one 
, ' another, or upon the contained substances. The 

groovings of the surfaces, thus ptoduerd by rubbing, in- 
dicate, of course, the line ot the movement ; the ciicum- 
stance that the polished faces aie partially covered by 
lead ore, copper ore, <&c., as ihe nature of the vein is, 
proves, moreover, that the movement was, in such eases, 
posterior to the introduction of the whole or a part of 
the mineral impregnation, so that the same fissure has 
been, in such oases, the plane ot more than one convul- 
sive movement. We may, perhaps, eventually draw 
from examinations of this phenomenon, m connection 
with and apart from mineral veins, some decisive re- 
sults as to the time and other circumstances connected 
with the movements of the masses. How can the Geo- 
logists of Cornwall doubt the reality of those angular 
movements, which fiave left such clear evidence as the 
fine slickensidcs ,of some of their veins of fissures? 
We think with V 0 H 1 Dechen ( German Transl of De la 
Beche's Manual) that any other than the received ex- 
planation adopted ubove is impossible. 


This rela- 
ti6n evi- 
dent. 


, 2. Relation to the different A ges of Rocks. 

• There can be no doubt of the fact that the loci) oc- 
currence of metallic veins is in a very great degree 
dependent on the relative antiquity of the rocks in the 
district. It is in the primary, transition, and carboniferous 
strata, and in the igneous rocks associated with them, 
that all the veins in Great Britain are worked. In a 
few instances veins of small value, producing lead and 
copper, pass tiirough the magnesian limestone, but not 
a single example is known of a true metallic vein in the 
oolitic, cretaceous, or tertiary strata, The connection of 
metallic v*ins with the older rocks is not an accidentu' 


coincidence, but a constantly rc . ,.ng phenomenon, Geology 
and the absence of such veins from the newer strata in Mu 
England cannot be resolved into any circumstances of 
Ihe geographic.*! position of these strata; for both around 
the metalliferous slates of Cumberland and limestones • 

of Derbyshire, the new red sandstone formation is ex . 
tensively spread in contact, and yet not one lead or 
copper vein occurs in it. Any one who should confine 
his attention to the British Isles might infer that the 
causes of the production of mineral veins had been 
almost wholly inactive ever since the carboniferous epoch; 
and as a general expression, this may apply to the Con 
t incut of Europe, though both in the Pyrenees, and 
around the central «gi am tic tract of France, metalliferous 
\ ems, ..apparently originating in these rocks, traverse 
strata of the oolitic and cretaceous systems. 

It must here be remarked, that both in Great Britain Th« «anu- 
and throughout Europe rock veins and basaltic dykes relation ob- 
are in the same manner abundant in the primary and 
rare in the secondary and tertiary strata. This is one 
of many general analogies tending to substantiate the 
opinion previously advanced upon more specific points 
of agreement, that rwk veins and dykes, and metalli- 
ferous veins, form two parallel series of igneous products 
developed during' I He same geological periods, by the 
same general causes, acting under different circum- 
stances upon different materials. From all our previous 
investigations, we have been led to the conclusion, that 
in the earlier geological periods, the chemical effects of 
heat and mechanical effects of heat were more con- 
spicuously exerted ; and if to this we join the considera- 
tion that all the disruptions by winch igneous rocks 
were put in contact with secondary ami tertiary strata, 
must have been experienced by the older strata, from 
beneath which the expansive force originated, we shall 
be able to perceive why the primary are so universally 
and the secondary and tertian strata so partially enriched 
with mineral treasures and diversified by rock dykes. 

As an example of veins of more recent date, we may \erj ns.' 
quote Von Dechen’s notice of the veins* of Jouchnusthal. dem veins. 
In this case the dykes of basalt and wacke which divide 
the mica slate are themselves cut U) rough by the mineral 
veins. These dykes are variously connected with great 
overlying masses of basalt which break into the brown 
coal formation. It is therefore evident that the silver, 
arsenic, and kobalt ores have been thrown into the veins 
at a later epoch than that of the brown cted tertiary de- 
posit at the foot of the Bohemian Erzgebirge. 

Werner appears to have been strongly impressed with 
the belief, conformable to his general theory, that vein 
formations might he classed as to their ages by mere 
examination of their component substances. When veins, • 
even in distant Countries, contain the 8(tmc 1 ores auu 
vein stones, and when these are urrunged in the same deter- 
minate order, he concludes that Alley belong to one and 
the same general formation. Illogical und hazardous 
generalizations are frequent among practical men, and 
1 are too often introduced among the valuable facts re- 
■ corded as a basis for Werner’s Theory of Veins. A 
prudent reasoner would scarcely venture to trust an 
inference for time upon data which indicate only definite 
l chemical action , even in u limited district, and it must be 
withtfsome distrust that we can admit Werner’s eight 
principal vein formations in the mining field of Freyberg ; 
because he does not state expressly that his inferences 
r concerning thfir relative antiquity were based on obser- 
vations of their intersections. 



GEOLOGY. 777 

tt 


GeoJoffy. This follow lug abstract of the account of these rfght 
< h ilil 4 of veins will show the kind of description which 

vvTTerT should always be given of mineral veins. 

»y»- "The first and oldest produces abundance of argenti- 
iuiiJii. ferous lead glance. It consists of coarse granular lead 
glance with from one .and a half to two and a *half 
ounces of silver per quintal ; common arsenical pyrites ; 
black blende in large grains ; common iron and hepatic 
pyrites; sometimes little’ copper pyrites, and a little 
sparry ironstone. , The veinstones arc ch icily quartz ; 
sometimes a little brown spar; rarely a little calc spar. 
These substance^ occur most generally in veins ranging 
from North to South. 

The second .yields lead very rich *in silver. It con- 
tains lead glance large and small granular; *bluck 
blende in small grains ; iron and hepatic pyrites, and a 
little arsenical pyrites. In addition, dark ml silver ore, 
brittle silver ore, white silver glance, plumose antimony 
ore. The veinstones chiefly quartz, with much brown 
spar and often calc spar. The veins range South and 
South -Wt ( j st. 

The third yields lead glance with one ounce of silver 
per quintal, much iron pyrites, a little black blende, and 
red iron ochre. Veinstones quniyZ* sometimes with 
chlorite mixed and surrounded with clay. Veins'iauge 
N nth and South. 

The fourth viehblead glance with one-fourth to three- 
fourths of an ounce of silver per quintal, radiated pyrites, 
m:d ‘sometimes brown blende. Veinstones heavy spar, 
floor spur, a little quartz, and rarely calc spar. \ cins 
range Hast and Went. (To this system Wet nor boldly 
refer- the veins of Derbyshire, the Harz, and also lho.se 
of (Sisltiff m Scania *) 

The fifth consist of native silver, silver glance, and 
glance cobalt, sometimes with grey copper ore, lead 
glance t ich in silver, tine grained brown blende, and 
sparry ironstone. Veinstones, heavy spar in a state of 
disintegration, and lluor spat, ft always occurs in the 
interact/ on * of the first and fourth systems. (North and 
South, and Mast* and West.) It sometimes is found 
even in the middle of the Westerly veins. 

The Mxth contains native arsenic and light red silver 
ore; with a little orpimeut, copper nickel, glance cobalt, 
native silver, lead glance, yon pyrites, and sparry iion* 
stone. The veinstones are heavy spur, green floor spar, 
ndc spar, and a little In own spar. Occurs in the inter- 
sections of thHmtrth und filth systems, or m the middle 
of veins. 

The seventh is of ted ironstone, with a little iron 
glance, qu.»rtsr,* and heavy spar. Occurs in the upper 
parts of veins. 

* The eighth ahd newest is of copper pyrites, mountain 
green,, midachilo, and red and brown iron ochre, with a 
little quart/, and fluor sppr. 

* , 

ft. Relation to th e threat Centres vf Igntou* Action. 

Our investigations lead directly to the inquiry, how 
far the geographical* occurrence of metalliferous veins 
is connected, as that of rock dykes is known to he, with 
the eruption of igneous rocks and the mbvementH of 
* fluid masses within the Globe ? 

* Satisfactory evidence on thk subject can be obtained 
iu two ways : l. By comparing metalliferous and lion- 
metalliferous districts of old strata in^heir geographical 
delation to igneous rocks and convulsions. 2. By com- 
paring the relation to igneous agency of live locally me* 
tulliferous newer strata 

- VOL. VT. 


The older rocks are not by any, means universally 
stored with metalliferous veins any more thau with rock > ^ 
dykes. Very I urge tracts in the slate roojes of Devonshire In ol(ley 
are nearly devoid of metals, but near the granitic masses n^kg, 
of Cornwall they are abundantly supplied with veins. In 
the vast districts of Wales the slate rocks yield copper 
and lead chiefly along the Western borders of the Prin- 
cipality, where the local centres and axes of elevation are 
situated. Amid the Cumbrian Lukes, lead and copper 
veins adjoin the granitic, hypersthenic, and syenific 
axis of Carrock, Skiddaw, High Pike, &c, They occur 
near the porphyries and traps of ilelvellyn ^and Old 
Man, but the greater portion of the slates, far removed % 
from the foci of disturbance, are devoid of mineral 
treasures. 

In Scotland, metallic veins adjoin the granitic nucleus 
of Stroutian. 

The mining tracts of the Harz, the Erzgebirge, Hun- , 
gury, Brittany, and other localities are convulsed by dis- 
ruption and diversified by the mtmsion of granitic and 
porphyritic rocks; the Ardennes mountains, which yield 
few veins, dev elope liudly any igneous rocks. 

The carboniferous limestone tracts of Mendip, Der- 
byshire, and Flintshire, of Wharfdale, Swaledale, and 
A histone Moor, have been shaken to pieces by many 
convulsions, and they are very rich in lead, zinc, and 
calamine ; but the greater part oi the Yorkshire and 
Northumberland limestones, affected by only one or a 
few general elevations, are poor in metal. 

The newer rocks are metalliferous only in the vicinity j n ucwtiI 
ol the foci of their disturbance, as round the central gru- rocks, 
nite of France, near the igneous masses of the Pyre- 
nees and the Alps; in all which places, the metallic ores * » 

are so related to the igneous rocks that they occur only 
in a narrow zone at the junction of the igneous and the 
alt i red stratified rocks. (Observations of Dufrenoy, 

Von Buch, <Sr,c.) 

As tioili these methods of comparison lead to one re- (, i.clu. 
suit we may veutuie to adopt it; and the more readil)*” 11 * 11 * 
because, in preceding sections, we have found the geo- this subject, 
graphical situation of mines to be related to the eleva- 
tion of the ground, and the metalliferous strata often 
identical with thn-e in which rock veins abound. Never- 
theless ue must not shut our eyes to some decided differ- 
ences heMwen tin* situations of dykes and veins. For 
instance, the Island of Amin is traversed by hundreds of 
dykes of basalt, porphyry, and pitchstone, but metallic 
veins mo almost unknown there; Aklstone Moor is dis- 
sected like a map by veins of lead ore, but very few whin 
dykes occur there; on the contrary, infXorthumberland 
ami Durham whin dykes abound iu the coal tracts where 
lead is hardly known. It is, besides, too remarkable a 
thing to fyo overlooked, that South of the Yorkshire 
Swale hardly a whin dyke or porphyry dyke is known 
through the metalliferous tructs of Derbyshire, Somdr 
selshye, and Flintshire, This contrast is the more, 
remarkable m the country about the sources of the 
Tyne and Tees, because there basalt has been erupted iu 
vast quantity, and at its Eastern termination appears 
related to several dykes of great extent. Tins mass ot 
basalt is traversed by the veins in the same manner as 
the limestone is, and we may, perhaps, hazard the spe- 
culation that under (his tract of country lay* at one time 
melted basalt, and at a subsequent time the metallic ami 
mineral combinations which (ill the veins. Will it be 
thought too great a atretch of fancy to attribute this 
change of the igneous materials erupted in the same 
5 i • 
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Guplogy. tract of country to movements in the internal nucleus 
«F the Globe not isochronous with the rotatory velocity 
0 f solid superficial crust ? 

Electricity of* Vqins. 

The direction of electrical currents at small depths 
below the surface of the Earth, is a subject on which 
theory is at present silent, and which has only recently 
Mr. Fox'* beeu proposed for observation. The observations of 
«xperi- Mr. Fox in the mines of Cornwall and Devon and 

iiientn. North Wales, are still the most important of the Kind. 

4 * Mr. Henwqod is engaged in further inquiries. As far 
as appears at present, the interest attached to the solu- 
tion of this question belongs more particularly to Elec- 
trical Science, and, perhaps, both chemical and thermal 
disturbances of equilibrium may be concerned in the 
effect These currents may be due to local causes. 
Mr. Taylor very properly observes, ( Reports of t fir Bri- 
tish Association , vol. ii. p. 18.) that by the very act by 
which we gain access to a vein we lay it open to at mo 
spheric action, and eonseq uently to decomposition. 


Chemical agency commences, and with it, very naturally, 
galvanic influences are excited, Ve&a containing’ ores 
little subject to decomposition have, Ha apprehends, been 
found to give little or no indication of mis nature* 

Mr. Fox appears to think that the direction and in- 
tensity of the currents which pass along the v^ins may 
be so related to the position and quantity of .metallic 
matter, as to give reason to hope for some direct useful 
application of the results to the An of Mining* But the 
novelty of Mr. Pox's experiments, and the connection of 
the currents with mineral veins, led some Geologists to 
adopt the very hasty conclusion, that the production of 
the. veins was iqpinly owing to such currents* It is 
very probable that electrical currents have really heen 
concerned in the distribution of metallic ores both in 
veins and rocks, for when is this agency absent from 
any great chemical phenomena? But to conclude, 
without any intermediate steps, because mineral veins 
are channels for electricity, that they have been pro- 
duced by electricity, is the same thing as to ascribe 
to electrical currents the construction of the galvanic 
battery. 


CHAPTER IV. 


GENERAL INVESTIGATIONS AND INFERENCES. 


, Section 1. 

* 

On the Consolidation and AW ration of Stratified Rocks. 

In a preceding section we have seen the effects pro- 
duced by the Plutonic rocks upon the strata which they 
penetrate ; effects which suggest to our minds so vivid 

f u impression of the action of heat, that even m the ab- 
erice of all other arguments from facts, we could not 
refuse to allow'* that those rocks had been local centres 
of heat. The independent evidence arising from the 
composition of the rocks satisfactorily confirms this 
inference, and permits us to apply it in circumstances 
when the actual proximity of igneous rocks cannot be 
ascertained. These effects seem to Ik* reducible to 
several cases, depending on the degree of heat commu- 
nicated, and the substances operated on. 

Effects of 1. The consolidation of stratified rocks is exemplified 
* Plutonic on in the induration* and contraction of shale, and in the 
stratified developemeut of new faces or joints in it T which sometimes 
rock *‘ meet one another rhotnboidally* and sometimes follow 
the columnar relations of the adjoining basalt. 

> 4 2. The partial fusion of some part of the substance 

of* a rock, so as to conglutinate its grains, and solidify 
. and harden the whole mass. Thus sandstone con- 
verted to a granular quartz rock. 

8 . The complete fusion or vitrification of the rock ; 
thus converting shale into Lydian stone and sandstone 
into a kind of jasper. 

4. The complete fusion and consequent rearrange- 
ment of the particles into granular or crystalline forms, 
as in the instance of common chalk in Ireland, common 
limestone in lydrkshire, the Isle of Sky, and Carrara. 

5. The generation of minerals not before existing in 
4 a distinct state in the substances affected. The production 
. of pyrites, asbestus, anthracite, plumbago, garnet, &c. 


along tin* contact of igneous and aqueous rocks, is a 
very characteristic and general effect w hich appears to 
result from the actual transfer of the metallic and 
other matter through the solid substance of the rock, in 
virtue of electric attractions which may be Considered as 
imparted by the heat. 

If Vim Huch’s notion of the impregnation of rocks 
with magnesia in the vicinity of augitu' trap rocks should 
eventually he substantiated, it must be considered us* a 
remarkable example of this electric transfer* 

f). The sublimation of some portion of the neigh- 
bouring substances. Thus /lie charring of coal, the 
dcsulphuration and the debitumenization of shale, arc 
very directly connected with the heating power of tltf? 
igneous rock, but it is probable that sonV* peculiar con- 
ditions were required for such effects in the submarine 
depths, where most of these operations were performed. 

The almost universal coincidence of convulsive dislo- 
cation of the strata with eruptions of piutonic rocks, 
seems enough to prove their common dependence upon* # 
one pervading cause of internal movement. I*n thpsame Rulatwi of 
manner as the modern earthquake precedes the eruption igwi'm 
of lava, so the ancient convulsion preceded the injection 
of piutonic rocks, AIbo precisely as in the present day convu ^ 
the earthquake shakes ^Countries far removed from vol- 
canic centres, so in more ancient "periods many tracts 
were convulsed but not filled, at least near the surface? 
with melted rocks. As far as at first appears, the com- 
mon dependence of the two orders of effects upon one 
cause, is merely to the amount thaS the mechanical * 
transference of melted rocks has been effected by the 
same internal pressure which dislocated the strata; 
whatever occasioned the pressure, and whatever was the 
cause of the ftuMity of the rocks. 

Various mechanical inodes may be ^nerfved, by which 
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«o^h frwBiHre rrmyhave been occasioned, and various 
wHI ikfm a«att*ned for the production of melted .rocks, 
end ibeae may be wholly distinct from one another ; but 
the t&hibHion of these rocks along the lines of convul- 
skua can only be ascribed to the same mechanical cause 
which produced the convulsion. A 

The chemical theory* t>f volcanos, advocated in the 
preceding pages, assigns a single cause for the chemical 
phenomena, and for the disturbance of the external crust 
of the Earth ; and title same simplicity is sought for in 
one modification of the theory of an internal heated nu- 
cleus ; but ft may possibly be more correct to assign 
separate causes for the production of these effects. 
Judging merely from their relative frequency and geo- 
graphical extent, we might be led to assign much wore 
extensive agent4es to the production of convulsions than 
to the elevation of igneous rocks. The whole area of 
the dry land has been subject not. only to general eleva- 
tion but to partial convulsions, several times repeated 
under the same spots; but igneous rocks arc less 
universally, though certainly very extensively diffused. 
This distinction* however, loses much of its force when 
we consider, first, that plutonic rocks become constantly 
more and more abundant in comparison to the number 
of convulsions as we descend towaMif the base of all 
the strata ; secondly, that though the effects of convul- 
sion might pass through all (he strata to the surface, and 
thus relieve the inequality of pressure, the melted mutter 
from below could seldom penetrate the narrow and con- 
tused and cold passages left among the fractured strata* 
to an) great elevation; ihirdlv, that rocks of igneous 
ongui do really underlie the whole series of strata. 

Upon the whole we may safely admit* that igneous 
tanks ha\e been in a state of fusion beneath ».hv strata, 
either simultaneously or successively, in all or nearly all 
pans of the (ilobc. and that the elevation of these has 
been always accompanied by convulsions, Instructed 
hv the, discovery of the effects of these rocks upon ad- 
joining substances, we may now proceed to Inquire into 
(crlniu phenomena, of much more extensive occurrence, 
but of nearly a similar character, and yyfnch appear due 
to the pervading action of heat upon stratified rocks since 
their deposition. 

On reviewing the series of strata iri relation to the 
degree of their consolidation, it is impossible not to per- 
ceive that this increases continually with the age of the 
itK*k ; so that, ,^iken us a group, the primary systems of 
gneiss and clay slate* with nil their modifications, are far 
more consolidated ‘ban the other strata, while the ter- 
tiary strata ^are the least indurated of all. The same 
result is obtained by more minute comparisons of analo- 
gous rocks* the slates, shales, and limestones of the 
primary sefies* with the shales, and clays* and limestones, 
and tii&rls of tlie secondary and tertiary strata. A plau- 
sible cause for this, seeing to offer jtself in the greater 
pressure to which, it may be imagined, the lower strata have 
beeu subjected ; but tins is not sufficient to account for 
the whole effect of consolidation, and is directly negatived 
by the numerous joints and fissures, which indicate lateral 
rather than vertical contraction of the .strata. The lowest 
strata are, besides, not merely in a high state of conso- 
lidation ; some of them, as primary limestone* display 
in a most decided manner that crystalline structure 
which results from heat; others, as ch^ slate, are fissured 
vn such ; a.way as is known to have been locally occa- 
sioned tly the heat communicated frorp igneous rocks; 
others, as quartz rock, show clear proof of (raving under- 


gone, if not actual fusion, st least sttfch aoj* _ 

the gratae as can bi?''’pfo<lii-<ase(ii The 
conclusion from 'all this is of i for a* 

these rocks are of almost universal occurrence below ell 
the other strata, and their characters are not inferable 
to the local proximity Of igneous rocks, we are assured, 
taking into account the ‘subjacent granitic r^ks, of the 
almost universally pervading influence of subterranean 
heat. 

It is impossible at present to point oUt exactly ttye Alteration* 
amount of chunges which hav e been produced on Jthie of primary 
primary strata by the general and continued eommuni- 
cation of heat from below ; because, with respeejt to some 
of them, it is difficult to feel very confident *of the pro- V 
cisc state in which they were deposited by water. With 
respect to gneiss, for example, which is in some cases 
almost identical with granite,* in other cases approxi * 
mates to sandstone, it is hard to say how much of its t 

granitoid character is due to subsequent metamorphism ; » 

because we have no certain means of knowing the de- 
gree* of movement to which its ingredients had been 
exposed in water. Yet when wo consider the bedded 
and laminated character of this rock, and observe that 
its constituted! minerals are mostly in a fragmentary 
state, ami even when united into a dense rock, are not 
crystallized with regular external forms, we seem to un- # 

derstand that the rock has been solidified by a species 
of irtiperfect fusion at the edges of the constituent sub- 
stances, winch, carried to extreme, would huve recon- 
verted the whole to granite. 

Similar remarks apply to mica schist, which, on the 
one hand, varies to gneiss, and on the other to clay fd ate; 
and it is observable that the fusible mineral garnet* 
which is known 4o have been generated at moderate # • 

heat* in contact with trap, is very generally intermixed 
with the lam imp of gneiss and mica slate, (p. &62.) 

Among clay slates of every degree of fineness ol Of clny 
grain, the action of heat is chieffy evinced by the extreme slate, 
condensation of the argillaceous substance ; by the regu- 
larity of the system of fissures ; by the interspersion of 
crystallized pyrites, hornblende, &c. ; by. the frequency 
of segregated quartz veins. Perhaps these hitter occur- 
rences may be due to local causes ; but the systematic 
fissures and cleavage of slate is a general fact, which is 
most striking in the deeper parts of the deposit, and ’ 
gradually vanishes upward. So long as the basis of the 
rock is very fine grained, the cleavage structure will 
pervade it, and even cross 1 ami me of very coarse matter; 
but w hen the basis is altogether ‘coarse, as in grey- 
waeke slate, the cleavage vanishes, end is only indi- 
cated by numerous fissures, dividing the rock into 
rhomboidal masses. Jn a given tract of country the 
planes of cleavage have one prevalent direction, und the 
systepi of "fissures appears also definable in direction. 

The general horizontal direction of the cleavage planes 
in a purl of the Cumbrian mountains is West North-West, 
vrfnctt is exactly that of the great Craven fault, (GwL’ 

Trans. New Series, vt.l. iii.) 

It is usual and probably correct to consider the syste- 
matic fissures and cleavage of slme us a kind of crystal- 
line structure on the largest scale; the angles of inter* 
section seem, however, to be assignable ouly for very 
small distances, and they vary in different strata of slate. 

Something like polarity must perhaps be'' supposed to 
account lor the constancy of the direction of cleavage. 

It does not appear (hat the heat imparted fo the pri* * 
mury strata has been always sufficient to destroy the 
b i 'J 
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<ta logy, organization of shells or even plants, for shells occur hi 
Ov IV* tl|^ j^te# ofTinlagel and in Snpwdon, and lie between 
gneiss beds in the Fichtelgebirge and Erzgebirge, and 
wrts noticed by Von Buch in the dolomite Pear Lugano. 

A long continued and pervading rat her than a very high 

f hoot seems beat to account for the phenomena. In the 

neighbourhood of igneous rocks, indeed, the local 
changes are of rather a different description. 

If we rise to the contemplation of the carboniferous 
system we shall be able to trace in the generally high 
state of induration of the sandstones, shales, and lime- 
stones, hnd in the frequency, systematic direction, and 
^ continuity of the joints, clear evidence of the action of 
heut. But’ yet we perceive that these effects of heal are 
not nearly to the same degree as those in the primary 
strata. A simple proof of this is afforded bv the lime- 
stoneof Tcesdale which is a hard rock, but which, where 
» it touches the basalt of that country, has been subjected 

* to nearly the same change as that observed in primary 
limestone: it has become crystalline. The shales are 
also altered. The upper portions of the slate system in 
Shropshire and Radnorshire, where that system is im- 
mensely thick, show the same changes. 

« Decreasing The etfects of general heat continually decrease 
heat*in°* am °ng A |c superior strata of the saliferous, oolitic, and 
n ^ w cretaceous systems, and seem almost wholly lost in the 
strata. tertiary strata. It is chiefly to tins graduated effect of 
heat that we may ascribe the distinctness of the rooks in 
different parts of the series. Thus to lake the calcareous 
rocks, we have a gradually changing series proportioned 
to their antiquity, from crystalline primary limestone, 
through highly condensed earbonitemus limestone, to 
, compact lias, concretionary oolite, iimrly chalk, and 
' lacustrine marls ; among sedimentary* deposits there is a 

series from gneiss through the hard sandstones associated 
with the carboniferous limestone to the sands of the oolites, 
chalk, and tertiaries ; and another horn eleavnble slate, 
through jointed greywacke slate, hard coal shale, com- 
pact red marl, and clay of the oolite, chalk, and ter- 
tiaries. There is properly no sand, clay, or marl among 
the older strata; indurated shale, hard giiMone, and 
solid limestone are of rare occurrence among the 
younger. 

It does not appear that the occurrence of ironstone, 
pyrites, gypsum, &t\ in detached masses among the stra- 
tified rocks is to be considered as in any direct or exclu- 
sive manner due to the influence of heat, but rather to 
the oidinary foi a ces ff of molecular electric attraction ope- 
rating during or after the deposition of the mingled 
mass of matter.* The spar veins in septaria have un- 
doubtedly been idled since the concretion of the clay 
balls, and for the transfer of the calcareous or siheiotts 
matter we must appeal to the same processes which have 

• * filled the cavities of shells and many cracks ih limestone 

n^cks with the same materials. No doubt in these 
* . . effects an elevation of temperature might modify and 

perhaps accelerate the results, but if would he ridiculous, 
at present, to adopt Dr. Hutton's notions on some of 
* these subjects. 

Effects of The preceding examples show clearly the effect 
Heqt on the produced on strata by the action of heat since their 
of ^ stf ta n deposition ; there can be no doubt that the same power- 

* 0 a fuf agency njusf, especially in the earlier eras of Geo- 

logy* have preatly influenced the manner and circum- 
stances of their deposition. On this, subject, however, 

4 we have /not at present much to record, and that little is 
, wholly* confined to the primary series of strata. There 
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is one leading fact often connected with the stratifies- %<*Wy. 
tion of gneiss, mica schist* M: pefctom repeated ^ 

in chlorite schist and clay slate, which seem* wholly nta - n 
explained by the direct action of Wat upon these strata. 

The contortions of the laminae of tHe^e rocks are Very • 

revrurkable, and seem evidently coeval With their first 
formation, though in some instances Dr. Macctillt^h 
t Links they arc most numerous where quartz veitofr pe- 
netrate the rock. These contortions nmy, perhaps, be 
understood by comparing them with some analogous 
cases iri laminated sundstonc, where the undulations and 
confusion of the Imninie indicate agitation in the water, 
if wc allow that the water in which gneiss and mica 
schist were fortified, was heated to a great degree by 
conttfot with or proximity to the sources of subterra- 
nean heat, the agitations of the ebulliefit liquid might, 
possibly, give to the strata then forming under it the 
very peculiar character of minute and irregular undu- 
lations which so otten belong to these ancient rocks. 

Another thing apparently characteristic of the mode of Deposition 
deposition of the primary strata is the isolated condi- ofhmr- 
tion of the limestone* which interlarninnte the schistose 8 * uuc * 
rocks. How different in this respect sir? the detached 
often lenticular primary limestones of Scotland, and 
even the transition limestone of Devonshire and Wales, 
from the regularly continuous calcareous beds of lias, 
oolite, and chalk ! Is it not very probable, that some 
local efflux n 1 gases or the mflutnce of local centres of 
heating agency, have sometimes performed the same 
effects as coral animals, and determined to particular 
points the extremely limited decomposition of the wean 
water which undoubtedly was the source of the limestone 
deposit i 

Section 2 . 

On Disturbances of (he Strata. 

The introductory observations m p. 540 to 54 H nmy set ve 
as a inundation tor the following mqif.i ics into the effects 
and causes of subterranean convulsion ; and the remarks 
in p. 571, 507, (ilO, (i31, <>57, ()fi8 may be read in con- 
nection with the preceding si. ebon of chap. iv. and the 
whole of chap. iii. This great subject may be care- 
fully considered in four divisions. 

1. The geological periods of convulsion, 

2. The direction of convulsive movements. 

3. The effects of convulsions in altering the relations 

of land and water. 4 

4. Effects on the deposition of strata t aud* on organic 
life 

• * 

Geological Period* of Conmtlshm** * 

In order that our statement Jf resets on this import- Proof* of 
ant subject may be as much as* possible free from oh* cynvub 
jeetion, it will be convenient to begin by fixing what Blwn * 
phenomena are to be taken as propf of the occurrence of 
convulsions, and what method is to be followed in wwigii- 
ing their place in the scale of geological epochs. , When . 
strata, originally level* or nearly so, have been raised to # 
high angles of inclination ; wheu bedy, originally con- 
tinuous, are found to be broken asunder, and tlwjir m*pa- 
rated portions pla^d in new relations of position, one 
port ion being raised or depressed, or both deranged; when 
layers, origitmll^plane, ere fqund to be Wmt intotttfMftrvti* 
nary curvatures ; in all these eases the conclusion js imune- 



that convulwoTis have happened »n the very points 
^ * v \ where »w?h phenomena occur. The only question Which 
* - ^ / *"* > ean arjue, Supposing the actual position of the rocks well 
ascertained, respects the certainty of our postulate of 
f tbelr former position. Persons who have read old 

«bOttk«» but have not studied natural phenomena in^ this 
point of view, may be>Spt to suppose that, under parti- 
cular circumstances, strata may be formed at high angles 
of Original inclination. Those who have looked more 
iwrrowly into the matter, and have been instructed by 
Mr. Yates's observations cm the positions assumed by 
earthy materials fulling in air and in water, may be led 
to extend the judiciously limited inferences of this author 
to cases where they will not apply. ^ For very limited 
areas, and in extremely troubled waters, the mountain 
torrents, or tlrfi surf of the ocean, tumultuous deposits 
of sand and pebbles happen, in which the lamina? rnny 
be inclined at considerable angles, and co\er one ano- 
ther confusedly. On this account it seems not unne- 
cessary to reexamine the basis of our argument, and see 
whether it will bear the weighty superstructure wc de- 
sign to lay upon it. 

Kxinnina- 1. General experience assures us of the gem?ral fact, 
<»«» of the that it is a characteristic effect of agitated water to depo- 
foiNibtii the ^ what sediment falls slowly from ft ih the form of strata 
aiguineiit, upper surfaces* continually tend tn become hori- 

zontal. This is seen in inundations from a river, in shal- 
low and ruffled lakes, ami within the low-water margin of 
the sea. The form of the bottom influences the lion- 
zontnlily of the upper surfaces of the deposits in such a 
way, that where the bottom is like a pit, the stratified 
masses above are hollow on the faces ; but these effects 
of the original inequality are rapid!) obliterated by suc- 
cessive coals of sediment, all becoming more . rid more 
nearly hoiizontal. 

2. In perfectly tranquil water, through which anv fine 
sediment is equally ditfused, the depth to which this will 
cover any part of the bed depends on the depth of the 
supernatant water, and on the ungh of nut ni waUr of 
that kind of nodum'itt; The tf/zg/c of rest in air for 
earthy substances is about 45°. 

8. If a liver bring sediment into agitated water, this 
will deposit it in strata tending to become horizontal, 
but with a constant dependence upon the point, where 
the river enters, such that, the quantity of sediment 
being there always at cumulating, a geueiai conical slope 
"therefrom iu#II diiectious will modify the horizontal ity 
of the strata. 

4. If a river bring sediment into calm water, or into 
water suddenly deepening, so that all its lower parts 
may be considered as calm, the conical slopes from the 
* jioirit where tlx; liver enters will be much more abrupt 
* than in the former ease, in a certain proportion to the 
calmness and depth of the water. This Mr. Y ates finds 
to be the casein the deep lakes which receive the 
abundant sediment ut the boisterous torrents of the Alps; 
and, in consequence, we are furnished with a key which 
will ultimately open many curious results in ihe arrange- 
ment of sedimentary deposits. (See p. 707.) 

On cdhsidcriug these cases with reference to stratified 
1 .rocks, it is evident that instances coming within the class 

of conical deposits radiating round a point can only be 
of very limited occurrence, not likely to affect a general 
argument, su)d are, in fact, almost ^unknown. f I he cs- 
* * tfutry deposit of the Weald of Sussex shows no such 

structure; it cannot be traced in the^Yorkshire estuary 
coal field ; nor is there any tnsntbn of it in any lacus* 


trine deposit which hee lwh desiccated and exposed to Wwlogy 
our observation, It is wry doubtful Whether it can be 
recognised hi any marine formation, and certainly it does 
not dearly apply to any class of marine deposits now in 
progress ; at the same time we most', admit that, in all 
cases, tlie action of the. sea growing less and leas sensi- 
ble far from shore where the water deepens, the sediment 
brought by rivers and floods must bo formed m attenu- 
ated masses, thickest, towards the shores. This effect 
will be evident in exact proportion to the falling velocity 
of the particles in water, so that pebble beadles may* lie 
in steeper slopes, and cover shorter breadths than sands, 
while fine clays will spread further into deeper water. 

(Seep 709.) But all these slopes in watir are verfl* 
gradual, so that even against the rocky Eastern coasts 
of England, the deep waters have been filled up by 
sediments, which now assume a gently declining sur- * 
face under the water, and a moderate slope above it. 

For all the purposes of our present course of argil- j)i r ,. r j 
incut we shall therefore assume the law of original proofs of* 
horizontal itv. or very moderate declination of the planes lucal cou- 
nt* widely vxfvndM strata, as amply supported by every vulsion ' 9 \ 
needful proof from careful and scrupulous observation. 

Hence fioui adequate observations of the position of strata 
we can tell whether they have been altered in position 
or not by convulsions operating in those situations 
precisely. 

•Another class of appearances indirectly marks the Indtaitioua 
elicit of convulsion, either on the spot oral some distant ufcuuvul- 
point. When we find traces of a sudden and complete swU8 » 
change in the whole course of the aqueous deposits, so 
that the quiet deposition of argillaceous or calcareous 
strata is interrupted and preceded by a tumultuous aggre- 
gation of pebbles, we know that there has been some ac- * > 

ce*>s of agitation to the water. This may, according In cir- 
cumstances, have happened from a periodical or accidental 
change in the drainage of the heightmuring land, or 
from some extensive change of the relations of laud mid 
sea. The latter cause may be reasonably adopted, pro 
vided that we find these indications of agitation very 
extensive, and provided that in some balances there be 
proof of the formation ol local conglomerates following 
upon local convulsions. The latter requirement is found 
to be satisfied in many instances, and of the former it is 
easy to judge. One more indication of some distant 
convulsion affecting the relations oi lanrl and sea seems 
to be afforded from the rare case of the occurrence of 
one bed of marine shells among a vast abundance of 
fresh-water estuary deposits, (see *p, 591.) without any 
local unconformity of stratification. 

Such arc Ihe phenomena to be taken as proofs of con- 
vulsion : the most important are those which* distinctly 
establish the precise localities of the disturbance. Lotus 
now examine into the mode of argument by which the 
geological epochs of these disturbances are to be 
established. * 

Hi all investigations concerning the period when an’ HoVto de- 
event happened, we may consider the result completely tmnme*the 

obtained, when the limits of maximum and minimum *'1 )L , 

. * . , , , ii cenviAsain. 

antiquity are known as precisely as the data allow. 

In geological inquiries, the answer is always expressed 
in terms of the scale of relative antiquity of the stra- 
tified rocks, and a convulsion is fixed in geological j 

time, when it can be shown to have happened after the 
deposition of ope stratum, ami before the deposition ot 
another. If the strata which thus limit tip? period of * 
the convulsion be consecutive terms ol tjje* series ot 

s 
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deposits, the most precise attainable result is obtained ; 

these limit ms strata be not consecutive, the age of 
ibe dislocation is known only withm a given range. An 
eitunph of at cm ate determination of the geological era 
of a convulsion is afforded m the North o( England* 

, where the newest of the Coal strata are found to be 

dislocated undei the oldest ted sandstonjes ot the sail- 
feicm** system Instances of less precise deterinnra* 
lions aie common enough tor example, m the Mendip 
lull « the dislocated mountain limestone is covered by 
ujchatuibcid oolite, and, as tar as this observation goes, 
the com ulsion may have happened during any part ot 
die long pound occupied in producing the coal, red mail, 

4 and Iras st t a* u. In this cast, however, bv tracing the 
line ot the dislocation to othei localities, other stiata are 
found to be so related to the limestone, as to the geolu 
« gical date of its distiii haute within narrower limits 

li the dislocated stiat.i he not actually wen covered 
4 bv otlieis which aie undistuibed, another set ot data 
must be employed It n »\ tnppen that around the 
disturb d rocks some mwu Miatum spreads m such 
a niannei a to give sufficient reason to com hide that iL 
was deposited siiut the yiuiod ot the convulsion This 
f is, in most parts, all that ( m be observed with respect to 

the ml mail around i haruwood forest, and it would 
be salishutoty tvidence that the slaty rocks ot that 
distuct vvtie upraised htloic the puiod ot the new led 
*rnd tone, uni m fact, we have louud instances when 
the red mill doc 1 * n ally cover with level beds the broken 
edges of date 

If no hoii/onta! or undisturbed strita be visible m 
nn\ pait of the dmlocitid ti ic 4 cithci in siqjei position or 
rn jftiviaposff ion, the limit ot It antiquity vanishes, 

, *' and we are in dinger of nn igimn^ too modern u dale 

loi the couvulsun, it the mwei members ot the rhslo 
tuhd group oi strati be concealed, (litre is (linger of 
ast riling too high an antiemity to the cr avulsion 
It will be prudent to exclude all such < iSts horn the 
argument tin others seem to be unobjt etioiulm 
(Mfituna-* There is yet another point ot view ot much importance 
t » tht <}i to the foMowmg i lusligittons What wu have unmd 
lilt limit oi gn *ttst antiquity mirks clearly the com- 
j h jiletion of tht convulsion, but the progress of geological 
mferenu his thought us u> tin point ot nquuiug inloi 
(nation vvhetler tlic disturUuicts wen* very rapidly 
tlfcctcel bv one oi \ tew Midden and violent ellorts, or 
operand slowly by Mil-ill an i graduated movements 
V cording to the former view, the whole imouiit ed the 
dislocation was efbefed in so short a time th it this may 
bt itgirdtdas nothing com; and to the long periods 
occupied nthe deposition oi tht stiata, according to t lie 
inter, life disturbing agones might be at wuih dining 
tht who\, or some long p irt of the period of the* lortna- 
, 4 turn oi the di located strata, but teased when their 

foirnHim wv*cnmphU This is not a mm Mihtiltv 
or fiecdh s lefim merit it is very impoitmL to know 
which is the trie doctrine we believe it can (k a*<cr 
“ 4 tamed, for all ins mets while the facts can l»c deirly 
known , and fhnu„h it wool i be premature to make any 
exclusive assertion tht gene tal process oi Nature may 
be satisfaclcuU inferred. 

] ultl Proceeding from the dearest indications on tins 
• subjer t toward** those which are less easily interpreted, 

wo may remark in the first place ih \i those dislocation** 
commonly knowh by the name of 1 faults' in the HtraWi, 

1 (p 541 ) which break (he continuity ot the Iwis along a 
cwaiu pknfc or fissuie, and ekvnte or depress one side, 
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plainly declare themes to be the result of single con- G*>w 
vuWve movements* % be aattofied of this, nla^He 
enough to contemplate a diagram nf tto ejfecta, pi l 
fig. 5, 7 ; but actual inspection of the phenomena wifi 
leave no room for doubt that the whote mm of dieted . 

cated struta was put into its present relation^ not by % 
repetition of small and gradurf movements, but by 
sudden and violent agency. A repetition of small 
movements thioqgh the whple vast thickness of strata 
could not fail to bieak down those* clearly defined walla 

01 the fissure which so generally exist* especially among 
the harden locks, and leave the fissure filled up with a 
contused aggregation of alt the substances on ita aides, 
instead of a clear ^ace foi the subsequent admission of 
span y and metallic matter, oi regular traces ot the 
movement ol these faces on each other. ♦ 

Tin* extent ot dislocation to which the name of fault 
accurately applies is extiemely various, the difference of 
level thus occasioned being sometimes a few inches* m 
many 100 feet, m others as much as 200 yards. 

'I his makes no difference ui the aigument, but it serves 
to imtk out in vny clear characters the degree 
ot joue excited in each case it is remarkable that 
those dislocations which make the greatest difference of 
level, range through the greatest lengths ot country; 
so Hut the nine t\ -fathom dyke, ho named tiom the 
ob->u\td i \tent o( Us disloi anon, ranges from the Eastern 
Si i across ih« whole bicadtii ot Northumberland, and 
uitam disl ic itions in \orkslme have ranges ot ten, 
twenty and Unity milts in om straight line 

As (ar as we know the gnatei portion ot the eonvul- Griut <1 *- 
Rive movunents, whose piodnctiou we are now mvesti- huati n 
galmg, win uccoinplisiicd by means of u funks.** 

There art some very i vtuisive dislocations w hu h usually 
reu lu and n iy perhaps doerve tht* same epithet, but 
which, lor the pui post of oui preseut nrguimnt, wear a 
somewhat ddkrcut uspcct One of the rnostniagn heent 
ivumphs ol dislocation m Kuropi is that gland hunk 
n< arl> along tin line ol the \\ esiern l uirkt of Ihnliam 
and Aoiksliue, from in \i Ibamptou llrough and 
Kiikliy Sujihui to ncti Kiikb> Loiwi de, tht « <K c 1 of 
which is to throw down to the Yv < M, ulutivdy, the 
stiatu of the caibonilucus s stern more liian 1000 
vards tlnopgli a lengtti ot 70 miles An axis of slate 
locks iis ( , alone' the line <f. traUnre, which ih *«dso 
pirtially maiktd l>y dvke** of greenstone (Jn the West 
the beds dip at Ingn angh v to the Wc^, on the East* 
they decline gcnMy to the East No proper plane or 
fault tnuabh m this case of ciu imouA disi option, 
owing to tbv < ucuinstaiites of the countiy, and we mn*5t 
have recourse to other considerations to'arrive at aatis- 
factory lufeieticcs concerning the time employed m pro- • 
duemg it. % • 

in the first place we may remark, that tfiiH line of dis 
t ii i bam c is cut off to the Noith by uiuety fathom 
dyke, and to the South by the Craven fault; and (here ih 
every probability that it i« actually continued along the 
lines o! these fault* to u direction ng(U angled, or nearly 
so, to its own course. It this be so, and the whole is one 
complex dislocation, we may surely tom hide ntiat the 
middle poition* even if not of the same age as the ex* • 

tremes, was produced in tlu* same manner 
Ag{dn, the numerous faults oi an ordinary character Kefafiunaf 
which cioss the country io all directions between thee^ faults tu 
great line# of convulsion, seem evidently related to and iP £ ‘'* 0 *V f 
dependent upon them; a remark which receives corro- vu * on> 
boiation from dmny other parallel inquiries. Ammigst 
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Gsriottf* ibew faults it is possible, perhaps, to distinguish'two that they seem to refer themselves to stable and violent 
Oh.lv, periods of disturbance, the older one marked by a movements, but where, as in the Weald of Subsox, the 


Oiiolojry. 

Ch-lV 


Inference*. 


direction nearly East and West, which is that of most of 
the metalliferous veins, the other by a direction from 
• North to South, which is that of several whin dvkes, 
and some few lead-ins Perhaps these different 
directions may have taken their rise from the two 
directions of the axes of t convulsion which bound the 
district, » 

The connection, however, is sufficiently clear to war* 
rant our applying to those great axes of disturbance the 
limits of time by which the lesser faults are defined ; 
that is to »ay t in many instances nearjy coincident to the 
limits of uppermost coal measures and variegatejl new 
red fandstMie* 

. It is apparent, therefore, that the evidence winch can 
he collected on the subject of the simple dislocation 
Of the planes of the strata, points to uolcnt internal 
movement, occupying short periods of tunc for the 
accomplishment oi the phenomena. There seems to 
lie no mark whatever of gradual or many times repeated 
efforts 

Some cases of disturbance, however, are of a compli- 
cated nature, and muy probably beriennd upon further 
examination * ♦ require the admission of many repeti- 
tions of violent movements and pressures on the same 
region. Such arc the extraordinary retroflexurcs of the 
calcareous strata adjoining the Alps, the retroverted 
dips in the coal fields of Somersetshire and Belgium, 
and the flunks oi the Malvern lulls. It is not, how- 
ever. easy upon any suppositions to meet the exigencies 
of these difficult cases. 

What aie usually Cdlhulantielinal axes of elevation, must, 
likewise, be considered ns yielding insufficient evidence 
concerning the length of time elapsed horn the begin- 
ning to the end of the disturbance. In some cases, in- 
deed, the dips on either side from the axis are so steep 


movements, but where, as in the Weald of Sussex, the Gh. W 
appearances along the axis indicate that theta the din- 
turbance has been moderate, while toward the sides it 
haw been extreme, the breadth of the country being con- 
siderable, there weemfe oh a first view no very good reason 
for coming to a decision at all, ns to the prolonged or 
transitory nature of the convulsing agency. 

There is, however, an indication worth pointing out 
for the future guidance of obseivers on this braneff of 
the inquiry. If we imagine that during the deposition 
of any class of strata, an anticlinal axis m formed so that 
they are gradually uplifted and converted tq,dry land, we*# 
may be sure that all the strata would be found to grow 
continually thinner from either side toward the axis of 
elevation, at which line they would become evanescent. • 
Very few' instances cun be quoted where many strata 
arc actually seen to be continuous over the anticlinal * 

line. The Isle of Wight, the elevation valley of Woorl- * 
hope, (O' col. Abstracts ) the Hampshne and Wiltshire 
chalk, and some remaikable cases m Swisserhnd, seem 
to be, how< ver, sufficiently in point, and no traces of 
such a diminution are there observable. 

Upon the whole, then, there is a want of proof that the General 
disturbing forces were exerted through long periods be- conclusion* 
neatli a given region, so as by many small and uprated ,* 
convulsions, all operating in the same direction, to give 
the effect of one great dislocation. On the contrary we 
may believe, that the time was veiy limited during 
which several of the great dislocations and axes of dis- 
turbance assumed their respective character. Yet, 
owing to the difficulty of the investigation, the question 
must in many instances* be left wholly undecided. * $ 

The following Table shows the geologic d penods of 
muuy remarkable convulsions in Great Britain, and the 
places where Borne of the most considerable effects me 
manifested. 


Localities of some ot the Plteumuuu* 


a) ISmUxI of the fauvtilwiony l.lUi In ti »ii-<L Localities of atmie ot the PUeiiomcua. 

l)iti mg deposition, of th* alntet lfioductum oi aigiffaccmw consume- 1 Derwent Water Cumberland 

«ynL*i/i j rate* f * 

Porphyry and greenstone find trappean | Grasmere in W e&tmnulaud, Uadnoxslunv Here 

* toiigluruL’iatcs / turd shirr, &c 

\iirr tins Cumbrian slates and ho- \ 4 , , . . , j The Giam pniiiH, JLaTnniernitnrfc, Cu mini an 

for, «h, aubuiuleruu. . . I 1> “ ,urbld P 1 * * * * * 0, ‘ ll0n l’""""* ,0cU ‘ ‘ I mmn.Ums! Ji \\ ole,. Ucrjoun chain, He 

, , ?. Production of old rod conglomerates. . The Highland Border, Cumbria, vVc. 

During the oarboiuieious penml . .. Mat me bed among ebtuary deposits . . Yoikthire 

Before the ltd) ace ul locks oi thev M ( hi all coal (hfetucts of this en, both in Eu- 
an! dor oils system taken gene- > U . U , s & j rope and Amoim; Charnwood, CrobsteU 

rail. I .... 1 d l ke * an,t vom “’ ttu “ ,luul1 ttxes ’ &c - l fault. C.aven fault. 


-\ftcr the Cumbrian slates and be- 
fore the cailxmi luroufi system . . 


1. During the carboiuieiouH period . Man ne bed among estuary deposits .. Yorkshire 

Before the aduiceui locks oi the \ w , (In all coal disturb* of tins en, both in Eu- 
an! dor oils system taken gene-> um ^ roua s & j rope and Amoimi Charnwowd, CrobsleU 

rally ! . . . . i d l ke * tt "‘ l vom “’ alltu lu,al Kc ' l lauit, C.aven fuuh. 

a , During thtvsahforoua period * Production oi in Wired colighmierates . North of England, North of (term any, 

_ . „ . . .. , „ „ * in i ,ui/ l\ f\ork*hm\ Mend in lulls, 1 y nemmith ca/»tle> 

l. AJtei, or during > the gaUforuiul Vc,u« ol load, &c. Groat or DO-lathum | ,. 4m „ \, ot( i Br .,i (; u „ lt) r,au grout/, 

> d y kl> \ i Kukby Stephen ) 

» { l T nconformitv« Kelloway’s rock in j 

P JDurmg tho oolitic period ^ contact with the lower oolite group VCave, Yorkshire, (p. b31 ) 

» [ exchulmg the upper poi (ion J 

. Afte.thvalrt.cJa.nod { jv-WnreVnlds. I>o ree W„r« dlib. 

„ ( Estuary deposits. Pebble bed. of lowc. f In the Wealds of Kent and Sussox, Lincoln’ 

2. * green sand ..... 1 shire. Ishi of W ight, &c. 

During the chalk period * * 

«. *Ai*ter the chllk period Pebble beds, wasted surface of chalk. . Hertfordshim. \ ale ol lhames. 

After the London clay ........... Vertical strata l«d<i of H-sgbt. 

3 Marine deposits between hicustnue beds Ditto. 

yj ] . j i4 Tho Essex aud Norfolk. 


The ftomatf numerals are applied in the above 
lilt to all periods where couridurubk* movefnents 
# are traced in tiirect effects of dfatocatam and uncon- 
* formity ; italic numerals to those paaes where a change 
in the nature of the water over give if regions seems to 
result from a riistant convulsion ; and smalt letters to 


mark the occurrence of the mo»t remarkable periods of 
conglomerates. .» 

The next Table presents the result of^ more extended 
survey of direct*convul&ive effects on the Continent and 
Islands of Europe. , 
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ChflV'? 


Ko. k PtmcxT^f tb* 1 Convulsion* Effect* not „ \ Lodaiitte»<tf wme of tU<* Pt»wwB«M»» 

•jA| | Suftffu the old ntd fttotaton V , 

?« \ Before the new red sandstone .. . I Immennc Oi»ruution» and faults of l 

{’. d,’ B. J »*«* the ^hftodtoUegw.de . . . { the coal .y.tora f C “ wd ^ U*fl« of *• *Nfffc 

l. Before the reclwtem . | ^ U *; f } Wertphali., 

e. Before the new red KHwUtone . Immense dislocations and faults . . . * Vtmgee, and Black forest. 


III. 

E'. «le H. 

rv 

7 . 

. KdeB. 

V. 

8 . 

E. dc B. 

VI. 

9 . 

E. de B. 

VII. 

10. 

E. de B. 

VIII. 


k 43yolr»(ti«rtl PerUtfof tbo Gg avulsion 
ftoftfu the old red ffumWane • . 


l>. Before the Jtechstein 

c. Before the new red sandstone 


Effect* noted* « ■ LodaOtio» of wmo of the Pbenonten* 


f Immense dislocntionB and fault 

\ coal strata 

Immense dislocations and faults 


Before the lias. 


Mountain ridges of eechstrin, &c Thuxingerwahl and Bdhiiiervrald. 


Before the lower green ewid. „ j A ^, ,"’ d distort,:d str,ltft of ooUtic } Cevetme., (perhapr the Kreffe- 

Before the uppermo.1 chalk Mt. . { Munt V.»o, Devolny. . 

Before all the tertiary rocks. .... Elevations of chalk and green sum] . . Pyrenees, Northern Apennines, the More** 


v JU. ) 

10. V Before the nagelHue Detached ridges f ort»ica t Sardinia, Auvergne. 

2* de B. * 

11. | Before some diluvial beds Newest tertiaries uplifted | ^^IiuH^ltanc ^ ^ e stern Alps, Diablerets, 

} ^"uvial'bHkT^rr }s° R,e diluvial bwls comulaoil | thC A,p ® ^ th ° Valm * 


KUe'de 
Beaumont's 
wanerali un- 


it is to M. El if do Beaumont that wc owe the im- 
pulse which the study of the periods of geological dis- 
turbance has of late received, and he is the principal 
authority for the construction of the preceding Table* 
M. de Beaumont makes twelve distinct systems of con- 
vulsions which arc supposed to have happened ut as 


many distinct periods, but we do not tinrl sufficient evi- 
dence to substantiate the division into five systems, of 
the first and second of our Table. The following is IX* 
Beaumont’s view of these five systems including applica- 
tions in Great Britain for comparison with the details of 
our first and second groups. 


Geological Period of llie CoirwiUion*. Et!i*ctis notnil Diraiitic* ot www* of the Pliononicoe 

SuppoM'4 to be during the 0*|xi»i.l w ; m „, lnU j„ chain* 1 0««|j»-^ mHip, ttowdui Corn- 

tion of the slate, certa.nl) ante- tran.it inti lunette { 7“* «“»*««*. ^ 1 “ u >'“»• »*■<« »< Man, 

nor to old red saudstom* I { Angle*»ea. 

Posterior to the grevwaeke skit*\ 1 (ircat faults nfTvcling transition lime- ) Devonshire, South <>flrriuttd ( Bocage int'alv*- 
uuterior to old red sandstone. . , j stm.e, and anthracitic slates f dos, South-West border ot the Vosges. Bar* ? 

Alter the coal strata and ctntnmlyl Immense disruptions and faults ot the 1 From Derbyshire to North ttmberland along the 
before Tothefodttdvegende I coal I Western border of Yorkshire, Malvern. 

A 'w IwirtUn : T. UMy . , U ';} n “'° WwtpMia. Belgium, Men,!.;), South W*tan. 

After the cuttl strata, ccrtniul) he | Greiit ()i(jrupjions , | Vo . s p" ni “<* tr " m *“ 

fore the hunter hands' em ....J 1 | ftiajtntv. 


Direction of Convulsive Movements. 

Ehe i ,r It ib impossible to make many observations concern* 

Beaumont's iqo* faults and other dislocations of the strata, without 
hypothec, i )C i lJ£ r strongly impressed by the fiict that they commonly 
follow certain straight lines through a country, every* 
where producing! analogous mechanical movements. 
The length of then* courses is often so considerable that 
oite great dislocation defines the physical geography of 
a district. It has been long known that in mining Conn- 
( • tries the faults take parallel directions, and sometimes 

two or more systems of dislocations, crossing in certain 
. anjfles, were found to he of different antiquity. That 
dislocations were in some respects to be compared th the 
• * effects of earthquakes was also well understood, but no 
one before I)e Beaumont appears to have carried his 
notions of Ihfe coincidence between the lines of convulsion 
and the direction of the great physical features of the 
Globe, so far as to venture on the construction of a ge- 
t neral systewn This excellent Geologist believes that 

there is a conlt&ttt dependence between the direction of 
the dislocation, *and the geological epoch of its occur- 
* rence, such that all the dislocations of the same age are 
parallel* ter* one and the same great circle of the sphere; 


and that, in most instances, dislocations of different oges 
are parallel to ditlerenl g.eat circles which intersect one 
another at assignable angles. 

It will be readily understood that this general hypo-* How t» b' 
thesis is not to be tested by single or aiwtll dislocations, examine*! 


It must Ik? examined on a great scales by means of very 
exact and numerous data. It is not too mucji to assert, 
that in the present state of Geology, the facts known are 
not clear ami numerous enough to support this hypothe- 
sis; and on the other liand there are not facts fo warrant 
the unconditional rejection of it* It mufti bo looked hpmt 
as a first attempt in a new field/asa general taation car- 
ried to extreme; but it is certainly founded on m- 
portant data, and in several instances agrees well with 
observation. The principal difficulty of applying satis- 
factory tests to its consequences, arises from the uncer- 
tainty of the exact date many of the most characteristic 
convulsions. We cannot positively (ell whether ilie dislo- 
cations of the Grampians and JLemmcrmuire, which take 
parallel courses, were geologically synchronous pr not, be- 
cause the beds dfalqcirted are not thesame^ Even in the 
case of the great fAiilf s which followed upon the earbotrife-* 
the genlpgiCal epochs of their 

oedurr^nee *'**& inn vague fpr -the. «*f «uch * 


ft.ut U‘>ti*<L 
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\ the least antiquity, Rothetndteliegende and magne- 
sian limestone cover uoccmfcrrnably the ooal of the 
North of England* and thus define the date of the con- 
vulsions ; but in the South of England these are of rare 
occurrence* and often entirely wanting, and then the 
new Ted sandstone above the coal gives only a vague 
approximation to geological time. 

At present these arc irremovabte difficulties* We can 
then, with strict propriety, only examine the question of 
the dependence of the direction of dislocations on the 
geological period, by comparing together, first, the direc-. 
tions of those dislocations which are ml known to«be of 
different ages ;'and second of those dislocations which 
are known to be of different ages. 

Dwwia- The first system of dislocations is vaguely limited as 
*' l,ot between some part of the primary strata and the 

Xr l ^ e earbonifemus strata. The direction of the 

^ 1 axis of elevation of the Ross mountains, the Giampiaus, 
and Lammermuirs, prolonged into Ireland, is North- 
East and South-West* This corresponds with frhe 
general direction of the slaty locks of Cumberland, the 
Isle of Man, North Wales, and Cornwall* of the Hundv 
rdek and Tnurius. But the direction of the Devonshire 
slaty roek.s is nearly East and West ; so is that of the 
South of Ireland, the Harz, the South-West border of 
the Vosges, and the Borage in Calvados. M, de Beau- 
mont thinks these two directions belong to two periods, 
the latter being more recent .This maybe true; the 
hypothesis is not destroyed by the discrepancy, but we 
must demand (dearer evidence of its tiutli. 

The second system is more accurately limited than 
the former, since the series of rocks dislocated is gene- 
rally more complete, and the undistiubcd strata are of 
nearly the same antiquity , Three prevalent directions are 
recognised. The first is nearly North and South from 
the course of the Tyne to that of the Trent ; it is parallel 
to the axis of the Mile of Ctwydd and to the chain of the 
Malvern*. The second is nearly East and West, in South 
Wales and the Mendip lulls, uud along the Tyne ; West 
North-West and East South-East in Eliarnwood forest ; 
West North-West and Ea,st South-East in Craven ; 
Ea*t and West in Belgium ; East North-East in the 
Miliey of the Meuse and Westphalia; North-East and 
South West, ordNorth-West and South-East in Shrop- 
shire and ttadnorshiie. the third is North and South, 
or North-West and South* East, from Basle to Mayenee* 
Some of fhes** cases of discordant direction occur 
along the same dislocation, as, for instance, the great 
Belgian axis of disturbance from Westphalia up the 
MeuwLand through France to Boulogne; in other 
cases the difference of direction may correspond to a 
difference of age : .but this has not been proved, and 
ought not to be assumed. 

ni.ioca- We may now turn to consider the relative directions 
ZmI “f dislocation* of different ages, M. de Beaumont him- 
self has found several instances of dislocations of un- 
eijmd antiquity following the name parallels of direction. 

• The North-East and South-West direction of the first 
system of disturbance k repeated in the fourth. (Seventh 
of De Beaumont.) The North and South ditentioi# of 
some dislocations of the second system (third of De 
• Iftaumoni) is repeated in the seventh. (Tenth of De 
Beaumont,) We shall add sottte 0horV^ f,c ^ l,ce6 * The 
East and West direction of ‘the 8outh*Wale$ coalfield is 
vot vt, # 


r r * j 

the same as that of the great fractures along the fate of 4 

Wight ; the great Cleveland dyk« r of 70 fades in length, ™ 
which cuts the* oolites, k nearly parallel to the older '+***+* 
elevation of Charnwood and the great faults in Craven* 

Again, it is a general law of most mining districts to 
have their ^principal * productive vein* running nearly 
East and West; and crossed by others North add South* 

Is it to be supposed that veins which m parallel are 
universally of the same age ? Is it not very well known 
that they are not so? 4 

These difficulties seem wholly insuperable in the jure* 
sent state of the Science, It seems not possible from 
elements so uncertain and confused to rise* byTa legiti- % 
mate process, to any Bound conclusion* at ‘once exact 
and universal in its application. Any hypothetical con- 
nection between geodesical lines and the directions of 
disrupted strata Appears liable to interminable difficulty, 
irom the excessive number and various direction of the' 
dislocations. Any line drawn through any Country, not * 
far removed Irom a great axis of disturbance, will be 
found more or less parallel to some of the crack* or 
faults which depend upon that axis. If, rejecting these 
minor phenomena, we limit our evidence to the great 
lines of mountains, the data are too few and too dis- 
joined for satisfactory induction. To show by what 
evidence M. de Beaumont has himself been Jed to adopt 
his hypothesis, we may abstract his onginal account ot 
two systems of disturbance, the one detailing minute, 
the other moie general evidence. 

Three small granite eminences in the C 6ie d'Or, near Seventh 
Sombernon, winch accompany the disruption of J ura °* 
limestone there, range in a line North-East and 
South-West, parallel to the summit ridge of the C/he • $ 

d'Or. The line of these granite points bfeing considered 
part of x geodesical circle, and prolonged in each direc- 
tion, is found to coincide with several lemarkahle geolo- 
gical accidents or disturbances. In the North- East, for 
instance, it coincide* with dolonutic Jura limestone 
and steep dips at Suxy, between Langres and Dijon, 
with the hot springs and magnesian niuschelchalk of 
Bourbonne les Bains, with the basaltic* eminence of 
Esscy, Smith of Lunoville, and with the granitic pro- 
tuberance of Albersweiler* between Annwciler and 
Landau. 

Another line of disturbance parallel to the preceding 
is indicated* und it is observed, that from Paray (Suoneet 
Loire) to Plomlmres, (Vosges,) the great line of valley 
watered by the Bourbonne and tiaono is perfectly 
parallel. This line prolonged into Germany passes 
along the line of the valleys of the Ma$n and the Saab 
through Mittenberg to Leipzig, and is parallel to the 
Erzgebirge and Mittelgebirge. 

Now all these dislocations were probably produced at 
the same geological epoehf which, though interred from 
the general phenomena along the line, is determined 
more exactly in consequence of an extension of this . * 
system of faults by a sene* of parallels retiring to the 
South-East, till we arrive in the Department ot the 
Rhone* where the Jura Holes* one and chalk oexur toge- 
ther, the former dislocated, the latter undisturbed. The 
direction of these parallels of disruption is at Dijon* 

North* East and Sputh-West. In the Jut a a great num- 
ber Of undulation* in the strata range parullel to a line 
North 40° Bast, or North 45° East, u»d f being some- 
times filled with green sand deposits are clearly, of the 
same date as the other disruptions mentioned above* 

The insulated chain oi the Pyi cnees, one ofthe most 

b K • 
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re *»*Mnbto In Europe, forms the base of the ninth systeth, 
Cb, IV. ^ SJkjiy observations prove that the chalk and green sand 
n»e here uplifted with the primary rocks, < but Uit? later 
tern at «e tortitopy deposits He level against their slopes, and some 
Baauittoab were deposited from a sea which washed the base of the 
already elevated mountains. The general direction 
of the chain, from Cape Orlegal in Galicia, to Cape 
Creuss in Catalonia, is a little "South of East ; but this 
general chain is composed of partial ridges whose axes 
ard parallel to one another, and directed West North- 
Weft and East South-East. 

This direction belongs to the disturbances of the 
r f same date it) Provence and near Nice, and is recognised 
in the Apennines, at least in the Northern part, and in 
the Country of Naples, and along the South shore of 
' Sicily. The South-Western boundary of the NUgelflue, 
in Swisseriand, appears to correspond with the Pyreneo- 
( Apennine line, as do likewise the Dalmatian and 
Croatian summits, the valleys of the Save and the 
Brave, the line of the Rhodopean mountains, and the 
ridge which crosses the Straits of the Bosphorus. 
Similar directions seem to be traceable iri Greece; and 
as far as the evidence yet collected goes, the date of the 
elevation of all these chains is the same The Carpathian 
range, parallel to the Dniester, falls into the same 
- system with a small line of granitic and svenitic rocks 

along the Elbe near Dresden, and the mean courses of 
the metallic veins of the Harz. 

Extending his views, M. do Beaumont finds some 
traces of the Pyrcneo-A pennine system in Africa and 
Syria, in the Caucasus and the Ghauts of India; hut the 
imperfect state of information concerning the Geology 
. * of these Countries renders the inferences concerning them 

of less value than those which relate to the North 
American mountains. On prolonging the Pyreneo- 
Apennine circles across the Atlantic by lleela and Green- 
land to the New World, we find ii descend parallel to 
the Alleghauies and their Northern connections, which 
have determined the form of the Eastern shore of North 
America ; and, as appears by the statements of Trans- 
atlantic Geologists, were probably uplifted between the 
age of the chalk and the latest ot the stratified rocks. 

Such remarkable accordances of epoch and linear 
direction, over so enormous a length upon the surface of 
the Globe, cannot, saysDe Beaumont, be the result ol 
chance, but of a regularly acting internal cause. Those 
who admit the generalization, usual!) imagine the effects 
to depend upon pfcnodical fractures of the crust of the 
Globe through the cooling of its interior, so that the 
crust contracts convulsively with lines of fracture paral- 
lel to some great circle of the sphere. 
t Relinquishing for the present any further atiempt to 
t Srv construct a general system of relation between the age 

wy* and direction of dislocations, toe may still find it useful 

td inquire what laws of direction belong to dislocations 
’ ■ in a limited district. * 

The remarks already made, pp. 548, 544, 597, 598, 
and in the Section on Mineral Veins, will render it un- 
necessary hem to do more thaif state a single case of the 
parallelism of trap dykes, which has been furnished by 
Archdeacon Verachoylo, in the North-West part of Mayo 
and Sligo. (Proceedings of the GeoL Soo, 1888.) He 
describes n(t less than eleven basaltic and amygdaloidal 
dykes, which* fn a apace of 11 $ miles in breadth, tre- 
1 verses c the Northern part of the district in a nearly 
East and West direction, and cut through all the forma- 
* turns from the gneiss m the carboniferous limestone 

: . t , , 
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One of these dyke* he traced between 60 end 70 wiilefe, 
and believed it might be followed much further to ' the « 
Eastward. Two of the dykes are crossed by others 
having a North and South direction. J 

m y* 4 * 

* Direction ofth$ Strut#* , u 

It was long since remarked by Mitchell, that the di- MttcfaeJh 
ruction of the strata in any rqgwm wqs generally parallel ***** 
to the ranges of mountains ; a truth of great importance 
in the modem system of Geology. The prevalent range 
of the strata in any Country must,, however, depend 
partly upon another circumstance, vix, the original line 
of the Ocean boundary. In many parts of the Globe the 
mosUprevalent direction of' the stiita is observed to be 
North-East and South-West. Humboldt was so attack 
with those loxodronuc lines ;r. Eurojx?, that he says one 
of his principal inducements to visit Equinoctial America 
w as to examine the directions of the strata there. He 
has furnished evidence that the parallelism Of the strata 
to the great lines of mountains, is a general law of Nature, 

M. Necker, in a communication to the Swditb d'lfi#* M. Nerk- 
toire Naturetle de Geneve* has shown a very unexpected «r> mf**N 
coincidence over large portions of the Northern hemi- 
sphere, of the direction of the strata, and the curves of 
equal magnetic intensity, as traced by (’optaiu Sabine. 

One of these cuives, that of 297 seconds, traverses 
Scotland in a direction North-East and South-West, 
which is exactly that of the strata; it keeps the same 
direction by Christiania in Norway, where, according 
to M. Von Buch’s observations, the strata trend North- 
East and South-West, and pass through Sweden, 
where, according to Hihinger, the same direction of 
strata predominates. On arriviug at the Gulf ot Both- 
nia the magnetic curve turns North-West and South- 
Emt, which, according to Strungways, is the direction of 
the Southern border ot the Swedish and Russian granite. 

The curve of BOH seconds enters Europe by Lisbon, 
and pusses houth»West ami North-East through the 
Spanish Peninsula, which is nearly /he line of most of 
the long Sierras between the great rivers ; it passes by 
tile revenues, and goes parallel to the Alps m their North- 
East course to the Tyrol, but there turns South-East, 
as do also the lines of stratification through (Jariuola, 

[stria, Croatia, Dalmatia, am! Ute Morea. Parallel to these 
are the Carpathian mountains. The same correspondence 
between the magnetic curve and the lines , q 1 strata is traced 
through the Crimea and alonfc the Caucasus. 

In North America the maguetic iurve and the strafifi- 
cation range North-East and South-West along the 
whole Eastern coast; in the Rocky Mou/itains both extend 
from North North-West to South Souto-Eoftt : in Mex; 
ico the magnetic curve takes the parallel of the Cordillera * 
of Anahauc North-West and South-Eisb and Ganges 
along the South coast of N©^[ Spai*a, Further to the 
South the curves resume their course North-East and 
South-West, which, according to Humboldt, is the di- 
rection of the strata in Venezuela, and between the 
Orinoco and the Amazons. The mighty chain of the 
Himalaya, which in Nepaul bears North-West and 
South-East, and turns North-East at the North-East # 
extremity of Bengal, i» parallel to tl)© curve of 897 fte- 
cnitda which Was first noticed. 

These remarkable accordances deserve the attention of 
Geologists* who must always receive with Particular grati- 
fication atty,*emitts tending to connect the general facts 
Of toe contraction of the crust of the Earth with the Uw* 
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of i\m distribution of terrestrial magnetism, electrify, 
and temperature. 

. of €onmhiom in altering the Relation* of Land 

* \ * and Water. 

The submarine origin of the whole stratified crust of 
the Earth being admitted* and the actual elevation o 
these rocks above the sea ki the existing continents being 
known, fit fa required to determine the several geolo- 
gical periods when different* parts of the solid land were 
raised above the waves. It is usually taken for granted 
that this effect has been produced by the several systems 
of convulsions which h uve impressed angular move- 
ments upon dislocated portions near the surface of 
the Earthy and thus raised some portions and, perhaps 
depressed others. That this general impression is fre- 
quently well founded, though it does not embrace the 
whale truth, will appear from the simple consideration, 
that the whole configuration of the dry land, whether in 
islands or continents, is dependent upon the direction 
and elevation of the chains and groups of mountains, 
which were certainly elevated, at various assignable 
geological epochs, above the ancient sea. 

It may be asked how is this ascertained? The mere 
fact of those mountains being convulsed, and the strata 
therein thrown into angular positions, does not seem to 
prove that the region was elevated by such action above 
the level of the sea, nor, perhaps, that it was uplifted at 
all ; since it rnay lie imagined, with some theorists, that the 
neighbouring parts were depressed, and that the general 
level of the Ocean has been lowered. Jn answer to this 
we may proceed to show that the effect of the convul- 
sions was relatively to raise the convulsed p^rts; that 
these parts were in several instances elevated above the 
seaat assignable periods; ami that these effects were 
independent of any imaginary depiession of the general 
level of the Ocean. 

That the effect of convulsions has been, generally, to 
raise the con vu Iked parts will appear shown by consider- 
ing what is the focus of the disturbance and the direc- 
cunvujtion. tJon n f t . lUfr ^y 4 The mountain chains and groups 
are most certainly the foci of the disturbing forces ; for 
as we pass towards them, from all sides the number and 
force of the dislocations continually increase, ami the 
declination of the strata grows more and more violent. 
The direction* of the diatui btng tnree is by the same pro- 
cess of observation clearly discovered to he vertical or 
nearly so, and outwards from the central regions of the 
Earth. was an expansive force, which employed its 
principal efforts along certain hues aud about certain 
% * centres, then* breaking aud bending the strata m the 
bigkeat* degree, but also lifting them up on all sides 
amumi As fur as wj can judge, this elevation of the 
mountain choinf and* groups was generally unaccom- 
panied by any neighbouring depression, for the inclina- 
tion of the strata for the most purl gradually subsides to 
a gentle slope, and finally vanishes in nearly horizon ml 
planes. Jn the mountain chain itself, various and sud- 
denly reverted dips may be met with corresponding to 
* . the violent of the disruption, but by a careful btudy 

of the exterior slope* the general tendency of the am* 
vulsioU may be dearly deciphered • 1 

The data will tot, however, by any mean* give 
* ns right tb conclude that tin* mountain* so uplifted were 
raised above the *6^ became, though m may know the 
absolute height of the vertical movement, tide will awl 
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us nothing in our ignorance of the original depth of the 
water. We must examine to fiee whether they bear on 
any part of their surface any trace* of those later marine 
deposits which spread around their bases* If they do, 
we may be sure they -were not elevated above the sea till 
after the data of the*e strata ; as for instance, ttofyAlps, 
which bear upon their crests portion* of oolitic, cretaceous, 
and tertiary strata, are thus proved to be of modern No- 
vation* Ifthey donot, and the newer marine strata anpdnd 
their bases have been deposited horizontally agaimt/ho 
slopes of the mountains, we are entitled to belief 
these had been previously roared above the sea. Thi* do*jtr 
elusion, however, it must be always borne in mind, doea 
not inform us correctly to what height they were roofed* 
above the sea, but leaves us to infer that they have 
since partaken of another movement by which these 
newer strata have been placed at their present ele- * 
vation. , « 

Tue facility of escape from many embarrassing con- specula- 
sideratious which a general depression of the level of the tiunf'oit the 
Ocean seemed to offer, was too tempting to speculators 
in Geology to permit them to inquire into its physical 
probability. The simple question of what has become 
of the vanished water was disregarded by Werner, and 
perhapb never thought of by his followers. It will not 
now be sufficient to press it into a subterranean abyss, 
nor to carry it off to other planetary regions in the tail 
of a comet ; we must admit that the quantity of water 
upon the Globe has beeu constant, or give up all pre- 
tence to philosophical moderation; and with this restric- 
tion upon our mquiries it becomes easy to prove that 
the level of the Ocean is confined within very narrow 
limits of fluctuation, ho long as the Earth’s axis and ro- 
tatory velocity are supposed invariable. If the level of 
tb<- Ocenu be expressed either by taking its mean depth, 
or the mean radius of its surface, this level may be sup- 
posed vai table by reason of any local convulsive move- 
ments of the dry land or bed of the sea, any change of 
dimensions of the whole Globe, or any alteration of the 
mean temperature of the water. First of temperature. 

If we take the mean temperature of»the Ocean at the 
Equator 81.5 F. its temperature at the Poles 0.0 V. on 
Lhe surface, and at some depth ( d) 81.5 F. ; and 
suppose, in conformity with inferences from organic re- 
mains, that the whole surface of the Globe was formerly 
subject to a temperature equal to that of the Equator ; 
the Ocean at that period must have been defined by a 
longer radius. # 

Tile expansion of the Polar waters, supposing them Variable 
to have been fresh, would be at the |>ur face only ttf the withchwe 
extent of 4°.0, because at temperature 0°.0 F. fresh water tempeu. 
occupies nearly the same «pjce as at 77°.5 { at nearly e * 
half the depth ( d ) it would expand through 42°.75, at 
the depth (d) nothing. Average expansion sx 22° 4 

winch corresponds to of the depth. If we suppose 

d to be 10,000 feet, the Polar expansion 54 feet. 

But 0 we suppose the water to have been salt, the ex- 
pansion at the Polar surface, from 0^.0 F. to 

81 5F. & ■££ -2L sst -ih 

* Am 20 $000 44 

of the depth ; aud at other latitudes t 

’ tts i tat. Aud feet ss 228 feet, 4 

£4 ' * 44 , • 

which wofild give a mean rise of the Ocean te 76 feet # 

&k 2 . i 
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. It is evident that such fluctuations of level, however 
real, are not adequate to explain the desiccation of large 
' tract* ofl and. 

What might be the effect of a general change of 
dimensions of the Globe, through variation of its own 
temperature. » s beyond our poierof investigation, be- 
cause we do not know in what ratio the solid and liquid 
parts of the Globe would alter their dimensions.* 

Wc may, however, consider the effect of a general 
change of dimension of the nucleus of the Globe, suppos- 
ing tke superficial temperature unaltered. According to all 
analogy of organic forms, the Globe may be supposed to 
/have grotfn cooler continually, and thus to have con- 
tracted in bulk - but this, by shortening the mean ra- 
dius, would cause the Ocean level to rise upon the land, 
which is contrary to the effect we wish to explain. If 
we even allow, for the sake of argument, an augmenting 
diameter to the Globe, this must go to a very *grcat 
' amount before the level of the Ocean, as compared to the 
land, would be sensibly affected. If the Ocean be 5 miles 
dm p, the diameter of the Earth must be augmented l£ 
miles to cause the level of the water to sink relatively 10 
feet, and to sink it half a mile the radius of the Ocean 
must augment 400 miles. It is unnecessary to prose- 
cute this inquiry, for a sinking of half a mile would be 
insufficient tor the desiccation of the whole dry land, even 
allowing the grout mountains to have lw»en uplifted. 

The most interesting part of the inquiry remains tube 
more carefully examined — the variability of the Ocean 
level in consequence of displacements of the solid land. 
We shall put the case in three forms, and according to 
each of these imagine the present continents to be de- 
pressed beneath the waters of the Ocean, as they once 
certainly were. 

First, we may suppose no vacuum to exist below the 
crust of the Earth, nor any receptacle occupied by air or 
gases into which the solid land could sink, but thet a 
sinking in one place should be compensated by a rising 
in another, so that the cubic dimensions of the Globe 
should remain unchanged. Moreover, to put the case to 
extreme, it may be a condition that the land shall sink so 
that water shall cover the whole surface. In this case 
the level of the Ocean would rise, that is, the mean 
radius of its curved surface would be lengthened, by a 
quantity depending on the mass of the solid land sub- 
mersed, and on the relative area of land and water. 
This relation of area is about as 3 water to 1 land. The 
cubic content of the solid land may be thus estimated. 
In England, Wales, and Scotland, the average height of 
those conspicuous mountain masses which appear to give 
shape to the whole country is about 8000 feet ; and if 
we consider this as the apex of a cone whose base is the 
given area, we shall have the cubic content of the moun- 
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taimmasses ss —7— 1 x area. 
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But on acccount of the 
quantity must be reduced to .half, or 
500 feet, and the area '= £ of the wlwde area 
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of the Island. In addition, the more level parts may be 
compared to g tnean cone of 400 feet altitude, on an area 

£& { the wlm$ of the island, Then ** 
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feet* and making the sum of the bases as area of the GwHtot, 
Island, we have mean altitude 225 fee t, 

Tins principle applied to the Continents of Asia and "jr * 
America would give in round ndmbar* abqlit, lOOO feetr 
mean altitude of land ; and as the area of tU ; expanded 
Ocean would be four times as great as thdWid w apw, 
the total mean elevation of ttye water, by this tsubmeitsnm .* 

of the whole mass Of land, would be about feet ; a 
quantity too smajl to be of use in explairungany but the 
lesser order of geological phenomena,, ana which may 
be considered as the extreme linnt of oceanic rise* 

Secondlyi We t rnay suppose the eJdstertce cf cavities 
into i^hich the solid land might slhk, eoihat there may , 
be no elevation in another place corresponding to the 
pi ven depression. To put this also to extreme, wemiy 
imagine the very improbable case that a mass of solid 
materials equal in bulk to all the solid land abovdthfc 
water, should sink into a cavity, and that the aiirfach of 
the submerged land should be level. The level Of the 
Ocean would be nearly unaltered, except in a small de- 
gree, by reason of its shallow expansion over the area of 
the land, We might go on to suppose even the enor- 
mously improbable *case of cavities existing so large 
as to admit twice the whole solid mass of the con- 
tinents, and that these should sink with an equal bulk 
of materials into these cavities. Even in this case the 
Ocean level would only be lowered 250 feet. 

Thirdly. If we suppose contemporaneous or succes- 
sive elevations and depressions however extensive, the 
Ocean level would oscillate about a constant line. 

It is evident, therefore, that by no stretch of conjee- Concision 
ture, that is not absolutely monstrous, can we torture adoptwl. 
the known laws of terrestrial arrangements into agree- 
ment with the hypothesis of any but small changes of 
the level of* the Ocean ; u conclusion of the highest 
value, since it enables ns to argue upon that level as a 
general standard to which we may refer all the effects of 
internal movements, in whatexer period, and by what- 
ever forces produced. It must be remarked, however, 
that it fixes no limits to the effects of the temporary vio- 
lence induced in the Ocean by Mich movements, because 
these effects would be proportioned to the impulse with 
which they were attended. ’ 

It appears that wc cannot in alt cates understand the Gradual 
possibility of the elevation of land out of /he nm by the'etevaiion of 
mere effect of local convulsive movements, but must in 
addition admit the gradual rise of large tracts of land 
whether convulsed or not at some earlier epoch. Eng- 
land is an unexceptionable example ; and probably every 
Country will be found to require the Same admission* * 

The necessity for admitting this gradual elevation of the / • 
whole country, is first suggested by the difficulty of ' 
otherwise accounting for the altitude 0$ the tertiary and 
other marine strata, which have been deposited long 
since the great convulsions which partially or completely 
raised the primary and other old systems of rocks, and 
are, in general, remarkably free from the traces of any 
such events. The older Geologists relieved theuiselves 
from this dilemma, by inventing the gradual diminution ^ / • 

of the level of the Ocetm^ the moderos^mee^ diflb! 
culty by auppolfiiig.A gradual fend. 

The foimer models beeu |>roved'''lO;W i ;'jW»dra)®bte # the; 
latter wemthblj\d0;not yet, understand f but it is nqt dt> 

; with ' ’■ 

vatimi. . , ’■ J/ 

Where convulsive movemehWt^ 
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effects we have a good local cause For the local elevation 
of the ancient bed of the sea ; but where no such move- 
ments can be traced, and yet the land is raised far above 
, the sea, it is clear that we must neither admit convuU 
\ sion, nor the relative change of level of land and 
** water. Now thA area* of country which are elevated, 
but not convulsed, lu such a way as to account for this 
elevation, are, very extensive. The greatest portion of 
the level regions of jhe Gfybe is thus circumstanced. In 
many instances we might plausibly explain the tacts by 
supposing that the same legalities (us mountain chains 
and groups) which had been in very ancient periods 
liable to great convulsive movement, were during later 
periods influenced by more gradual *and continual sub- 
terranean Expansion, so as to bear up on their slopes the 
newer Strata formed and in process of formation. This 
would apply to England, whose great centres of old 
Convulsions are nearly confined to the Western borders, 
and it seems equally suitable to most Countries whose 
lines of mountain* correspond with the general figure. 
The principle, once admitted however, will be fouud 
applicable to all situations, mid equal to solve a rerj 
difficult class of problems in Geology. It may even 
clear our way through cases of ahprqate elevation ami 
depression, such as the Temple of Serapis on the Nea- 
politan shore t for whatever be the cause of local intu- 
mescence, it may be discontinuous or intermittent, and 
election in one quarter may be countet balanced by de- 
pression in another. 

But is such an assumption of local subterranean ex- 
pansion consistent with what is known of the interior 
constitution of the Globe, or is it a vain speculation? 
So little is known of the interior of the Globe, that 


uiinost any hypothesis is safe from coming into collision 
with that knowledge, provided it allows of given mean 
density, and a specific gravity increasing toward the 
centre. Newton supposed the spheroid to be homoge- 
neous ; it has been found that this supposition is by no 
means necessary to fulfil the observed conditions of the 
problem of the Earth's figure, and the irregularities of 
attraction indicated by the pendulum experiments, and 
of curvature by direct meridional measures, seem to 
show that the concentric masses of the spheroid may not 
be of uniform density. » 

This being allowed, there would seem no objection to 
suppose that the densities along any one radius of the 
spheroid are vfmabte , by reason of intestine movements 
among the unequally dense parts of the concentric 
masses, and this would exactly answer the conditions of 
the geological problem. For the length of any radius 
of the heterogeneous spheroid would necessarily vary 
* * with the densities ; ami considering the small propor- 
tion *)f the height of the land above the mean uidius 
of the latitude, it h clcqr that small internal changes in 
a length of 4OO0*mitar would easily account for varia- 
tions on that fine to the extent of 1 000 feet or yards. 

Thm hypothesis would give a gradual and prolonged 
ckvatimiriu some parts and correspond i»g depressions 
in others ; if would not affect in a sensible degree the 
^strohomica) element of the Planet, but would change 
more or less Completely a*» hydrographical boundaries, 
It appears consistent with the inference to which we were 
conducted while studying the phenomena of mineral 
veins, (p, W7‘.) that under the lame region of stra- 
tified rocks different sortspf tguemjs rocks nad been at 
different times developed * and at at) ovents may be 
need toward* sound mathematical 
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theory of general subterranean movements indejiemfenfc g*«,w 
of volcanic convulsions* CH. 1$. 

We may now attempt a brief sketch of the relations of 
land and water in particular regions, during thesuceessive 
geological periods, and notice the character of the Agen- 
cies concerned in pw>d facing them. * v f n .< 

It is sufficiently evident that we are precluded froth 
«aoy attempt to assign these relations generally betktn^wa 
cannot know what tracts of land wereouo* raised *$*>*6 
the sea, and have since been submersed. This fajtalfaa 
with great force to the periods, whatever th 
which preceded the formation of what we call primary 
strata * for concerning the question of the existence 0 $, 
laud during those periods We cannot even offer a ceuv 
jecture, except upon the basis of inquiries into the r#* 
mains of terestrial organic forms imbedded in these 
strata. The evidence which they afford negatives, as 
far us it goes, the existence of land plants ; but H is 
chiefly by the great extent and uniformity of character of * 
these deposits, and by the absence from them in the 
lower parts o| marks of littoral or fluviatile actipn, 
that Geologists might justify a belief that little or nu 
dry laud divided the wide primeval Ocean. We pass to 
consider the state of things during the primary period 

It is admitted that the greatest effects of the elevatory During t * 
movements which can be traced in the existing ranges pnmiu# 
of mountains were posterior to the primary deposits ; l' www '“ 
but there are good grounds for believing that dry land 
hi some (unknown) situations began to furnish vegeta- 
ble reliquiae, during, perhaps, the whole of the period 
occupied in the deposition of the clay slate system* 

First , there is the certainty that some disturbing effects of 
igneous agency are traceable among very old members # 
of this vast group of rocks, (p, 571.) Secondly, the * 

ex' p tence of carbonaceous matter (anthracite) among the 
newer slates. Thirdly , according to different authors, 
in the upper parts of the series occur various land plants. 

It is highly interesting to observe the coincidence of two At the «mi 
classes ot results bearing on the relation of land and mene^mr t 
water at this epoch. Some of the most extensive and jtfdw <■*!*» 
important physical features on the Webern side of the '* * 
basin of Europe have resulted from cimwxhiom preceding 
this epoch, which certainly raised out of the sea many 
remarkable ranges of high ground ; and the most con- 
siderable accumulations of land plants which have fur- 
nished the substance of coal in Europe and North 
America, followed those convulsions. It may, perhaps, 
eventually be possible to derive, from the comparison of 
tlic local ccnties of elevation with the limited fields di 
coal, some conclusions as to the placttand oilier circum- 
stances of growth of the vegetables ; at present we shall 
only venture three remarks l. The deposit of cOiti 
plants do^s not in general follow immediately, but after 
some interval, the uplifting of certain tracts offend ; for 
between the uplifted primaries and the phytiferoua* se- 
condaries, great thicknesses of conglomerates holding • 
few or no plants, and beds of limestone full of marine 
shells intervene. 2* The plants which most predomi- 
nate in the oltier parts of the carboniferous deposits m 
Great Rrilain (conifer©) appear like the vegetation of a 
mountain district in a warm climate, while those which 
abound in the ypuggAr deposits of the same period 
(cactiace©, cquisetace©, 4c*) may in* mere successfully 
compared to plants of plains and marshes. 8. The 
coal basins appear related in position to the ranges of * 
primaries uplifted before the deposition of coal,, and not 
tolhoae of subsequent ages. This in an important fact. - 
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;:i^:WWiSr.t»e-'f|inher developed* Gn th<j Oeolo^ic^i Map 
• Isles, (pi. i.) the local relation of the primary 

fl till ^boniferous strata may he seen, and it will be ob- 
^jjjWvW that the latter form a broad belt parallel to the 
" general course, entering into the, indentations, and sur* 
founding the insula led eminences ©f the ibrmer, But 
along* the ranges of the Alps and Pyrenees,' no such bauds 
of carboniferous rocks occur. The British primaries were* 
uplifted before the Carboniferous period, the great Euro* 
j>ean ranges after* Coal is* however, not uniformly 
spread over all the area of the carboniferous rocks. It 
ocetifs in the great valleys of the Forth and Clyde, between 
f «the Grampitm and Lammermtiir ranges, in valleys of the 
LammermuiV ; (Sanquhar ;) round the Cumbrian moun- 
tains ; round the Welsh mountains ; in hollows of the 
Anglesea primaries, Besides these remarkable juxta- 
positions, the long range of the great Northern coal 
fields is still partially united with the coal deposits en- 
' circling the Cumbrian and Welsh mountains ; and it is 
only by the effect of immense subsequent convulsions, and 
th# consequent unconformity of the saliferous formation, 
that it does not now appear completely united with them. 

The immense coal deposits of Ireland are in the same 
way surrounded by primary strata, which were raised 
above the sea before the accumulation of the coal. Pa- 
rallel to the Hundsriick and to the Taunus and Ardennes, 
which were elevated about the same early period, lie the 
coal deposits of Saarbruck, the Netherlands, and West- 
phalia. Comparing this statement with the inferences 
concerning the growth of the plants of the carboniferous 
period, (p. 594 — 597,) and with the peculiarities of the 
several coal fields, we seem to find a fair basis for reason- 
ing concerning the original habits of fossil plants, which 
may eventually lead to important results, 
e The elevatory movements consequent upon the depo- 
sition of coal appear to have been very general and ex- 
tensive, and in the basin of Europe to have materially 
contracted aud altered the boundaries of the sea. In 
England, especially, this effect is clearly shown, by the 
rising above the sea of the large tiact reaching from the 
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which they retain at present, *y r ^Y^// \ ; Y : , / jr'’ •' 

, It thigh* appear a t.tMA^ V' , % 

elevated 'lands, nourished no piidful^vof vejwK ’ Y 
tables ; for throughout the whole of w* 

magnesian limestone apd / new ■' 

is wholly, or very nearly stf. de^d : pf: eoch re^tiaitW ; 
and though in a few places in Germany; ptsiHS ^ 
in some parts of this system, thsy ' -rather A ciotiflrm'''^t^ih' 
oppose the general inference. f ‘ : ‘-V V Y' 

It does not seem possible to trace any dose depend- 
ence of the local cfturactet of the saliferous system upott 
the cifeumstances of the Physical Geography of the, fee- 
gion ; for, correctly speaking, there is very little of local 
character, except what is imparted by the unequal ex- 
tension of the limestone groups ; and these are probably 
wholly derived from marine decompositions. Along the 
Vosges mountains, perhaps, a peculiar sandstone Con- 
glomerate may have been derived from these mountains. 

Scarcely any thing in Geology is more remarkable 
thafi the greut uniformity of appearance of such exten- 
sive deposits us thos^of the saliferous system, with such 
few remains either of marine or of terrestrial rcliquia?. 

The prevalent red colour of this system is of itself a cir- 
cumstance of great interest, though of unknown origin. 

In many cases this colour is derived from a superficial 
coating of oxide of iron round the internally clear 
quartz grains ; and there can he no doubt that chemical 
agencies were then in operation of a very extensive and 
very remarkable kind. It is difficult to avoid believing 
that the life of the marine mollu&ca and radiaria wus 
much controlled by these agencies. 

The deposits between the coal system and the tertia- Before tli* 
ries succeed one another so regularly in England, and 
even throughout Europe, that it is perhaps impossible r 
to explain the successive parallel* outcrops of the se- 
veral strata, except by supposing a gradual elevation of 
the pre-existing land, or a gradual retreat of the Ocean. 


Tweed to the Trent, and including nearly the whole of This problem becomes, however, still more intricate when 


the space between Berwick, Carlisle, Liverpool, and 
Nottingham; thus forming a large and nearly united 
tract from the Pentluud Frith to Cheshire. To the same 
periods we must refer a large augmentation of the previ- 
ously elevated regions of Wales. It will thus appear 
that nearly all the Northern and Western parts of the 
Island of Great Britain were then raised above the sea, 
Which still flowed over the sites ofull the Midland, East* 
ern, and Southerli Counties. Tlte greater part of Ireland 
had also emerged. Besides these greater elevations, 
shine smaller tracts, which now appear as detached 
groups of mountains, were then conspicuous .as islands. 
Charnwood forest, the Dudley district, and Mendip 
are examples. The Cumbrian mountains were huff sur- 
rounded by a sinuous arm of .the sea, which washed the 
feet of the Penine chain from Kirkby Stephen to Bramp- 
ton* expanded into the Southern Counties Of Scotland, 
and' perhaps connected itself alotig what is now a part of 
the Irfefh t SWi f ■ with a great diversified guff in Cheshire, 

(See Map, pi i.) To 
the East of a line drawn from Newcastle through 
Nottingham tfcy Exeter, we may suppose it in have been 
all an open sea as ftr as the Ardennes and the Harz. 


we add the following general truths : L That in Eng- 
land the oolitic strain, which succeed the red pi arts, form 
hills of greater height than one point ol the sali- 
ferous formation ; the same is true for Germany and 
France. 2. That there exist beyond the general range 
of the oolitic outcrops, many far detach eA hills of these 
strata resting on and overlooking tyremd plains of red 
marl, which seem to be in an undisturbed position* It 
is obvious in these instances that the twrfatee has been 
subjected to enormous waste by the vipjence of watery # 
currents ; in every theory of diluvial or alluvial action 
it is supposed that these denudations were {Verfermed 
upon the dried and ‘elevated livid ; but few speculators 
have had the boldness to attempt tfe solution of the 
difficulty, by assuming that the inversion of relative 
level between the red sandstone and the ixriitic systems 
is wholly due to the wasting action'of water. \ 

Perhaps we shall beat copwuff the true interests of the 
Science by not insisting much upon any mode of a# 
counting for these yet insufficiently examined questions* 
but it seemB right ^ a grtldaid aletntiou pf 

the bohth-Eaatem tiupi of England* parallel tp the line of 


the oolites* and j 


in duratiputbrpugh the whofij 


It thus appears fh«Mome of the marking features of period of tbesalifei^us, oqlitic, te^ary 

British and European Physical Geography are of very rocks, would faiYjf agree with the general physical 
high antiquity ; and however modified in detail, by sub- of the surface of the district, the minidt;r ini^ualit^pf 
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may :,^rtainiy ’tie ascribed to superficial ' Watery; 
' «ictk^, y Tbia' iriew appear*^ Ai^^irwffifeahe getfml 
. ^ ^tferojju&r otitic, and ctetacebUB 

W'feiicfa’ exhibit ^ny; ; wjW^ti,Oiw of analogous 
'S. xoriksitU iossilft, ;teiny deposits irfVUrositone arid day, 
>Veta)^ / ^ ,, '^iB^t l V fetiiyi ia or deep waters, with 
' bSt feW twd« 0 sandstone. ; FiWxd , riwne of ■ these local 
• ' jsiQMrid^^eW -,We . }4e^«*a - that some parts of the 

m which borders ;the o^tiferous sea, flourished a va- 
rtety of plantft,cbar*cteri»(& upon the whole by a pre- 
dominance 0 vascular cryptogamia and coniferous pha- 
nerogamia, different from those of the older coal tracts. 

Effects; yf Convulsions on the Deposition of Strata <md 
. - on, Organic Lift, » 

'The formation of extensive conglomerates has been 
already shown to be a natural consequence of convul- 
sive movements ; and it is in some cases very probable 
that the disturbance was centred in the immediate vici- 
nity of these accumulations. But it would be a gratui- 
tous contraction of a very interesting field of research to 
limit our inquiries into the effects produced by subter- 
ranean movements on the deposition of strata, if we did 
not take into consideration the peculiarities of mineral 
character belonging to the several systems of marine 
deposits, the alternations of marine and fresh- water 
rocks, and the successions of races of organic beings. 
What dependence there may be between these pheno- 
mena r>n the one hand, and subterranean movements on 
the other, will undoubtedly be revealed by the progress 
of inductive Geology, and results of a very interesting 
kind will flow from such a discovery. At present, we 
can only sketch a dim outline of a subject as yet scarcely 
emerging from obscurity. 

Mineral Characters of the Systems of Strata , 

Actual pro- Sedimentary deposits, whether they are occasioned 
Ttune ** action .of streams aud floods from the land, 
or of tides and currents in the Ocean, have a mine- 
ral character depending on the nature of the mate- 
rials acted upon. The sume great stream may, accord- 
ing as its different feeders predominate in their action, 
deposit materials of different quality ; there may be in 
such deposits effects depending on the season of the 
* year, but all^rach differences are periodical, arid a series 
of alternations of given mineral aggregates is the result. 

The action of 4he tides in a certain direction, is also 
liable to periodical variations of intensity ; the coasts 
worn by* tides may be unequally affected at different 
times, and the accessions of materials from the land may 
¥e irregular; still these minute inequalities are almost 
wlfolly lost when we contemplate the average results of 
a long-continual courts of the same tidal action. 

Deep-sea currents, so long as they follow the same 
channels, can hardly be supposed to produce any but 
very uniform admixtures ofsedimeptary ingredients. 

When, therefore, we find a series of sedimentary strata 
, Mo consist of repetitions of the same materials, or of re- 
curring alternations of different materials, the whole is rea- 
! sptmWy retetredto a series of the same,q r similarly ter- 
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are identical or analogous in their nature, vii m'gnto". 
dually change from one to another, ofTcqtoiat ofW^ies 
hf recrirripg mineral terms; and in dividing fhesegrori|Hl ■, 
at live points where new terms appear and old qhetmW' : / ; . 
suppressed. Thus the suppression of red marl, undthe 
introduction of blue clays, marks the boundary of the %M ‘. 
saliferous and oolitic formations; the suppression of% 
oolite, and the introduction of green sands, marks title ' \\ 
limit of the oolitic and cretaceous formations. v ' v, _ j 

)V hatever view we adopt of the origin of sedimentary 
rocks, there can be no doubt that, even from the earfi^at sal strata, 
geological period, the bed of the sea must have been * 

composed in different regions of differeut materials ; * 
this must have been the case, even if we carry back our 
thoughts to that remote epoch where we may suppose 
that nothing solid existed at the surface of the Globe® 
except the products of heat; <or these, in fact, contain 
nearly all the varieties of minerals, and nearly all the 
elements of the composition of stratified rocks. The 
very earliest formations which we have yet succeeded In 
toeing, exhibit themselves in two Very distinguishable 
masses ; the gneiss and mica schist system on the one 
hand, and the clay slate system on the other. When, 
by the partial elevation of these rocks above the level of 
the sea, the Ocean was divided into separate parts, local 
differences of the sedimentary, and even chemical depo- 
sits, must speedily have resulted ; and as the extent of 
land increased in any particular region of the Globe, the 
deposits in the residuary seas thereabout must necessa- 
rily have become more and more dissociated from those 
of other regions. 

It is, therefore, very evident that there can be no uni- 
versal strata ; that during the greater part of the geolo- 
gical periods, rocks of very different nature may, and, 
indeed, must have been contemporaneously deposited ; 
although, according to the circumstance of the cases, 
the peculiar products of one region may have been, by 
oceanic currents or other causes, mixed with those of 
another, and so a continual or interrupted analogy be- 
tween the series of strata in each maintained. 

W e have now arrived at the point when the coordination Change * 
of the diversity of sedimentary aggregates in a given sediment* 
oceanic basin with subterranean movements, arid the 
dependence of the former on the 'flatter, may be pre- 
sented in the form of a very probable inference. Geo- move* 
legists have long been accustomed* while reasoning on meat*, 
the phenomena of tertiary rocks, to recognise the prin- 
ciple of the dependence of the local difference between 
contemporaneous strata in different basins upon the 
physical structure of the region from which the matey 
rials of these strata were derived. It has been already 
shown that the successive diversity of strata in the 
same basin can only be understood by admitting that the 
different sediments were brought from different regions ; 
jt is evident that for this end the drainage of the land, 
the flow of the tide,orthe direction of oceanic current*, 
must have been changed ; this can only be ascribed to 
an operation in local relations o£ land and v^eter* 
thatis to aayv^ hulHerranean movement?. # . 

; When fbis ebaog& of the sedimentary deports is sud- 
tV/.- v , ' i v/ v /' ■' ■: \ . ' , * 
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(,.,, 1 ^. dco ami we may 'rfnerally /cel assured that it 

* t», XV> in owftg to violent subterranean movements, which have 
opened a new communication with the basin ; the exact 
site of the centre of convulsion may perhaps not be as* 
oertaninbl*! though in some particular instances the di- 
rectum of the new currents may, be inferred, and thence 
their local origin conjectured. * When tfie changes of 
sediment are gradual or alternate, we must apply cor- 
responding inferences with greater caution. 

In some cases slight movements might accomplish 
grebt changes in the nature of the deposits. The map 
of thfc terraqueous Globe shows us how easily, at parti- 
cular places, the waters of different oceanic afvn might 
<'he brought ftto union by the lowering of an isthmus or 
the opening of a strait. If the Mediterranean were con- 
nected through the Red Sea with the Indian Ocean, 

. would not the deposits in each of them be reciprocally 
influenced ? Such internal movements as might occasion 
this appear trifling when compared to the disturbances 
which we know to have been many times effected within 
rite range of geological chronology. 

Successive Races of Marine Animals. 

i.Mal if, in consequence of inlerual movements, a given 

timujo' of banjo was opened to the reception of cui rents and sedi- 
' ,,i: \ ll< ‘ irient from a new quarter of the Ocean, it could scarcely 
happen otherwise than that a change should arise in 
the inhabitants of that basin, by the extinction of some, 
and the introduction of other species. If we except the 
earliest series of fossiliferous deposits, there is nothing 
hi Geology to indicate that the distribution of species 
over the Globe was regulated by diffeient laws from 
f those which now prevail ; the superficial tempeiature of 
the Globe was perhaps more equable, and for this reason 
organic forms might be more extensively distributed, 
there might be Ins local distinction than at present, but 
yet each species had its definite boundaries, and dif- 
ferent regions were characterised by peculiar races. 

Upon the establishment ot a communication from one 
such region to c another, there must necessarily be a 
tranference of organic life^t least in one direction, ac- 
cording to the locomotive habits of the creatures, and 
the influence of currents upon them and their ova, and 
other circumstances 

It was with this in view that the passage (p. 553.) relating 
to the succession of races, corresponding to successive 
deposits, on a given part of theOeean beds, was written. 

How remarkable 16 the coincidence ot great convul- 
sions, decided changes of miueral aggregations, and 
substitution of new organic remains, needs only to be 
mentioned ; for these three orders of effects are all 
combined in modern Geology to characterise the groups 
01 systems of stratified rocks. 

i 

Fmh-waftr and Marine Alternations. 

Few geological phenomena declare more plainly their 
dependence upon ancient convulsions than the alterna- 
tions in a given basin of stiata, of fresh-water and ma- 
rine deposits* Not that in every case whore we see 
fluviatile or even lacustrine shells alternating with ma- 
rine exuviae, we must suppose the levels of land and 
sea to have beln changed, because at the mouths of’ 
some rivers this might happen from the bursting of a 
' lake, a violent inundation, or eveh the natural course of 
things ; but when, as in tb<* coal field of V nrkshire, over 


the marine deposits ties a great mass of matter derived tow. 
frorfi the laud* and ft this a partWuftrlayVr of; marine €b/W;' 
exuviae \ when, as in tl$c Weald of Sussex, we observe '**%£** 
above die marine deposit* of the oolites a great thick- jf 
ness of fluviatile deposits covered by marine greed sands ; jr • 
or, as in the Jsle of Wight wnd the basin of Paris, see/^ 
realty lacustrine marls and limeSftnes interposed among 
really marine strata; the conclusion seems Inevitable 
that these are effects of changes in the relative level of 
land and sea. It would, hflweveri be too much to as- 
sert in every case that the internal movements mere 
centred near the places where we witness some of the 
effects ; on the contrary, we may perhaps probably offtn 
he merely looking upon the consequences of convulsions 
wlnchfthappened at great distances of space, and which 
produced near their centres of action wholly different 
phenomena. This mode of interpretation applies very 
well to, those instances in which repeated alternations 
of marine and fresh-water productions occur without any 
indications of corresponding local disturbance. (See 
p. 591.) As an example, we may cite the marine la- 
custrine formation of the Isle of Wight, (p. 674.) 

r 

The Weald of Sussex. 

One very obvious effect of convulsin' movements, Applic u« 
whether sudden or gradual, must always he a more ra- to H cuw 
pid rah* ot waste, both in the laud and ulong the coasts, 
than usual. It will, no doubt, be possible hereafter to 
draw from the varying rate of sedimentary aggregation 
in a given basin, some important evidence concerning the 
amount and duration of the internal movements winch 
caused a more than ordinary accumulation of materials 
in the sea 

By combining with this the results of an inquiry into 
the local site of the convulsion, ns inferred Iron* the di- 
rectum of m w < iedimeuis , we may eventually be able to 
point out, with more or less probability, the original sites 
of these materials, and thus show how in ancient periods 
the wasting of one given tract of elevated rocks, bus 
contributed materials for the accumulation of new depo 
sits in the sea. 

So long as, in the prosecution of this researih, we 
confine onraehes to the metiioch of the inductive philo- 
sophy, our progress will lie real though slow ; new cir- 
cumstances will arise to quicken the process and solidify 
the results, and light will gradually break* in upon the* 
yet obscure problem of the physical geography of early 
geological periods. 

Mr Lyoll’s persevering investigations intp the his- 
tory of the tertiary strata have produced a very remark- 
able attempt to determine the local origin of the mate- • 
rials of the English tertiories, and the locaj seat ot^the 
corresponding subterranean disturbances. 

The geographical relation of The anticlinal axis of 
Sussex and Hampshire to the tertiary deposits on either 
slope, has long fixed the attention of Geologists: it 
was proved by Dr- Buckland, that the tertiary basins of 
Hampshire and London were once, at least, partially 
connected ; it was known that the first deposits above 
the chalk were such as to indicate prolonged action of . • 

agitated watery that the subterranean surface of the 
chalk \m uneven, and that among the tertiary deposits 
were abundance of pebbles apparently derived from wa- 
ter-rolled chalk f 

Mr. Lyel) aupjWi&sfhat “ the chalk of the South-Bast 
of England, together with many subjacent rocks, mav 
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have remained undisturbed lit) after the commencement 
of the tertiary period. When at length the chalk was 
upheaved and exposed to the action of the waves and 
currents, It was rent and shattered, so that the subjacent 
^secondary strata w efc exposed at the same time to de- 
nudation" The waste of* these rocks, composed chiefly 
of sandstone and clay, supplied materials for the tertiary 
sands and clays, while the chalk was the source of the 
flinty shingle, and of the calcareous matter which we 
find intermixed with the London clay. The tracts now 
separating the basins of London and Hampshire were 
those which were first elevated, and which contributed 
by their gradual decay to the production of the newer 
strata. These last were accumulated hi deep submarine 
hollows, formed probably by the subsidence of certain 
parts of the chalk, which sank while the adjoining tracts 
were rising.* * ( Principle* of Geology, vol. iii.) 

Without following the range of ingenious arguments 
employed hy Mr. Lyell in fortifying his hypothesis, we 
shall notice the fuels which seem most clear in their 


hypothesis, that the gradual waiting of t!& Weald has Hedogt, 
furnished the materials for the gradual filling up of the Ch IV. 
basins of London and Hampshire* » 

Chalk, the secondary stratum liable to be jtrU wasted, 
and consequently to yield the materials of the lowest 
tertmries, has furnished only a mass of flints interspersed 
among the variegated* sands and clay*, (with, Very little 
calcareous matter,) such as might claim origin from 
those strata of the Weald which were the Iasi to undergo 
the influence of littoral agitation, The lower group of 
the Weald should have left a predominant mass of samls 
above the other deposits in the tertiary basins, * 

It may be replied, in favour of the hypothesis that the v 
fine particles of chalk might remain suspended, or be *• 
entirely dissolved in tlu* water, until the period of the 
formation of the London clay, which is partly calcareous ; 
that the coloured sands associated with fimt pebbles were 
derived from the green and iron sand groups; and that 
the uppermost deposit of the tertiary groups may have * 
consisted of sand which has since been removed 


evidence, and which can be interpreted without theoreti* 
cal assumptions, 

1. It is certain that the Wealden Country, with srync 
tanuT fa- c, ther tracts m the South of England, has been uplifted 
i>ur,iWe to by subterranean movements, independent of that gene* 
It Lyelt’s nil rise ol the whole of the Eastern part of the Island 
u ‘ w before adveited to. (p 78H.) Whether tins was ac- 

i omplished by one or many successive movements can- 
not be decided by direct evidence; it Would appear, 
however, that the convulsion was not ended till ufier 
the deposition of the whole marine tertiary scries. 

‘2. it is undoubted that the upper secondary strata 
disclosed m the Weald once extended much further to- 
wards the central avis, and have been exfiosed *o enor- 
mous waste and denudation. There is nothing to 
negative the opinion adopted by many Geologists, that 
the whole of the a tea inclosed between the North and 
South Downs was once completely covered over by the 
chalk and the subjacent green sand system; blit this 
admission is not foully necessary to the hypothesis. 

8. The fortuity hftsius on the Northern and Southern 
sides of the axis of elevation of the Weald, contain nearly 
the same kinds of sedimentary deposits in the same order 
of succession, so that both # of them must certainly have 
been influenced by the mechanical agency of water, 
flowing under nearly the same conditions, from the same 
physical regioif, or from regions consisting of the same 
materials equally exposed to aqueous erosion. 

4. The mnteiiaik of the tertiary strata, in the basms 
of London and* Hampshire, are analogous to those which 
have been removed by denudation of the Weald , since 
* they consist oT various coloured sands, which rnny be 
imagined* to *be derived from the green sands and 
Hastings sands, and of clays' which may be supposed to 
have been furnislJed by, the Gault and Weald clays, and 
contain pebbles which are allowed to lie rolled chalk 
flints* 

If we#could venture to add to these statements, that 
the order of mcceman among the strata of the tertiary 
eerie* was exactly that of the successive emergence of 
* 4he chalk, green sands, Weald clays, and Hastings sands, 
tlie hypothesis would Stand on much firmer basis than is 
afforded by the above favourable circumstances.. *Atler 
an impartial consideration of the care, we have not been 
* able to trace such a clear dependence of the successive 
members of the tertiary * series uflon,thf nature of the 
secondary strata successively wasted, as is implied in the 
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Iforhaps the most formidable of this I lass of objections Principal 
is the total and absolute deficiency of an> of the organic objection to 
remains of the Wealden rocks (except in rolled chalk 
flints) in any of the tertiary deposits in 'question. This 
applies especially to the tumultuous deposits of sand and 
shells which lie above the chalk ; for here surelv some 
of the numerous organic fossils of the green sand system, 
or ’some few fragments of the rocks, of the Hustings 
sands, with plants, shells, or bones, should have been 
found. 

Some recognisable specimens of the shelly marbles of 
the Weald clay ought, in some one locality or other, to 
have been discovered in the argillaceous beds which 
form a predominant feature in the tertiary basins. If it 
be remembered, that we are here speaking of very con- 
tiguous districts ; that the distance which the materials 
can be supposed to have been removed is only a small 
number of miles; and that it is matter of common ob- 
servation, that by some currents or other, whether dihi 
vial or alluvial, of transient or prolonged duration, vast 
quantities of organic remains, separate, pr imbedded in 
recognisable musses of sandstone, limestone, shale, and 
ironstone, have been drifted fift\ or one hundred miles; it 
must be allowed that the total absence, from the tertiary 
strata, in all situations yet examined, of any fragments 
of the Wealden rocks or fossils, is a very serious difficulty 
to the reception of an hypothesis which derives the one 
from the other. 

4 

General View o f the Stale and Prorpects of Geology, 

A review of the preceding pages offers abundant proof 
that Geology has escaped from that critical stage through 
which all Sciences, founded on observation, must pass — 
the stage of speculation and dogmatism. If it ha* not 
yet arrived at the dignity which is conferred upon Imfbc- 
tive Science, by the establishment of very general laws, 
binding together a muss of dependent phenomena, it is 
enriched with many valuable generalizations, provided 
with powerful means of further investigation, and guided by 
distinct landmarks over a wide field of original discovery. 

Geology is dissociated from Cosmogony, and we are no 
longer made to perplex our minds with u thoughts beyond 
the limits of our frame,** no longer reqtiirftd to accept an 
explanation of natural phenomena, founded on a viola- 
tion of the laws of Nature. Leaving the impossible pro- 
blem of the creation and first disposal of Uie matter of 
5 L 



794 


GEO h o q r, 


Otology* the Earth to those who may think there ore means of 
Ch. IV. living: it, but ascending' beyond the short annals of 
jarE ^ the human race to the contemplation of the earlier 
epochs of the World, Geologists endeavour to discover 
(he series of revolutions which have affected the Earth, 
by deciphering; the monuments which they have succes- 
sively left. 

Men may be as soon reclaimed from barbarism, and 
raised to the summit of civilized excellence, as philoso- 
phers induced to abandon the sweet paintings of theory 
for the hard outlines of fact ; and though in the success- 
ful career pointed out and followed by the Geological 
Society qf London, the principle of fact before theory 
has been generally acted upon, it is difficult to repress 
the impatience which would rather mingle truth and 
fiction in a bold conjecture, than patiently separate the 
* gold from the dross by the regular process of analysis. 
The opinion has been expressed by high authority, and 
, seems to be gaining ground, that the time is arrived for 
the intervention of theory, to arrange the vast mass of 
facts which at present constitutes positive Geology, and 
to indicate the lines of further progress toward higher 
points of knowledge. It is, however, to be supposed, 
that few will obey this premature rail for theory, who 
are aware of the many unfinished inquiries and vague 
generalizations which must be settled before even u pru- 
dent speculator would venture to commit himself to the 
tribunal of Inductive Philosophy. 

State of go- We have now assembled many data for a theory ; but 
ologic&l in the very labour of collecting them, men have gradually 
theury. acquired what is more valuable, a habit of limited gene- 
ralization, and of continual appeal to the progress of 
collateral evidence in unfolding ihe laws which govern 
, 1 material nature, which at once restrains the presumption 

of the writer and the credulity of t he render. Under 
these circumstances the progress of the Science is not 
doubtful, and all that can be reasonably attempted to- 
ward the foundation of a theory of the Earth, is a review 
of the bearing of the facts already ascertained, on some 
of the leading problems involved m geological specula- 
tions : we shaff thus learn ivhat knowledge we have 
gained; what inferences it will support; how that may 
be augmented, aud these corrected. 

Lapse of Time. Geological Chronology. 

All the thoughts of men are so inseparably associated 
with the idea of succession, that the knowledge of any 
physical fact is nevei satisfactory unless the time of its 
occurrence be giv<jn. The, historical period of an occur- 
rence is determined by reference to oilier events, whose 
place, in the series of recorded human actions, or natural 
processes, is known. The chronology or fixing of the 
, year in which any event took pluee is an admirable con- 

trivance, the fruit of enlarged Science, which has found 
th£ means of referring all historical events to an inde- 
* pendent and permanent natural scale, the movements in 
• T the Solar system. No person proceeds many steps in 
Geology, without feeling the want of some historical 
scale of successive phenomena, in which to interpolate 
new terms of the series ; and though this want is to a 
certain degree generally, and for particular regions of 
, the Globe perfectly, supplied by tables of the superposi- 

tion of strata, %e still find ourselves impelled to attempt 
the reduction of this historical series to the independent 
• scale of chronology. 

This * difficult problem has never been fairly entered 


uppn, except in the particular case of the diluvial and 
alluvial deposits. Those who admit the identity of the Jw 
diluvial currents of Geologists and the Noachien Hood, ^ 
and suppose, with Cuvier and Do Luc, that this was M the * 
.last great revolution affecting our Globe,” may be ex- f \ 
pelted to feel some anxiety as to the number of yeur4 
which, on natural, that is to-day, geological evidence, 
can be reasonably supposed to have elapsed since that 
event. In such inquiries th^growth of the deltas of the 
Nile, the Po, and other rivers, the movement of the 
sands of Libya, the excavation of river-courses, may all 
be employed according to the views of the writer. 

Always it is to be remembered, these calculations admit Superficial 
as a principle the uniformity of natural superficial agett- deposit!, 
cies since the diluvial period, and that period is geolo- 
gically defined with more or less certaif/ty ; from such 
data consistent results seem attainable. There are, how- 
ever, difficulties in estimating the amount pf mechanical 
effect performed, not easily overcome. In the case of a 
delta, the materials may have fallen into water of un- 
equal or unknown depth, and have been exposed to 
waste by currents of variable force ; the movement of 
sands must be yet more capricious ; the time employed 
in the recession of the falls of the Niagara from Luke 
Ontario to Lake 'Erie, has been estimated by Mr. 

Lyell at 10,000 years, by Mr. Fairholme at 5000 ; 
five or six thousand years is the vague conjecture, rather 
than conclusion, of Cuvier, of the time elapsed since the 
“ last grand catastrophe ;"and in general it must be owned 
that the methods of arriving at these conclusions have 
very little of accuracy to recommend them. 

Those Geologists who admit the excavation of valleys 
by u force of water greater than what now passes down 
them, may lake' the date of the denudation of these as 
an era, and compute the lime elapsed in the subsequent 
excavation of the river bed, in the partial or complete 
filling up with sediment of lakes along its course, and in 
the retrocession of waterfalls along the main or brunch 
streams. Few persons, however, who value an arithme- 
tical result for its precision, will proceed to the calcula- 
tion without more information of the> rate of these opera- 
tions than is at present attained. 

The fossil elephant, and ottier animals whose remains 
lie buried in gravel and other deposits called diluvial, 
belonged to a system of organic life, which, for some 
limited period prior to and during the era of those depo- 
sits. was established over a large part of tbi surface of the 
Northern hemisphere. This is termed by many Geologists 
the antediluvial period; Home intending by this, nothing 
more than to mark its relation to the era of t the 11 dilu- 
vial” currents, thus adopting the term from comparison 
with Scripture History. This is, property, a terrestrial • 
period, aud we have shown the difficulty pf defining its 
limits towards the tertiary period, which is, properly, a 
marine period, (p. 671.) The fpcustwne tertlaries here 
become almost our only safe guides, and they teach us 
that during the tertiary period an earlier group of ex- 
tinct animals, the palsotheria and their congeners, inha- 
bited the same tracts of the Globe, as those which after- 
wards nourished the mammoth and mastodon. We 
are absolutely without any means of estimating in years • 
the length of the intern! between the era of the paiasotheria 
burial in the Paris basin, and that of the elephants which 
are entombed in gravel deposits. The small extent of 
alluvial and lacustrine deposits of this period may perhaps 0 
justify a coni^ctgre* that it .was of short duration, as 
compared to the postdiluvial period ; btji this view wist 
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Gixjtogy. not be adopted by those who attribute to the dilutial 
Oh. IV, currents the excavations of valleys and other extensive 
alterations pf the. surface ; because such a deluge would 
. . sweep away most of the traces of antediluvian lakes. 

If 4he difficulties experienced in attempting to chro- 
nologize .the terrestrial phenomena of the later geological 
periods have been sufficient to deter nearly all prudent 
and exact writers from venturing to give more than an 
illustration of (the kind of rearming to be employed, it is 
no wonder that for the long, series of successive marine 
strata the attempt has been almost absolutely abandoned. 
It is doubtful whether we ever shall arrive at more than 
plausible inferences concerning the tijne elapsed in the 
production of Cite stratified rocks; yet as the consider- 
ation of this subject can be prosecuted in a strictly phi- 
losophical spirit by the help of several satisfactory ana- 
logies, and as at all events the historical succession of 
the phenomena is either perfectly known or capable of 
becoming so, it appears an equally useful inquiry as that 
relating to the subsequent terrestrial periods. 

OM strati- To determine the length of years required for the 
licit tlqio deposition of all the stratified rocks under the circurn- 

•*‘t' stances in which they are observed, requires a knowledge 

of the number of repetitions of si nitfai* phenomena, and 
of the rate of their occurrence. In the Geology of stra- 
tified rocks several independent series of phenomena 
occur, each of which may be subjected to this examina- 
tion. Of these we may notice: — 

1. The mechanical deposition of sands, days, conglo- 

merates, Ac. 

2. The chemical deposition of limestones. 

3. The periodical alternations of the laminae or strata 

of clay, sand, limestone, Ac. 

4. The growth and decay of organic beings then living 

in the sea. 

5. The successions of races of organic beings in the 

same parts of the Ocean. 

6. The successful of convulsions. 

7. The alternation of marine and fresh-water produc- 

tions. 

R. The alternation of marine and igneous products. 

9. The metamorphism of rocks, fossils, &c. 

<• 

I, Mechanical deposits of sand, day, Ac. take place 
only in conseqyence of degradation or waste of some 
region of the Globe, followed by a removal of the mate- 
rials to some place of comparative tranquillity. Inter- 
mitting actions of this kind usually produce laminated 
deposits, and if the materials be of different kinds 
.these may alternate in the sediment. In some valleys, 

• every inundation leaves a thin layer of sediment ; the 
mimbfcr of inundations might thus be counted since any 
given date, and the number of years nearly ascertained. 
Analogous effects happen along those coasts where the 
tides deposit sediment; we see the same effects in 
many of the sandstone and day strata which were accu- 
mulated iif estuaries. * 

Some oi the flagstones of the coal measures are com- 
» posed of Frequent alternations of rolled grains of felspar, 
quartz, and mica, which may be estimated to occupy 
not more titan * one-twentieth of an inch in tlyck- 
ugss, Taking the thickness of the rock at 40 feet, we 
. shall ha ve OOUO layers, each of which marks an inter - 
rupted action. Let this be supposed to be the tide, 
allow that every tide deposited one layer, tftyua) to about 
700 per annum ; this will occupy I3i years, As far as we 


can ascertain, the other sandstones of the coal tract were Geology, 

accumulated in the ,same manner, though only a few of <Jh. iV, 

them are micaceous e trough to show this minute lamina- V w , v*» / ' 

tiorh The thick ness of the Yorkshire coal measures is 

about 3000 feet, half of this may be considered as sand- ( 

stone equal to 1500 feet; which, according to the above 

calculation, might bp deposited iu about 500 years, if we 

suppose the accumulation of the alternating clays to have 

been at the same rate, (there is good reason to admit 

this,) the whole period occupied in the deposition of the 

coal measures would be 1000 years. • 

It is perhaps unnecessary to say, that the assump- Mechanical 
tion of each lamina marking the action of one; tide is per- deposits, 
fleetly gratuitous, and has been adopted merely to give 
a specimen ol the mode of calculation which must be 
employed if we wish to state the probable extent in years * 
of a given geological period. Conglomerate rocks pre- 
sent a most convincing proof of the considerable periods * 

which sometimes intervened between the deposition of * 
two stratified rocks in contact and immediately suc- 
ceeding one another. These rocks of turbulent origin 
are locally distributed, so us to be in some parts enor- 
mously thick, and in other places almost or entirely defi- 
cient. The old red sandstone conglomerate, for example, 
usually sepaiates by a great thick ness the greywacke slates 
from the biqxerincumbent carboniferous limestone. In * 

Herefordshire and Radnorshire, this series of red sand- 
stones and conglomerates is many thousand feet thick, 
but in the greater part of the Cumbrian mountain tract it 
is absent, and t lie limestone and slate are in contact. In 
tins case, it would be a great error to suppose the de- 
position of the limestone to have been immediately con- 
sequent on that of the slate. In fact, that very district * B 
gives proof that a period of violent watery tumult inter- 
vened, during which the slate rocks were broken up and 
rolled to pebbles, and recoil sol idated into a thick con- 
glomerate. The rate of tins process can only be con- 
jectured, by comparison with the production of pebbles 
by the diurnal processes of tides, rivers, and local inun- 
dations, When, as in the Rigi, we find rolled masses of 
conglomerate containing rolled pebbles; in the old red 
conglomerate of Cumberland masses of the preconsoli- 
duted slate ; in the new red conglomerate of Westmore- 
land fragments of the mountain limestone with organic 
remains which have undergone their vsual chemical 
conversion ; enough is know n to prove, to a mind not 
wholly blinded by false views of Science, that the monu- 1 

ments left for Geology to decipher Curry back the His- 
tory of the Earth to periods when map and bis works 
existed only in the long foreknowledge of his Maker. 

2. Chemical deposits of limestone. — It is difficult to Chemical 
fix upon uny method of estimating in years the time re'- deposits, 
quired for frhe deposition of a given mass of limestone. . g 

It is useless to refer to Instances of the production of 
limestone from springs, in fresh-wa^er lakes, in estuurfos 
or corn! reels, unless the circumstances under which the • ■ 
older calcareous deposits were nude are similar, a case ’ • 
seldom to be proved. The following process, founded on 
the statements in p. 551/ appears the least objectionable. 

It is certain that while the sandstones, shales, coals, 
and thin oolitic limestones of the North York moors 
were deposited upon the lias, a deposit almost wholly • 

calcareous was occasioned near Bath. Tfte whole time 
consumed was the same in each locality ;*we may there- 
fore perhaps infer the comparative rate of deposition of • 
the oolite and the sandstones: The total thickness of the 
mass in Yorkshire is ahemt 750 feet, of which ’about 20 • 

5 i 2 ‘ 
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may be.culled limestone ; of that near Bath 48Qj of which haw bean sweptdown to their present situations by fond &<wlwrr* 
Ch> IV- y nearly ha.f is sand and day with calcareous matter inter- floods, the result ns to our present argument is the same ; c1l 1 *• 
*~** m ~' spcrsed. Hence we have the proportion of three feet of the accumulation of transported sediment nn|$t have 
sandstone deposited in Uie »ttine time as one of limestone., been so rapid as to prevent the decomposition of the 
Another instance is afforded by comparing the s«*o- cortical portions of the plants, the wearing away of the 
tions of the lower carboniferous limestone, iu Derby- superficial structure, or the beni^ng of the stem beneath 
shire and in Tynedale, In the former tract we may currents of water. No one doubts that the bed of 


take 750 feet as the thickness of limestone, with no ad- 
mixture of sands or clays ; in the latter, the contempo- 
raneous strata are at least 1750 feet thick, and contain 
367 feet of limestone, and 1283 feet of sands and clays, 
&c. ; consequently, 383 of limestone correspond in time 
,< to 1283 df sauds, clays, and coal, or 1 to 3.3. 

3. Alternation of chemical and sedimentary deposits. — 
There is undoubtedly a periodicity in these alternations, 
hut we are not yet in a state to draw any inferences, as 
to the cause of the recurrences, much less as to the 
• length of their periods. 

Jrgaaic r‘e- 4. Imbedded organic remains. — fn viewing the shells 
mains. distributed in rocks, we sometimes perceive, amongst a 
large collection of them from a given stratum, a com- 
plete series of forms from the youngest to the full grown 
shell ; and this may he a means of calculating the lapse 
4 of time during the ^cumulation of a given thickness of 

rock more exactly tiiE.ii b v any other. A t luck ness of 
y calcareous shale, not exceeding one foot in the Yorkshire 

coal field, holds individuals of ammonites Listen of every 
magnitude between a pin's bead and an orange ; it is not 
to be doubled that they lived where they are found; and 
as not one example of this species is known in any other 
stratum in the neighbourhood, it seems correct to admit 
that, during the deposition of that small mass of shale, 

, so much time elapsed as to allow of the growth to full 
* maturity of a long-lived cephalopoda. The only other 

supposition which can be entertained, is that they were 
introduced alive by a transient irruption ol the sea into a 
fresh-water basin, and there quickly entombed. 

It is to be regretted that the age of shells has been 
very little inquired into among collectors. Both cou- 
chifera and mollusca are probably, in general, long-l^ed 
animals. 

The immense number of shells occasionally buried in 
a rock is sometimes appealed to as a proof ol the length 
of time consumed in its production; blit this is a very 
unsatisfactory argument. Those who have witnessed 
the amazing increase of cy cl as rivicola iri the canal near 
• Leeds, or of uniotiesundauodoritesin many slug" Lh rivers 

near the tideway, have walked among the numerous 
shells on the coast of Ayrshire, or the crowds of telhme 
thrown upon the* Filey sands by a single tide, will not 
permit to Geologists the use of such a fallacious infer- 
ence. This immense abundance of fossils is often a 
local phenomenon in the rock, and one winch, when 
4 tretter understood, will aid materially our conceptions 

of the agencies which were concerned in its accutmi- 
. .latiou. ,, 

, ‘ The nearly vertical position of certain fossil plants, a 

phenomenon by.no means rare among sandstone rocks, 
affords good ground for caution in assigning very great 
extension cf years to geological periods. The stems of 
* equiseta in sandstone of the oolitic era, (page 625,) of 
sigill aria in sandstone of the coal series, (page 596,) of 
4 dicot yledouoKta wood in limestone of the Isle of Pur- 

beck, seem to £euch us iu plain terms that the aceujnu- 
r lation ot these rocks was not of that slow and insensible 
kind which is often attributed to them. Whether we 
« supjwse them to be in their place of growth, or to 


stone three feet thick, which enclose* equisetum colum- 
nar ut High Whitby, was <&id by, a single inundation; 
we will suppose it uu annual occurrence; the other 
sandstones and shales of this series must have the 
same rate of origin ascribed to them ; this would give 
for the formation of the oolitic sandstones and shales in 
the North York moors u period of 150 years. About 
the s'ume, or u slower rate of formation, may be sup- 
posed for the case of sigillaria in the coal sandstones 
of Yorkshire ; for these stems, when above two or three 
feet long and nearly vertical, pass through more than one. 
sometimes four or five beds of stone. {Aitofls ruur 
Wakefield.) 

5. Successions of races of organic beings in the same Sucwmhihu 
parts of the Ocean. — The succession of different races of ol rucu *- 
organic beings in the same parts of the Ocean, is one 
of the leading frets, which speak the most impressive, 
though nut the most exact, language on the subject of 
the long duration of geological periods. For, whether 
we consider those cases in which the extinction of old 
and the introduction of new species was , gruduul, or 
others when the changes were sudden and complete, 
nothing that we know of the actual constitution of Na 
tore will justify us in admitting that these revolutions m 
the animal world followed quickly one after atiothei. 

We are impelled to conclude that, for the existence of 
any given race* consisting of thousands of individuals of 
many hundred species, imbedded in many different 
kinds of rock, in distinguishable groups according to 
their habits of life, a long time must be allowed, or else 
the whole constitution of Nature was in a state of forced 
acceleration, so that the work of ages was crowded into 
years. Whether we suppose that new species were con- 
temporaneously created in all the situations where they 
lived and died, or distributed from one local origin over 
the sea, or transported by currents from other oceanic 
centres of file, no one who considers the stability of the 
actual system of watery life, will be easily persuaded 
to believe that these prodigious changes were operated 
over a large part of the Globe in times that can lie in- 
cluded within such narrow limits ^is those of human 
experience. Yet who will venture to translate the vague 
and almost poetical visions of long duration, which the 
contemplation of many repetitions of th$Be local revivals, 
of Nature so powerfully awakens, into the language of • 
chronology? Jt is evident that the day is not Vet ar- 
rived, or rather it is gone by, lor dogjjumzmg about the 
antiquity of the crust of the Gldbe. 

6. The successions of convulsions in the same phy- 
sical region may be very properly mentioned as a vague 
indication of the lengths of geological periods*; but 
cannot at present be employed m a more cxuct manner 

to determine their duration. # 

7. The alternation of marine and fresh-water pro- 

duct is another of those grand phenomena, which, 
whether rightly or not, is sure to make a deep impres- 
sion on the mind ;?though the rarity of the case, and our 
ignorance, of the principal efficient circumstances, must 
wholly exclude ft from among the data for accurate cal- 
culation of geological time. r 
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9, The same may be ssddof the alternation of aque- 
ous and igneous product*. 

t 9. The metamorphfrm of rocks, &c., in consequence 
of the local or general efleet of heat, may possibly one 
day be sufficiently understood to permit some attempt 
towards determining *t4m intensity and rate of the* com- 
munication of heat, and thus more or less directly bear 
Upon the question of time. The chemical changes of 
organic remains aae evicftntfy less related to time than 
to other circumstances, such as, the original nature of the 
body, the sort of substance in which it is imbedded, 
and proximity to sources of mineral impregnation, whe- 
ther by aqdeousor igneous solittion^or electrical transfer 
of solid ingredients. 

Successive Conditions of the Globe . 

The object of geological researches bus been till 
lately very little understood by those not directly con- 
versant with the subject ; and even professed Geologists 
do not always restrict their inquiries within just bounds. 
It is difficult for a speculator to believe that Geology 
may become a very important branch of natural Science, 
though it should wholly disclaim the investigation of 
problems concerning the creation »r concentration of 
the matter of the Globe, or the establishment of the 
lows of the universe. To know the successive changes 
winch the Globe has undergone, and thus to trace a 
retrospective outline of its successive conditions, is 
actually attempted by Geology; but the very processes 
employed in this enterprise are founded upon the re- 
col' int ion of the existing laws of Nature, and altogether 
exclude the populai notion of a chaos, and the philoso- 
phical hypothesis of a solid Globe condensing from an 
atmospheric expansion. 

Undoubtedly the progress of legitimate Geology teaches 
us that the same laws of Nature have operated on tins 
Globe under very different circumstances, as to tempera- 
ture, relation of land and sea, animal and vegetable life, 
and many othej things ; and it is become a proper pro- 
blem tor Geology to discover thesp circumstances. In 
this point of view, the reflections of Leibnitz, and the 
mathematical labours of Laplace and the astronomers, 
become of great value, since they help to fix conspi- 
cuous landmarks for tlte guidance of the surveyors in 
this large field of Science; but let no one delude himself 
with the nofjon of discovering, by geological processes, 
the emerging of the harmoniously adjusted terraqueous 
Globe from a fovner state of chaos. It is certainly not 
a philosophical, and surely cannot be thought, u reli- 
gious notion,* that man shall ever discover among the 
works of God, the traces of a period when his divine 
attributes were first awakened to rescue his creation 
frofb anarchy. Geology takes for granted the existence 
and collection qf -the matter of the Globe, with its super- 
natant Ocean, and its enveloping atmdsphere. Except 
in the degree of influence which circumstances permit 
them to exert, intakes for granted the uniformity of 
action of all material causes. The investigation of 
miracles can never be admitted into natural Science. 

The dimensions of the Globe have remained constant 
since the days of Hipparchus; (born 160 a. c.) for 
Laplace has shown that the length of the day &ias not 
sensibly varied since that time, ^hich must have hap- 
pened if the diameter had perceptibly changed ; if the 
Globe had contracted, the diurnal ^period would have 
been shortened* and vice vend. 

; This is usually considered a very formidable argu- 


ment against the doctrine of internal heat, and its corol- 
lary, secular refrigeration and contraction, to which , " ' 
theorists have very freely resorted; as the prolific source 
of all subterranean movements, changes of superficial 
temperature, elevation of contfuents; volcanic eruptions, 
injection of igneous rocks, mineral veins, Ac. Fou- 
rier's researches, however, into the mathematical theory 
of heat, show that, under the conditions of sensible 
constancy of dimension, and variation of superficial 
temperature according to solar influence, we are at li- 
berty to suppose the existence of deep seated heat of any 
intensity, provided there be direct indications of corre- 
sponding augmentation of sensible temperature be!ow # 
a certain depth. Such indications, it is very generally 
allowed, are presented by the observations in mines and 
collieries in Europe, Asia, and America. 

With regard to secular refrigeration, the experience Secular re* 
of two thousand years undoubtedly shows that its ef- frigurutiw* 
fret in contracting the Earth’s diameter has been for* 
that period insensible ; but, first, it must be observed, 
that the hypothesis supposes the effect of refrigeration 
to be a contraction of an internal nucleus, and a con- 
sequent separation between it and the solid crust, which, 
continually increases until the crust is broken by a cow- * 

vulsive collapse ; secondly, it is sufficiently evident that, 
by the accumulation of nonconducting materials over * 

4 source of beat, the diminution of this beat must be- 
come continually more and more slow, so as at last to 
be insensible even in very long periods. If, then, it 
should appear that the leading phenomena of the ancient 
History of the Earth can be well explained by help of 
these suppositions, there is nothing in the mathematical 
theory to prevent their provisional adoption, on the basis, M 
not unfrequcntly employed in Natural Philosophy, that * 

ttwy serve to e x plain many phenomena. 

It is by no means necessary to couple with the by- Volcanic 


pothesis of internal heat, the doctrine that volcanic vie action, 
tion arises from .this cause only: the various chemical 
characteristics of volcanic action must be examined upon 
their own evidence; and it docs not appear that the 
theory of volcanic operations, advocated in a former 
part of the Essay, is at all deprived of its applicability, 
or rendered superfluous, by admitting the existence nt 
intense internal heat. On the contrary, under the in- 
fluence o! a liiiili temperature, the admission of oxygen 
and water would still produce upon the thud metalloids 
and metals the effects usually ascribed to such a < 

cause, and perhaps more easily than if they were solid, 
and the results would still be proportioned to the cir- 
cumstances of the locality. f 

These remarks are not introduced for the purpose 
of advocating the hypothesis in question, but to reVeuo 
those who have adopted it, and by it endeavoured to 
illuminate some of th£ darkest pages of Geology, from 
the imputation of invoking causes which chemiciH and 
mathematical researches concurred in disproving. 

The moderation which Geologists were so slow to Displace, 
learn, has prevented them from reviving the ancient went of tm 
speculation which ascribed the leading phenomena ( >f Earth mux.* 
Geology to an extensive shifting of the Earth's axis, 
and consequent displacement of the Ocean. To be con- 
sistent, we must suppose this mighty operation to hav*? * 

been many times repeated before the dbeurrence of the 
Deluge which it was invented to explain. Perhaps the 
probability that every part of the Globe equally requires * 
this displacement of the axis, but require*. it in d//- 
ferent direction# at the. same time, may be sufficient to • 
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Geo)ogv. prevent itR resuscitation. It is too much, however, to 
Ch. IV. treat H as an absurdity, merely upon the ground that 
the shells of equal density within the Globe have their 
axes, at the present moment, nearly coincident with 
♦hose of the surface ; for Sir J. Herschel has expressed 
the opinion that the spheroidal figure of the Earth 
might be acquired during rotation though its parts were 
not, fluid. 

But, as Mr. GTeenough has observed, 14 be the cause 
what it may, the fact is certain, that the temperature (if the 
crust ,r>f the Earth was, higher when the coal measures 
were deposited than now, and we have reason to think 
H was stiff higher at antecedent periods. That a con- 
siderable degree of heat still exists, either partially or 
generally, at no great distance from the surface, appears 
from thermal springs and volcanoes,” ( Geological So - 
ciety's Proceedings , 1834.) 

Oftginof flCC0I *daiice with this view is the common opinion, 

tmi'Htnal * that geological inquiries have discovered traces of a 
organic life, period in the History of the Globe, when neither animal 
nor vegetable life was established upon it. This opi- 
nion, ably expressed by Dr. Buddy nd in his Vindicia 
Geologic ce, is chiefly supported by the facts observed in 
studying the primary and transition stratu. The view 
of the subject which is most consonant to the course of 
* inferences adopted in this Treatise, has been already 
sufficiently expressed in the review of the primary strata, 
(p 570, 571.) 

Whatever may be truth on this point, it is certain 
that the successive systems of organic life, both terres- 
trial and aquatic, animal and vegetable, show the same 
general principles and relations as that to which wc 
f belong. Geology has disclosed various and remarkable 
* animals, not paralleled in existing nature, and plants of 

singular forms, but nothing which deviates from those 
general laws of structure and function which govern the 
actual organic creation. The plants and animals of dif- 
ferent geological periods do not differ more from one 
another, than those in opposite climates, or even distant 
localities at present. There is even to be observed 
among the sevenfi successive systems of organic remains 
some real analogy to existing local Faunas and Floras: 
the oolitic fossils have, perhaps, a greater resemblance, for 
instance, to the living productions of Australia and the 
Indian Islands, than to those of any other situation ; 
while the plants and uniones of the Northern English 
coal tracts remind us of the physical characters of* the 
American continent rivers and islands. 

Period* There is, perhaps, no point of theoretical Geology 
convulsion more certainly established than that, in any given small 
and repoui;. area of the surface of the Globe, long periods of or- 
dinary action of natural causes have been several times 
interrupted by epochs of extraordinary disturbance; that 
* * the relation of the level of sea and' land has remained for 

along time the same, or very gradually changed, and after- 
wards been altered by internal convulsions, ft is also rd- 

* mitted that this law has an extensive though t hen less exact 
application ; that the periods of ordinary and crises of ex- 

* traordi nary action were respectively contemporaneous over 
very large regions of the Globe, and even with respect to 

« some of the cases admit of general application. It ap- 
pears, also, that the nature of the strata deposited differs 
*' more or less according to the several successive periods, 

and that the race? of organic remains, in several irnpor- 
, tant case*, are subject tci cpnternporaueifus crises. On 
this evidence, joined to some theoretical considerations, 

, is founded ihe modem .admission pf the doctrine of 


alternating periods of convulsion and .repose ; a doctrine GeoW 
which was held by ancient Philosophers* revived by ChTiv, 
Leibnitz and Hutton, and illustrated by Cuvier end De v’*"* " 1 
Beaumont. Perhaps this view oi the subject was never „ 
more clearly expressed than by Lei bait a, whose just 
senstf of the philosophy of Goafogy has been lately 
placed in a strong light by Mr. Couybeare. His view 
is, that the powerful agencies exerted in displacing and 
altering the solid crust which* gradually thickened ovct 
the ignited nucleus, have many times renewed the face 
of the young Globe by the eruption of concreted igneous 
rocks from below, and the deposition of stratified rocks 
by water above ; and that the Globe was, by these pro- 
cesses, more and more diversified with mountains and 
\ alleys 1 , and subjected to various physical conditions; 
donee quiesce ntibus cuusis , atque cequilibratu, consistent 
tior emergeret rerum status. 

Mr. Lyelfs pictures of the successive conditions of Uniformity 
the Globe are all drawn to one scale, from the unvary- of natural 
ing standard of its present state ; his hypothesis admits agencies 
local alternations of ordinary and critical action, but 
denies any thing like a general paroxysmal effort of na- 
tural* agents; nor is there, between the ordinary and 
critical stages of toi* processes, any conspicuous dif- 
ference. The principle of bis system is, that the dis- 
turbing internal forces exert themselves in irregular suc- 
cession beneath all the points of the surface of the (Jobe ; 
and that the ordinary chemical and mechanical agen- 
cies of Nature are thus modified in their intensity, and 
diversified in their effects, and applied to produce an 
endless series of destructions and renovations, which, 
upon the whole, compensate one another continually. 

In this system, the postulate required is unlimited 
duration; in the other, a varying momentum of na- 
tural agencies according to difference of condition : the 
one is a system of continual, the other of intermittent 
compensation. Nature offers to our view examples of 
both these cases, and on a large scale; it i- therefore 
very unwise to assume one or the other ori account, of 
our notion of its greater probability; we must see which 
of the systems finds support from the facts of the case. 

It has been already seen that our proofs of the periods of 
time elapsed are neither clear, satisfactory, nor complete ; 
much of the evidence on this n subject is in unknown 
terms ; hut estimates derived from probable views of the 
mechanical composition and organic confonts of the • 
strata, do not appear to warrant the postulate of un- 
limited duration. (See p. 795, 796.), 

On the contrary, be the duration of geological pe* 
riods what they may, it is clear that the Earth has suc- 
cessively undergone great physical change* ; terrestrial 
agencies must therefore have operated upon it e with a * 
corresponding variation of effect ; one of tHesc changes 
of condition, that of superficial tom perjure, i» not ex- 
plicable by any of the known periodical inequalities of 
the Solar system, but seems iu harmony with the ge- 
neral theory of internal heat, gradually becoming le*h 
and less sensible as the external crust thfckencd, arid 
the surface of the Globe approached to a slate of equi- 
librium. ^ • 

Successive Conditions of the Materials of the Crust of 
* the Globe. 

The question oF tfie origin or first condition of the * 
elementary ingredients of earthy and metallic sub- 
stances, if capable of solution, must be referred to anotber 
Science ; but inquiries into the successive conditions of. 
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Geology, the mineral substances which appear in the crust qf the 
C?b.iv!. Globe* to dne which, in same shape or other, must be 
«**v*~/ often proposed to a Geologist It is difficult to stop at 
• the recognition of the igneous origin of some rocks, the 
aqueous production of others ; we cannot avoid examin- 
ing, whether any evidence can he found for detempning 
a prior condition of 4Re substances contained in these 
rocks* Pacts of great importance here come before us ; 
we see examples of new* rocks produced by heat from 
aqueous deposits, and sedimentary aggregates of the dis- 
integrated ingredients of volcanic and plutonic masses. 
The deposition, of limestone offers very remarkable vari- 
ations, and it is impossible to cpnsider the composition 
of the minerals in crystallized rooks, without feeling 
that the resources of Chemistry are or may bee<*me ca- 
pable of advancing us one more step in the analysis of the 
series of conditions through which the solid ingredients 
if the Globe have passed. 

The time is not long gone by when Werner, who, with 
far less moderation than Dr. Hutton, wished to begin 
at the beginning, could find thousands of followers in 
the startling dogma, that all the rocks observed near 
the surface of the Earth, were deposited from one cl;aotic 
fluid, which first permitted the crystallization of granitic 
and other rocks, and afterwards ptoabced the secondary 
sandstones, shales, and limestones. It is possible that 
even yet there may be persons who cun believe that 
these secondary sandstones were produced by a che- 
mical decomposition of the ancient Ocean; which, to an- 
swer all the unreasonable demands upon its powers, 
must have been endowed with more than the creative 
energy of a Brahmh, and capable of surmounting every 
chemical and mechanical impossibility — of crystallizing 
into sand, condensing into limestone, ami sub'iming into 
metal ! 

Leibnitz, and a large portion of modern Geologists, 
also attempt to fix something like a beginning to their 
System, a point of geological time when the change from 
a fluid to a solidified surface permitted the devejope- 
ment of that series of intermitting igneous and uqueotis 
actions, which has brought the Globe by many revolu- 
tions to its present state of comparative repose. The fol- 
lowers of Dr. Hutton see no such commencement to 
their series of terraqueous effects; they find no physical 
traces of a beginning, *nor any change of operation 
which should give the prospect of an end of this series 
• of effecis proportioned to the time elapsed. Vet, ns one 
hypothesis admits locally, periodically, and repeatedly, 
what the other supposes to have happened generally and 
in one succession, there is no necessary disagreement 
in the interpretation of particular cases. This is not 
, always remembered by those who engage in the cniilro- 
* versy epneerning the uniformity of natural effects. 
Successive ft we trace back the history of the materials of tlie 
conditionHuf . sedimentary saqfto and clays now in process of forma- 
certain sub* tio n at the mouths of rivera, along the sea-coasts, and 
tfsacen. other situations, we shall find that these materials are 
often derived from ancient superficial deposits left by 
local of extensive Tflooda; examination proves that the 
materials of these deposits were often obtained by the 
violent breaking up and attrition of for more ancient 
4 previously solidified strata; in several instances it is 
manifest that *these are nothing else than the, oceanic 
accumulations derived from disintegrated primary strata, 
• or of disintegrated pyrogemms rocks. 

As an example, we shall quote* a yell-ascertained se- 
ries of tacts, which leave no doubt of the many changes 


of condition through which the granular ingredients, of Gteptagy- 
modern sedimentary deposits have passed. I ■ The Ouse, *** 
Trent, and other great rivers connected with ihe Hum- v * - * v **t 
her, are no filled with the finer parts of the sediments 
which fall into the sea along the wasting eliflfc of Hoi- 
derness, that their flood- waters, when introduced to the *. 

lower ground, along their banks, deposit a great thick- 
ness of valuable soil. The sandy and coarser, parts of 
the sediment are collected in various irregular positions 
in the H umber and along the coast, and the pebbles .re- 
main on the beach, or follow its descent for a small 
distance into the sea. 2. The diluvial cliffs, which by 
their destruction afford this rich supply of fertile warjl 
and sterile sand, contain fragments of all* the rocks in* 
North-Western Yorkshire, that is to say, basalt, lime- 
stone of many kinds, cherts, sandstones, fine-grained 
and coarse-grained millstone grit, shales, ironstones, and * 
coal ; fragments of granite, hypersthene rock, aud grey- • 

wacke slates from Cumbria ; all imbedded in a vast* 
thickness of sands and clays composed of the same com- 
minuted materials. 3. The millstone grit, fragments 
of which occur in this diluvial mass, is a compound of 
felspar, quartz, and mica, with occasional admixtures of 
other substances. These minerals are easily recognised » 

as rolled and waler^worn masses, derived from porphy- 
ritic granite, gneiss, and other such rocks. The felspar « 
is always perfectly crystallized within, but the external 
Surface is water-worn; the mica has lost its angles ; and 
the quartz fragments are only in the state of large 
grained sand. Plainer proof of mechanical aggregation of 
ingredients which once composed a crystalline felspathic 
rock, cannot be desired ; many such instances are known, 
and the inference is generally allowed. 

As far ns the results of a careful examination of or- Extent * 
diuaiy sandstones can be trusted, there is no reason to 
refuse to them, sis u general rule, the same kind of origin ueuce ‘ 
as to coarse millstone grit. Most of them have the 
same ingredients, though it frequently happens that the 
felspar is in a state of decomposition. Shales and clays 
are to sandstones what the fine warp in the water of the 
Humber is to the sands in its channel; we may then 
venture, in a moderate spirit of generalization, to 
assume, that sedimentary sandstones and shales have 
originated in the mechanical action of water upon the 
disintegrated granular ingredients of pyrogenous rocks. 

Any one who has sufficiently observed the varieties 
of sandstones and shales on the one hand, aud of Kira- , 

tifiod primary rocks on the other, and considered the 
nature and amount of the changes produced upon them 
respectively by heat ; or properly weighed the observa- 
tions aud reasonings of Mncculloch ; will have no diffi- 
culty in admitting the views as to the origin of,the 
latter class of strata advocated in former parts of this 
Essay. "We are therefore conducted, apparently by a ' ► 

legitimate process of induction, to the conclusion # that 
all the stratified rocks, limestone and some particular 
strutn excepted, are derived primarily from the decom- 
posing agencies of Nature operating upon pyrogenous 
rocks ; and we thus ftnd a natural limit to the series of 
conditions through which these materials have passed. 

This conclusion, though perhaps less distinctly slated, is , 
essentially recognised in modern geological systems 
and hfdt to he substantially true, though it still leaves * 

many things to bn explained. 

• An inquiry to the origin of the vast masses of # 
stratified limestone, is a subject of considerable diffi- 
culty. In a great majority of instances thSfc limestone # 
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formed at the present clny is the result of chemical forces, 
and the same was probably the ease in earlier periods. 
In particular instances, calcareous deposits have par- 
tially or wholly a mechanical origin; as when a stream 
brings down the waste of a chalky or oolitic district, 
and deposits the sediment in a lake ; or when the cur- 
rents of the Ocean drift shells and other marine exuviae 
and lodge them in the midst of coral reefs. Observers 
of the growth of coral islands have detected several facts 
as to the intermixture of decomposed fragmentary and 
entire calcareous marine exuvia* with coral rock, which 
seem to render not improbable the opinion of Geologists, 
Jrtmt some of the older secondary and transition lime- 
stones are in* places only magnificent coral reefs. 

Perhaps nowhere has the mechanical origin of lime- 
stone been assumed to a greater extent than in the 
Huttonian system of Geology; for it seems to be an 
essential part of that system, that the stratified lime- 
stones are nothing else than triturated shells and other 
calcareous exuviae. By those who adopt this view, 
chalk, the least compacted Kind of limestone, is usually 
taken as an example. It is sometimes difficult to avoid 
imagining that the powdery magnesian limestone is a. 
recomposed rock, derived from the ruins of magnesian 
beds of carboniferous limestone. Bid this cannot be n true 
account of the matter; for, 1. there ought to be far less 
magnesia in the compound. 2. This is in some instances 
ari atomic combination of carbonate of magnesia and 
carbonate of lime. 3. This limestone is often really a 
grantilarly crystalline rock, (like the older magnesilerous 
beds of mountain limestone,) and seldom appears to justify 
the least suspicion of the mechanical agency of water. 

But nothing is more certain than that of all the strata 
yet discovered, limestone is exactly that which, by the 
regularity and continuity of its beds, by the extreme 
perfection of its organic contents, and by the absence of 
proofs of mechanical action, gives most completely the 
notion ol a chemical precipitate. It appears sufficiently 
probable, in several instances, that the quantity of lime- 
stone deposited in a given geological period was least 
towards the shores, and greatest towards the deep sea , 
exactly the reverse of what happens with the mecha- 
nical deposits of sandstone and shale ; it may therefore 
be viewed as an oceanic deposit, resulting from a de- 
composition of sea water, aided in many instances to 


a wonderful extent by the vital products of zoophytic, Geology, 
echinodermatous, and molluscous animals. According da IV. 
to this vie w, it is easy to understand the repeated procluc- 
tion of limestones of the same mineral character at dif- * 
ferent periods; nor need we feel surprised that, occasion- 
ally, limestones of the same age differ in properties. 

However, all these views end at last in one, viz. that 
the earliest condition which we can assign to the carbo- 
nate of lime, is that of extric^'oii from some solution of 
lune in water, by chemical or vitil processes. And 
here, perhaps, it will be wisdom to pause, for though 
some have ventured to imagine that the lime might be 
derived from the decomposition of particular ingredients 
in primary igneous rocks, and others may suppose that 
the Ocean would more directly obtain this with other 
ingredients from the oxidized fluid nucleus of the 
Glolve, such speculations are beyond the pale of Induc- 
tive Geology, anrl involve too many hazardous assump- 
tions to be at present worthy of the notice of other Sciences. 

The general tendency of geological reasoning is to General 
establish the inference, that a large portion of the stra- result 
titled deposits have been formed from the wasted in- 
gredients of pyrogenotis rocks; all the phenomena of 
volcanoes and ancient igneous eruptions prove that 
locally stratified deposits are reconvertible to crystalline 
rocks by the force of heat, and very generally alterable 
in character so us to approximate to the actual pro- 
ducts of heat. Mr. Lyell puts this to the extreme, and 
supposes that the calorific energy of the interior of the 
Karth is constantly acting, so as to reconvert sedimentary 
into crystalline aggregates, equal quantities in equal 
times y and thus to maintain a perpetual equilibrium be- 
tween the liquefying internal arid the solidifying external 
agencies ot the Globe. This speculation is much too 
poetical to be examined according to the dry rules of 
the Baconian Philosophy : if the heat expended in this 
operation be obtained from chemical processes, these must 
gradually tend towards equilibrium; if from a general 
internal reservoir of caloric, that reservoir must become 
less and less prompt in supplying the incessant demand ; 
either of these effects operating through indefinite time 
must cause the gradual refrigeration of the surface ot 
the Globe, a consequence not favourable to the hypo* 
thesis of the uniformity anti continual compensation of 
the effects of internal and external terrestrial agencies. 


Itefcrence in Plates 11, and III. of Organic Remains. 


Plate ‘2. 

Tertiary, System. 

1. Voluta diibta. Brandcr. 

8 Dentalium striatum, Sow. 
ft, Vrnerlcardlfi planicnstn. Sow 
A. Fumuh bulUformi*. Sow. 
n. KmargLiijla reticulata. Sow. 

0. Cythoreu lentiforwl*. Sow, 

7* Turbo 1lttnr«ui. Sow 

0. ^Sculoria folio een Sow. 

0. Xfurex tuhifVr Sow. 

1 0. Kuaus coutrariuH. Sow 
1. CyjMftta Avellnna. Sow. 
it. Trocfeuw aicglufloan*. Brand. 

IX.* Mouroioiutt exorta, Sow. 

Cretaceous System. 

18. Pwten quinqnecoiitituK. Sow. 

14. Apiocrinus elllpfiou. Mill. 

H». Sp origin cribrosn, Phil, 

IS. Maraupltea Mllltitri. Mantel!. 

17. lnoceramus atllcattts. Sow. 

IS. Trtganla altfoitnle. Sow , 

10. Catmint Bran#nlarll. Sow. and fironp 
SO. Ammonites varfana, Sow. 

81. PUpioatomn splnoMum. Sou 
88. HOicmrUtes mueromUua. Ce«. and Berm#. 
88. SpatsmKiw Gur-a«flutr*um. Qw. and Broog. 
*4. Bcnuhilef co«talit*. ManteU. 


Ooi.itic System 
25 Trigonia contAta Sow 

26. Vertebra of PleriOHnui u* 

27. Cblariai Intermedin. Fleming. 

28. Clypeu* rlunicuhirU. lAwt/d. 

29. Vertebra of 1< ht by outturns rumimiiiii, Cunyb. 

30. Atmnotme* Wulcolut Sow. 

31. Pliuludomyn MurchUom. Sow. 

3 'i. End of the Upper Jaw of Crocodile 
33. Mytt V. aeripta, Sow. 

34 Gryphcea Incurvu. Sow 

35. Ammonite* CullovlenriH. Sow. 

Plate 3. 
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12, Pe utre mites rUipUews Sow. 

13. Pleurorhyucbn* rntnnx. Phil. MS. CNewgenus) 
14 Orthorera* BreynH. Sow. 

15. Spirlferu utilata. Sow. 

16. Products punctata, Sow. 

1 7. Ammonites Llsterl, Sow* 

13, Ammonite* strlalua. AW. 

19 ftcJleroplion hi ulema, Sow. t 

20. Pleurotomarla, ( Helix caripota * Saw.) Colour 
stripes remaining. 

21. EnompUalu* ptptangahlus. Sow 

22. HyrlutfOuera aeftlculata, Phil MS. 

23. Favorite* cnplllarls, Phil. M S. 

24. Asaphus gemmullferus. Phil. MS. faayniHid 
twice. 

25. TcrebrntulaneumlC’Uji Sow. 


I. Produeta bnrriilu Sow 

2 Nctruora vlr(tulaee«. Phil. 

3. Terebratula^lobulliiu, Phil . MS. 

A 1 *rebratula. 

5. Pecten gad hill*, Phil. MS. 

6. a. AvlcuU cryphoeoldeB. Sedg. 
h. I >or hhI v'Ipw of the name. 

7 Axinus obsouruH. AW. 

H Rctepora tbistraeea. Phil. 

9. PaLeothrlssum aturrocephalam. Sedg, 

Carboniferous System. 

10. Plqtycrinmi Ufcvls. MW. 

II. Actinoerimi* 30 (lactylusj, MW. 


Primary System.' 

S0. Eoumptialtti dUcors. Sow. 

87. Products (lapreaxa. Sow. 

Dorsal view of the lower valve. 

86. TerVbratule afflnls. 8ow 

29. Caiymene BlamenbxehH. Brong. 

30. Aasphug De Buchll. Brong. 

3L). PentAmem* Knithtll, Sow. 
frj. Ortlmcerae annulatum. Sofa. 

33, Orthbceras pyriform*. Sow. 

94 k CyathopLyJiuui hexaronum. Gohtyktt , 

35. Cstfiolpora labyriutmca. Goldf. 

36. Aetroa |K>rpapt, f olty 
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Index to To facilitate the study of the Article Geology, and to make known 
Geology, the nature and the views advanced in it, is the object of the folluw- 
^ - fng abstract. The subjects discussed in Geological Treatises of 
* modern date are, of necessity, extremely varied, for the Natural 
History of the Earth is too vast and diversified a problem not to 
require continual reference to the truths of collateral Science. Jn 
the present Treatise, a great portion of the inferences and general 
reasoning is, indeed, collected into a separate and final chapter ; yet, 
in many instances, the inferences from phenomena are introduced 
after the description of these, especially when it seemed likely to 
render the succeeding descriptions more clear. The following 
summary will explain the distribution of subjects throughout the 
four Chapters of the Treatise, and serve as a General Index, per- 
mitting, at the same time, a connected view of the Science. 

CHAPTER I. 


Progress and Principles op the Science. 

« « 

Progress of the > Science. 

Page 

62;) De/inttian , with reasons for its wide limits. 

Speculatin', Geology gradually changing, with the progress 
of Physical Science, into 

330 Inductive Geology, which, in different, Countries, was based on 
different data. J Aster originate.! the agricultural school of 
Geology, which has nowherq made progress commensurate 
with its importance. 

Mining knowledge was the basis of another school brought to 
eminence in Germany under the auspices of Werner, who 
claims the merit of introducing, more clearly than had been 
dime before, 'the consideration oi iclativc time and succession 
of phenomena.— Of this 

531 Werner'* sene* of formations is a remarkable monument, 

Mitchell, H hit f hurst and San mu r e have distinct claims to 
praise, the tormer lor comprehensive views, the latter tor 
diligent researches. 

532 Inductive GcoJufy was, however, principally founder! on a know* 
ledge of organic remain*. Rude admiral ion of these monuments 
of earlier Nature animated, nearly at the same lime, the Natu- 
ralists of I tidy. Prance, ami England, and the discussions respect- 
ing then origin led to the introduction ol Zoology and Botany 
as auxiliary Sciences to Geology : und m Mr. Smith's hands to 

533 A correct classification ol stratified rocks, and the important 
discovery of the relation of systems of organic life to definite 
geological periods. 

534 Hypotheses afe. thus devoted to oblivion, and the modern culti- 
vator* of Geology, aware of the. grand problem committed to 
their industry, labftur assiduously, and labour together, in the 
patient interpretation* of Nature. 

Materials in the Barth. 

• • 

The mean density o f the Earth , as known by astronomical and 
xrvchafiical discoveries, combined with other knowledge, leads 
to three probable deductions as to the interior of the Planet, 
which are stilted* and lfhirh are of great importance in limit- 
ing the range of geological speculation, 

535 Vu earthy compounds o f the exterior of our Planet, as known by 
observation, are referred to certain groups according to their 
chenmaJ constitution. 

Stratification. 

$36 The regular arrangement of rocks on the surface is shown to de- 
pend on a regular internal arrangement called stratification; 

• such that the u strata are arranged, with respect tq one 

537 another, in a constant order of succession.” From this super- 
iw sitinn of strata, with according derh nations, and considerable 

* extent or continuity, it follows, that stratification is a funda- 
mental condition ot many rocks, and thtot tljc Earth is externally 
ot a lamellar structure, the* layers marking particular periods 
. of its formation. 
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Distinction of Stratified and V h stratified Books, s 

537 From the relative situation of these two classes of rocks, * \ 

538 The distinction of their mineral characters, and mode of ag- 
gregation, and their contents , a conch inion is druwje*that they 
were the results of different agencies, the ionher deposited 
from water, the latter produced by heat. 

533 The division of geological study into two branches is thus indi- 
cated, and the sections of the Treatise which follow are made to 
correspond. 

On Stratification in general. 

538 Strata : the definition of Professor Plat fair limited ; interposed 
strata are described ; the thickness and lamination, pa rat tel or 
oblique, are noticed; and certain collective terms employed, by 
Geologists explained. 

539 The senes of British strata is then presented in a tabular form, 
under the divisions of tertiary, secondary, and primary strata, 
accoidmg to the several formations und stratified groups. 

Disturbed Stratification, 

540 Cuvier’s fundamental principle for investigation of disturbances 
* of strain applied to cases of vertical strata and contorted beds. 

(See pi. i. rig. 4.) 

541 Faults, or tlm lines of fracture of disturbed strata, considered 
with reference to a certain law of direction, (also applied to 
several mineral veins and dykes,) and to their relative anti- 
quity : principal epochs of convulsion ascertain'd by this process 
ot reasoning, and the leading physical teat ores of the Earth’s 
surface shown to ho dependent on subterranean movements. 

542 These movements, and the disruption * of attain which they hav* 
occasioned, are shown to he a part of the general plan of 
terrestrial creation, affording that variety of surface and con- 
ditions to which organic life is known to he adapted, and 
causing the exposure, under vnr.ed circumstances, for the use 
of man, of .dl the minerals and other useful products near the 

- surface of the Earth. ( See pi. i. fig, 5, 6, 7, 8-) 

Internal Structure of Bocks. 

543 Joints in different rocks possess jiecuhar characters, and com- 
rnumi.Llc to them distinctive features, independent of their 
oilier structural peculiarities. 

Toe general cause of joint * and fissures admitted to be con- 
traction ot the mass after partial consolidation; some general 
agency, like that of electricity, appealed to fur the production 
of the symmetry and constant direction of joints in large 
districts; and local changes of internal ntructiae referred to the 
application of long-continued heat. (See pi. i. fig. 9.) 

Mineral Composition of Strata, 

544 Both mechanically transported sediments anft chemical precipitates 
are recognised among the stratified rocks, the whole senes of 
which consists of alternate layers ot several calcareous, arena- 
ceous. argillaceous, ferruginous, and carbonaceous compounds. 

545 The phenomenon of alternation must be distinguished from that 
of gradation of beds, though both aid to produce what is called 
a transition of terms in the stratified masses. (See phi. fig*i 0, 

i|0 

The proportions of chemical und mechanical deposits vary in’ 
the different systems, and give occasion to some general re- 
flections us to the causes concerned. 

Condition of Organic Remain*. 

546 What tribes of living beings are recognisable in the fossil state; 

What portions of the original structure are preset ved ; 

Jn what condition they were dm bedded ; entire, disjoined, frag- 
mented, or worn ; these questions having bee* answered, 

547 Subsequent changes of composition may be investigated, 

’ Jn plants, corqls, shells, &yc,, and the effects^discovorcd maV ho 
compared with analogous modern processes, and referred to 
the original nature of the bodies and to the peculiar influences 
to 'which they were subjected m different rocks. \ 
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Geology* Distribution of Organic Remains. 

r ~ r ^ 1r * 549, 550. The relative number of fossil ami living species of plants 
awl animal* is first touched upon ; the proportions analyzed with 
reference to the original nature of the bodies ; and a compari- 
son instituted of British recent apd fossil species of zoophyta, 
conrhiforu, gasteropoda, cephalopoda, 

550 The European fossil species are neiit tabulated. 

The distribution of organic remains m the Earth is next con- 
sidered with reference to the number of them in different rocks ; 
the Table given suggests remarkable inferences; the r datum of 
* hind between recent and fossil tribes being considered, and the 
notations of the fossils of different strata to one anothei, it fol- 
lows, that each stratum was successively the bed of the sea, and 
, that itm 'vcsshr systems of strata enclose successive races oj am 

* mats and plants.* 

551 These, being of terrestrial ami marine origin give us, in some 
degree, the history of both the land and the sea ; marine rare* 
indicate the oceanic origin of limestone; terrestiial plants 
mark the transport of the materials of arenaceous rocks by 

# rivers and inundations irom the Umd; anil liuis, the fiisi 

# approximations arise toward the determination of the boundai u\* 
of the ancient, oceans 

552 Marine exuvi# being considered, it is found that rocks of similar 
chemical quality have some resemblance in certain tribes of 
fossils; (yoopbyta:; but more nnpoitant is the fact, that they 
are associated according to the periods of their existence ; so 
that 

Strata of different age contain, for the most part, different 
fossils. 

i Strata of the same age contain, even over large tracts, some 

identical and many similar foNSils, according to the doctrine of 
Mr. Smith. 

ft 5 3 Repeated* changes in the races of organic beings, by which they 
have been, at different geological epochs, successively brought 
nearer and nearer to the forms of existing nature, are. thus 
established. 

M. Desha yes' results in this inquiry, derived from tertiary 
strata, are stated, and the identification of strata fyy charuclen\tw 
, organic remains is considered, and the change of organic remains 

• put m connection with the corresponding change of mineral com- 

position of rucks. 

554 Terrestrial exuviae are shortly examined with reference to the 
same principles. 


Index to 

Slate System. , * ' Getdogy. 

505 Relation of this to the preceding system; (pi. i. fig, 13 ;) the ^'v ***- 
Cumbrian slate region taken as a type; dark lowest slates; • 
red rock, middle green slates; dark lossiliforous limestone ; , # 

upper slates also fossdil’erous. 

507 rdeavage of slate; slates of Scotland, Ireland, Isle of Man, 

Wales, (from Sedgwick,) Anglekea, (from IJ endow.) the 
groups m the grauwaeke senes of Wales, established by Mur- 
chison ; slates of Charnwood forest, Cornwall, and Devon, 

Bnttany, Pyrenees, Ardemiffi, Rhine Valley, liars, Scandi- 
navia, Tarentaise. North America. 

569 “ Transition'* limestone shown to be analogous, in Home respects. 

With to the primary and carboniferous limestones, but distinct 
from both. As a general truth, it is concluded that the whole 
Mines of strata forms but one great locally interrupted series. 

570 The succession of the whole llntish primary series presented in 
ti <.a lull or form. 

i 

General Conclusions concerning Primary Strata 

570 Are next presented under the following heads, affirmatively : 

General basis oi igneous rucks. 

Influence of heat on primary strata. 

Oi g.uiic remains absent fioni the lower primary strata, but 
frequent ui the upp r. 

Objections to the conclusion of greater manifestations oi 
^igneous agency m the older periods, considered. 

Distu* Inn. res of the Primary Strata. 

571 The (feeds of coucu/siom which liappened 

Dining the accumulation of the sidles, and after the deposit 
'of the states, considered, with reference to the menu direction of 
subsequent str.ifa; exhibition oi plutomc locks, miueml wins, Ne. 

Oigann Remains of the Stale System. 

572 Plants, polyparm ; 574, miliaria, conrhdera ; 57H. g.is’ero 
poda ; 580, aumilo'.a, ciustarea. Remarks iuilou e.uhcla.s 
of fossils, and » Minimal) is given. 5.s|, 'ilie suggestom 
regarding the fossils of the South oi lielaud, 577, .589, im-. been 
admitted by Mr Weaver to be correct , M. De l*.i Jiecbe lias 
no doubt that the limestones of Dciorndtirv do hi long to the 
transition epoch.) 


CHAPTER II. 

DkscHIPTION Oil IKK SltlUKH OF Alii SOUS DEPOSITS WITH TIIKIH 
Jaimkddkd Organic Remains. 

5, r 1 The history of the successive system* of rocks, depuailed from 
water, is preceded by a discussion of what forms Ilnur gi»ner«il 
Hour or basis. It being admitted that granite and othei wi- 
st ratified rocks, ( see p, 5.47.) ougiuntmg from the action oi heal, 
form tins general floor. The fc * primary strata” are considered 
with reference to the hypothesis of 

555 Metamorphism of rocks of all ages, and the conjecture that 
earlier struta than those called primary may have I teen absorbed 
into the melted nucleus of the Globe. < enam conclusions aro 
stated; u grouping of the strata into systems follows, a id 
these are described according to the eras of their production. 

Primary Strata. 

557 The primary strata are treated <d* as forming the skeleton and 
framework of the Korlh’a surface, ranging along the mountain 

* chains and groups, and encircliug and dividing tile great Euro- 

. peon, Asiatic, ami other basins. * 

Gneiss and Mica State System. 

558 Principal rocks described; the order of their succession 
examined; the origin of gneiss; its stratification; the minerals 
which it contains ; the locks associated with it ; and the transi- 
tions from this to other rocks noticed. 

550 Similar rovjpW of fpica schist, quartz rock, and primary lime- 
stone. 

560- The district* txscupted by the gneiss and mica schist system* 
are u^xt described ; Cornwall, Wales, Gumlierhiiui, Scotland, 
('pl v i. %* 12.) North #f Ireland, South of Ireland, Brittany, 
Pyre, neps, Central France, America. , 


SuiOMUlfY Sill IT A. 

Carb'iriif r uus System *, 

581 New physical geography of the Globe at the commencement of 
the i ,i Thunderous period ; produced b\ the coiivuImoiis .united 
of, 571. 

Divisions of the carbmiilVious system : 

582 (Pd red xandshnf 1 annul i >n, toiii loc.il Convulsive move- 

ment*; Os eharaciel* in tw ( uinunau trait, Wales, M'»u- 
moutlishne, S>c., Scotland, I eland, 

5S4 Mountain m uu/ftifriumt hint sf one formation ; geographical 
extent, and Modifications of the lo> million, illustrated by 
origuni! u»v> j stigiitmes in the North of 'England. The several 
groups of the imiiiution described, as to composition, physical 
geogrijiliy, the., viz a car limestone, jfagpionn scries, upper 
lam stone belt , Millstone grit. The mechanical origin of this 
latter series discussed. * 

589 The rout formation ; its composition compared to that of the 
mountain limestone Senes. 4 •* 

Range and extent of lint coal formation ; English coal field* 
compared in districts. ,, 

The Yorkshire coal field described as a type ; lower, middles 
and upper senes ; 592. tbe great Northern coal fields, great 
South Wales coal field; 593, Forest of Dean, Somerset, Ac., 
Flint, plain of Shrewsbury, Cotdbrotfk Dale; 59-1, Ciee hills, 
the central coal fields, Irish Coal. 

594 General new of circumstances undet' which the coal lied* were 
deposited. 

1. Its origin from vegetables proved ; (see also 547;) 2. thore 
plant* grew on land;. 3. the analogy of dual bed* to buried 
peat bogs, subterranean forests, &c., to lako ami river deposit*, 
investigated ; 59k, effects of the higher terpperature existing 
in former times upon the G lobe upon the growth and inhume 
tion of plants; conclusion adopted a* most generally applies 
ble, that tins plants were swept down from the land to lakes 
and estuaries of the sea; exemplifications « the process. . 
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Convulsive Movements of the Carboniferous System 

597 Of very general extent : 598, tlie Pc nine chain uplifted ; the coal 
fields of Lancashire and Yorkshire divided ; other elevations ; 
the Forest of Dean, the Ardennes, &c„ ; relation of convulsive 
movements to mineral veins, Jkc . ; observations on these. 

. • 

Organic Remain* tf the Carboniferous System. 


The extensive catalogues whj^h are giveu are accompanied by 
sufficient explanation#. 

599 Plants ( Polyporitcs Bowrnmnni of Limlley is a fi»h Neale. It 
occurs in several other localities . ) 

693 Analogy of fossil ‘and recuit plants; conclusions on this sub- 
let. 

603 IVdyparm; 604, rudiaria, conchifcra; (jOG, mnllusca ; 608, 
general summaiy. ^ 

Saliferous System. 

608 General view of the compos. tion, subdivision, and range of 
this system in England ; 610. romaiks on certain members of 
the saliferous K) stein in England ; marl slates ; y» lh»w magne- 
sian limestone ; 61 1, laminated limestone : lock saltoi Cheshire 
described; 612, the saliieroos Mstom of Europe; oiguiuc re- 
mains: sections in the \ osges, Nurih-Kasi ot German), Xc„ 
cornpaied with that of tlie North ol England ; rcuniikh on salt. 

614 Ctreu m stances attending th *> origin of toe suhfeinuit xys/tsu , 
arguments for its marine ougiu ; haul absence of organic re- 
mains; prevalence of certain c>*h>.n^; fhvv,d‘ , ii'e ot mag- 
m>ia; difficulties with respect to the origin of the suit and 
y alburn. 


Organic Rem tans of th* Su/iferous System. 


Page 

Organic Remains of the Oolitic System. 

The Tables are generally arranged ho as td indicate both the 
relations of British and Foreign species, and the distribution of 
the fossils in the different formations. 

C>35 Plants ; 630, polypariu*; 637, radiom $ 639* cottchifera ; 
645, gasteropoda. * 

651 Annulora, Crustacea, in sect a, reptilia, prices, mammalia ; 653, 
summary. 
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Cretaceous System. 

G.i3 Mineral character of this and other systems ; remarkable sur- 
face^of chalk country in England; dry valleys of th^dhalk 
hills*; groups of the chalk system, as exhibited inthe^outh of 1 ' 

England, traced to the Ninth, mid uguin ’sywei^a in York- \ 
shire; 651, Maestncht and Gosau b*ds; lower greensand; 

655, gault ; upper given sand ; chalk marl ; lower chalk ; 656, 
upper chalk ; its layers ot Hint ; pyrites ; fissured flints of the 
I hie (if Wight. „ 

656 Ct ilaveous system of Ireland ; the basin of Europe j France, / 

Mucttirurht, Norili of Germany, Poland, Souih of Russia, &c. ; * 

657, the Alps, Lombard). * 

657 Convulsions of the Cretan outt system indicated rather by thn 
waste of the chalk, uud the uccumulation ol flint pebbles above, 
than by direct proof of distiii bed rocks. Eiie de Beaumont's 
views ; M> . Lyell's hypothesis. 


Organic Remains of the Cretaceous System, 

658 Plants, poly puna; 660, radiaria ; 662, conchifera ; 666, mol- 
lusca, 

66*1 Annulosa ; 670, Crustacea, cirripoda, prices, reptilia. and 
, summary. 


615 Plants, poUpurm; 010, raduuu, aumilosa, conchsfera; til", 
gasteropoda; 0i8 3 cephalopoda, cxustacea, Virtehiulia, 019, 
humimuy. 

Disturbances uf the Saliferous System. 

619 In Eng’aud, only slight and few; in the Vosgc^, Brittany, 
La Vmdde, iMorvan, Bohineiwuld, Thuringerwuld, Av.dlon, 
Ant LIU. 


Oolitic System. 

619 Its conformity to the saliferous system in position ; differences 
m niineuil diameter mid oigumc remains . the. phenomenon of 
alternation at tlA base and top of the system; composition in 
diffiueut Conotnes ot Europe. 

620 Classification of the English si nes in ii tubular form. 

Bunge of the has; its genei.il churarteis, geographical, mi- 
neral, oig.mie , 621, the has foiinattun of Yoikslure and Lin- 
colnshire subdivided and described; has oft he Midland (anilities; 
622, uf the i ottswnld, ot Bath mid Doi set shoe, of North 
Britain, South Wales; lias of Aiitim, ('huions, Lux$tubmg, 

• Wiirtmnherg, Bams ; remarkable clmructeis of has m Swisscr- 
lnnd. * 

623 The lower oolite formation ; its range, geogrupby. elevation, 
escarpments, tyjK»*of tins fornuitum at Bath dev nbed ; in- 
ferior oolite group; 624, lulleCs earth gtoup ; gie.it oolite 
group; threat Oiarble group ; iMrubiush. The same loiiuutiou 
us it appenvs f \orth of tin* Humber and m Suiherhuni wi.h 

* different characters; 6 26, range and character c*t the lor mi- 
tri|ji in*tlu* Midland Counties; Colly western and Stones li rid 
bImlIOS* 

627 Tlr* middle ooldr^formnt^m analogous to the lower oolites in 
mineral and gebgraphfcal character; 628. le-s < out muons. 
The several rocks described : Reflow ay rock. Oxford clay, 
lower calc grit, coralline oolite. Wilts, Oxon, Yorkshire. Wey- 
mouth ^ upper rale ^ it. 

630 The upper oolite formation; Kimmnidge clay, enmpusiimn, 
layers of ostrea delta ; Portland oolite, m Portland, ,*t Chick- 
grove, Brill, See. ; the dirt bed of Portland. 

631 Tfike Wealden formation in three groups; Purbeik hods, Hast- 
ings sands, Would day. 

632 Evidence. for tint fresh- water origin uf the formation. , * 

633 Foreign localities of the oolitic system considered ; range and 

# , extent of thl; system ; its divisions locally the same as in 

Bnglund, but generally there not recognisable; the organic 
mcnvifB unequally distributed, *• , 

634 ‘ Disturbances tr£ the ophite sysfnn ; Yorkshire, Dorsetshire 
* Caithness. On the Continent more extensive. 


Tkutiauv System, 


671 General view of this system of strata deposited in the sou and 
lakes ; its geological limits toward the older deposits easily 
known, but towatd the modern cm difficult to be fixed ; 
leu-ons lor ibis in the varied nature of the deposits ; the un- 
certan.t) of tin* applicability of a common scale 1 of time to 
the independent changes uf uigauic lile un the la nil and in the 
.,ea; geneiul conclusions. 

672 Physical aspnd of thr globe at the commencement of thi* 
terti.oy epoch; various teitmry seas; tertiary system of 
England; lower marine formation, including plastic day, 
Loudon day, and Bugshot sand ; 67 4, i‘re«h-watex gioup of the 
isle oi Wight; crag, us two mmeral types, vast n umber of 
shell*, A c. 

67 5 Foreign tertiary system ; under who! rimuuMauccs deposited, 
in arms of the sea, included basins, estiqnes, lakes; extent 
ami torn) of the tertiary sea of Europe, Ac. ; its relation to c.r- 
xstimj si as; 676. comparison of the Fiench and English 
teifiune*; [)la%tic cl.i); lower ln-sb water, upper marine, 
upper Bosh waici ; Touraine beds ; 678, tertmries ill the Souih 
of Eiauci’, on the North of the Alps, at Vienna, m Truu- 
svliania, at (iosau, the l ntersbeig; <>79, on ihe Gosau 
beds, inolasse oi Svvisseiland ; subapenmne mails; Sicilian 
deposits. * 


Relative Antiquity of Ter limy 1 hr posits 

0S0 Thiw important subject is fully discussed .* zoological evidence 
alone admitted to be of ceneial application ; mole of employ- 
ing this evidence, in iclutuui to oldei rock*, dated ; proper 
mode ufr emplo) trig it for tertiaty simtu exemplified; limits 
ot the reasoning ; up, i t and lower terms for comparison 
defined; linperfictions of the piocess when applied to jem 
tirulur cases without allotting for loud circunnrtunren. 

681 M. Pesfuiyrs* invest igu than analyzed ; marine tertiary species' 
comp.ired to an uppu term ; { Iiviug speciey ;) to a lower term ; 

{ basin of Paris i) M. DeKlmyetd conclusions supported by 
both tests, ’ 

6Kl General result*. 

682 Organic remains of the marine tertiary strata* 


Lacustrine Tertiarie*. 

68 1 Data for reasoning concerning their antiquity f certain deposits 
j described ; m Central Francis in Provence, At CEmngeu. w 

685 Ligmtic dejmsitw of Swisserland, Ac., of Bovey Tracey, file 
Meissner. 

686 
688 

5 M 2 


Organic remains of the lacustrine tertiaries. * 

Dislocutiims of the tertiary Rlmta in the Souffrof Euglaml. 


* 


\ 


t 


» 



804 


INDEX 


« 


IlldvX tO 
Geology* 


i 


Page 

Dill/ vial i)epos it*. 

688 Distinction between these and the tertiary ttraia ; origin of 
the term Alluvia] j relation of the phenomena it includes to 
the Non chan Delay? ; proofs of the extraordinary violence of 
water afforded by those deposits ; example of the transport 
of detritus from the Cumbrian mountains .to the South-East, 

, from the Lickuy-hiU to the East, from the Lincolnshire wolds. 

690 Still more extensive effects of analogous causes among and in 
the vicinity of the Alps ; circumstances attending the dis- 
nersicj of the erratic blocks of the Alps, -and others from 

* Scandinavia, os to arrangement, number, magnitude ; direc- 
tion of the currents to which they owe their transport ; general 
iiVj 'rence on this part of the subject. 

691 Oral J deposit it • animal population at the time of these diluvial 
currents'' widely diffused over the Northern regions of the 
globe ; consisted of many species of quadrupeds congenerous 
with those now living, but for the most part specifically dis- 
tinct. 

69*2 That they really lived in those regions where their remains occur 
proved by several fads, especially by the history of the 
ossiferous caves. 

Ossiferous caves} their situation, characters, how formed, how 
filled with hones ; Kirkdule cave tenanted by hvMUins ; 694, 
Kuldoch tenanted by hairs, which died then* ; Mciidip ochre 
caves and Urestou caves filled by accident uml aqueous 
currents. 

695 Osseous breccia of the Mediterranean analogous to these latter 
caves, ami filled like them. 

The question of the climate of the Sort hern regions in the dilu- 
vial or clephantoidul era investigated as a question of Philoso- 
phical Zoology; 696, new evidence brought to bear on the sub- 
ject; the hair-covered fossil animals of the lev Sea, and the 
association of recent shells with exhnet animal* in Yorkshire. 
Other problems considered; geographical extent of tin* pheno- 
mena ; 697, length of the diluvial period ; geological monu- 
ments of the existence of man ; 698, supposed contemporaneity 
of human and quadrupedal bones U«*ai Leipzig, Nice, thr South 
of France; the latter example investigated, and a general 
conclusion adiqrted on this subject ; an attempt to assign the 
causes of the diluvial phenomena. 

699 Tabic of Organic Remains in Caverns and Superficial Deposits 
subsequent to the Tertiary Period. 


r «r> Index to 

initial waiting effects of ihe atmosphere, the power of the Geology, 
river current, and the character of the valley itself, 

70 7 Rivers mth lakes occasion other peculiarities; the lake receives * 

all the sediment and discharges thu water pure ; new laud is # , 

thus iormed at the head of the lake ; the materials m it 
» being arranged in particular yietined conical surfaces, and 
measuring the whole transporting effect of the river since it 
began to flow. 

Lacustrine deposits of shelly marl, clay, peat, Ac., are Analo- 
gous to the ancient freeh-wdter tertiary beds. 

708 Delias formed in the sea at the mouths of rivers nearly as in 
lakes, and coasts extended os on the Adriatic by the same 
processes ; the nature of the materials of which they consist 
varies according to locality, and lx>th in this respect and in 
geographical area deltas present close and 1'rCquent analogies 
to >uiiu? old sedimentary rocks, 

* Hors at the mouths of rivers, how formed ; area of remarkable 
deltas ; geological chronometer formed by them, why de- 
fective. 


Jetton of the Sea 


70.) Erosive and transporting, as in rivers; wasting of diffe, how 
occasioned ; to whut degree cm the coasts ol Yorkshire and 
Norfolk ; extension of nuosh hind un the same coasts, how 
produced; diHfeieut effects o! the sea; ulte male production 
ami destmction of land , incessant action of the sou in urrung- 
r ing and disturbing the sediment gathered from the land. 

709 (anal islands^ their giowth, quantity of carbonate <4 lime 
solidified by them ; coinpjui’-uii of coral l eel's with certain old 
limestone srruta, how tai just, and in what respects delusive. 


CHAPTER III. 

Dksckiption of this Rocks ruuunrKD by Iunkols A«knoy- 
711 Introduction, containing a general \iew of the subjects to be 
discussed. 


PART I. 

On Hocks produced by Igneous Operations of a simitar Nature to 
those now taking pla*.e. 

Sue now 1. 


« 


Deposits ok Till Modern Era — Modern Causes in Action. 

701 The relation of terraqueous agencies ui ancient and modern 
eras is a proper subject of geological inquiry. On thri point 
the differences of opinion ure great, hut reducible to three clashes 
one denying the analogy of ancient and modem physical 
operations ; another admitting agreement in the mode ot 
jj>e ration ; a third asserting identity of kind and equality of 
effect ; modern causes in action are then examined. 

The uniting effects of the utmusphert, chemical, mechanical, 
or combined, on fedspathic and other rocks, contrasted with the 
conservative power of ihe ground; waste from hnmidit), ex- 
emplified from changes of bent and moisture, parallel to artifi- 
cial surfaces of several kinds of stones; 703, influence of 
frost on slaty rocks ; in the Right mountains. 

Effects of mtq on druidical monuments, on grit rocks, in hme- 
fdune cliffs and floors, producing channels like miniature 
valleys. 

7,01 Effects of inundation*, m Scotland, iu Yorkshire, m the 
Alps. 

Effects of Streams, and Rivers. 

TO* Of two kin<K excavating and transporting ; erosive effects ex* 
amplified in Tvnedale, in the Lincolnshire rivers, in yarious 
nver deltas, in Etna, in Auvergne. 

Waterfalls and cataracts, how formed, and continued ; at 
what rate they waste the rocks, and cause recession of the 
fall; Falls of Niagara. 

Transporting action of streams discussed ; rivers without 
lakes; waste of the uplands causes elevation and fills irregula 
rities of the lowlands ; the Yorkshire Oun« ; the vulle>s near 
Schaffbausen ; in Ipw ground, and at the mouths of rivers, 
large accedfciott* of sediment happen, new land is formed, 
and the rivqr mouth is carried forwards or turned in new di- 
' rections ; 706, ihe materials transported vary much, and remind 
ns oPthe ancient earthy and carbonaceous strata, to which a 
similar* origiu has "been ascribed ; the arrangement of these 
materials and the general effects of rivers referred to the 


Description if Volcanic f'hrnumtna m different Parts of the World. 

(General Notion of Volcanic Action . 

712 Phenomena attributed to volcanic adieu; phenomena ad- 
mitted to be volcanic ; evidence of volcano actum: local 
internal commotion ; the structure mu} up pear truces of the 
mineral musses on a large scale ; the characters of indi- 
vidual rocks; 713, these c|ia*^*teis specified; trachyte, giej- 
btoius ; analogy of other volcanic rocks to these. 

Division of volcanic product* according to their age ; the 
ag^ of valleys assumed us definite, and the volcanic rocks 
divided by this si uml aid into untedduvial and postdiluvial. . 

Postdiluvial volcanic rocks, mineral characters of these. 

714 Antediluvial volcanic rocks , their characters; distinction of 
subaerial and subaqueous modern volcanos. 

Active Volcanos of Europe. 

Vesuvius, historical view of its condition ; destruction of* 
Pompeii and Stabile by diy ashes; of Ilenjulamuiw by tufa- * 
CBout* mud ; other eruptions noticed, 1 

Pklegreim Fit Ids, subsidence, of their Volcanic excitation 
since Vesuvius became active; vbe pfibuomena still mani- 
fested in the 

716 Solfaiara described ; sulphureous vapours ; decomposition of 
the truchytic rocks. 

Monte Nrnvo, thrown up in the }SfVlth Century, after earth- 
quakes and flames, consists of loose materials ejected in a 
few days ; heat still manifested at its base. 

Grotto del Ca/ie, near Logo Agnano, its mephitic vapours. 

Puzudana , extent of this deposit along the base of 
/he Apennines ; its composition, antiquity, elevation above 
the sea. 

Temple of Seraph at Puzznoli, circumstances which indicate 
repeated changes of level affecting this locality. 

Islands of IfaeiSa and Ischia— of varying tufaceous compo- 
sition j later pumiceous products of Ischia ; present high 
temperature about it. 0 
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Geology. 718 Other parts qf Italy — Mount Vultur j great antiquity of its 
r . .. action. 

Rocca Monfina; buried town at Sessa; Poiusa Islands; 
• volcanic phenomena of the Papal States , Albano, Rome, 

Viterbo 

North of Italy — VaUeiTa; Knganean Hills. * 

719 South of Italy — JUipari Islands, hot eprings, volcano; 

- Strornboli, its unintormitting eruptions; bods of puzzulana; 

dykes. . 

Sicily — -alternate volcanic and nepfunian deposits of the 
tertiary era; Val di Nnto ; Mocalubn; Ktuu, its vast mass 
comparatively modem; consists of lava, beds, and tuff* with 
dykes of trachyte and basalt ; erupted in tho air, while those 
oi‘ the Val di Noto took place under water. 

Sciaeca^ot recent date, and traqpient existence ; elevated 
on a line of volcanic action ; from deep water. 

72 0 Grecian ^tr chip el ago — ancient and modern elevatioift affecting 
Santorino and the adjacent islands ; line of volcanic operations 
through Milo and Argentiere to the ancient Methone. 

Ireland — great scale of its continual volcanic excitement ; 
lines of volcanos ; vast lava flood of 17H3; island which rone 
and sunk again iu that year; Geysers, their intermitting 
character explained ; solution of silica. 

Jan Mayen, sup|msed to have been m action within a short 
pe iod. 

Extinct Volcanos of Europe . 


721 Portugal \ on the Eastern side ol' # g«oiy Lisbon, in Beira. 

Spam— volcanic appearances ol Cap di Gaieta ; volcanic 
cones of high antiquity near < dot. 

France — Noith -East of the Pyrenees, Ceveunes, Vivarais, 
Buy, Criiitul, Mont Dor; volcanic musses of Auvergne, the 
\ ivariu.s, Buy trn Veiny, produced since the date of the 
valleys, though some are cut by existing streams into 
ravines, h * v < my craters 111 Auvcignc ; five domitic hills near 
Cdcimont distinct 111 their origin fiom the other volcanic 
iimmscs ; vuppo'i d by Von Buch to have, been heaved up, 
imt ejected . ctenuc’eiistic phenomena bearing on this ques- 
tion specified 

723 Germany — K\ fei volcanos, cones, ciateis vkuh lakes; few 
truus oi lava streams; icierred to comparatively modem 
pel iod. 

Siebengehnge : basaltic and trachytic hills protruding 
thiou^h schists snpcipostd on L-rtuuy hrown coal ; basalt of 
the VVeMvwald, VogeLgehngo. Frankfort, ILinau, Cassel, 
Kise.uirh , alteration of si 1 an fled rocks. 

( hlenwubh Kaiserstuhi. Noith or Lake ('(instance* Khonge- 
birge, Fichto'gebirgv, Tophi?,, Kicttcngchirge, Erzgebirge; 
overlying nuts-ir* of basalt on the western holders of Moiavnt. 

724 Hungary— five volcanic groups m the Noith of Hungary; 

). Schemrutz and Kiemmt/. ; 2. near Gnui; 3. mount am of 
Matru , 4. from Tohm to Kpenes; b. Vihorlei, connected 
with trachytic mount Ims of Mnrinarosch ; all of high an- 
tiquity iu the tertiary period, erupted in a country lull of 
hike*. ' ‘ 

Sty ml — the Gleichenherg ti achylic, group on the lies- 
phorus. 

/ olcanos of Asia. 

Asm A)i»on— ths Troad ; Smyrna. 

Dead Sea — hypothesis proposed concerning tho course of 
the .Iordan, and formation of this sea. 

$ *Red *‘y , o — active volcano of Zihhel Ten. 

725 Cent i a! Asia — Mount Ararat, Deimveud; reports of vol- 
canos in tl'*A|great ubprossion of the Earth's surface, including 
the Caspian, rAral Toobe, Peeltun, Tourfan. 

Kwuts' hot hi — very active volcanos; volcanic line of the 
Aleutian Islet, to Alaschku; rising of the. trachytic island of 
Uualoschka in J 795 ; line of volcanic vents by the Run loan 
Islands, the Isles of Japan, Loo-Choo, Formosa, the 
Philippines, Suuguir, Celebes, Termite, Fidore, tho Mo- 
luccas, Sarabawu* Java, Sumatra, and Barren Island; East- 
ward range of volcanic phenomena from Sam haw a, 

Pacific 'Qcrwi, volcanic groups and islands of. j 

Volcanos of Afnoa. 

736 Madagascar ' — -M au r it 1 ns, Bourbon, its frequent lava streams 
and ejections ; St. Helena, Ascension, Tristan d^kcunha, &c.j 
Cape Void Islands* * 

Canary Island* — Teneriffe, variety of its volcanic products , 
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the Peak ; crater eruptions ; Hank eruptions ; other islands 
the Caldera of Talma; origin of the Baraucos ; Ltmcerote. 
Madeira — Mount Atlas. 

The Azotes — St. Michael, R 1 Pico ; Island of Sabrina raised 
and sunk again, 1811 , 
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. ... Vuleamz of America . 

727 The Antilles — nature of these Islands 5 the volcanic portion 
Classed m two divisions ; 1. Grenada, St. Vincent, $t. Lucia, 
Dominica, Montserrat, Nevis, St. Christopher, St. Eustachia ; 
2. Martinique, Guadaloupe, Antigua, St. Barthelemi, St. 
Martin, St. Thomas ; connection of the Caraccas moautahi*, 
through the Antilles, with the mountains of PdrtafKieo, 8 t 
Domingo, Jamaica, Cuba. * jr 

72S Continent of America— North America — Catif-jr&a ; Mexioq ; 
great theatre of volcanic action ; variety df rocks here pro- 
duced ; Kant aud West lino of volcanos extending to the Rivil- 
lagigedo Isles ; Jorullo, its recent origin, described accord- 
ing t<> Humboldt ; other lines and groups of volcanos 
Guatemala, Nicaragua. Columbia; connection of these latjr 
in one sy stem ; relation of this line of volcanos to Mhe 
Andes. » 

South America — Extension of the line to Chili where rixtowu 
active volcanos exist ; thus ail the Vi ester it coast of America, 
South ot CttUlorma, out* great thoauv of volcanic action. 


Section 2. 

Other Phenomena referable to Volcanic Action. 

7 29 Review of the preceding observations on volcanos; other phe- 
nomena to be considered. 

. Earthquakes proved to In* connected with volcanic agency, by 

coincidence or leciprocatum of period ; instanced by the rela- 
tion of the eruptions of Etna and Vesuvius to certain earth- 
quakes : other evidence from Culinub a, Quito, Chili, Lan- 
zerote, Teneriffe. 

730 Phenomena of earthquakes ; shocks, undulations, vibrations ; 
subterranean noises ; eruption of flames ; alteration of levels 
of water ; meteorological phenomena ; speculations as to other 
than volcanic causes of earthquakes ; electrical accumulation;* 
internal cavities; gieat extent of the shock of earthquakes 
no aigunu tit against their volcanic origin ; nut iueomcilable 
with mode: ate uepth of the exciting cause. 

731 Thermal waters also connected with Volcanic action, because 
they emit the same gases as volcanos, sulphuretted hydrogen, 
caiiionic acid, nitrogen ; this latter given off by Vesuvius, 
Seiacca ; aho by hot springs of CttsteU.unore, near Vesuvius, 
und Auvergne; also by thermal waters of the Alps, Bath* 
Buxton, Bakewell, Stouey Middleton, dnd Taale's Well; also 
in Ceylon and Venezuela; quantity of this gas evolved at 
Bath. 

732 Situation of thermal waters shows their relation to volcanic 
agency ; near volcanic groups, elevated chains of mountains, 
along lines ol dislocation, ; instances in England. 

Heat'd such springs related toibe period of volcanic excite- 
ment, hottest when that is still active, least warm when Dial 
ban been long extinct; no local chemical action adequate to 
account foi such etlects. 

73) t'arhomc acid m springs also indicative of volcanic action; 
proofs drawn from the position o( sAch springs, in relation to 
thermal waters, aud dislocated strata. 

Mud volcanos or noises not really of volcanic origin, but due 
to local chemical changes, as m Sicily* mar Modena,* New 
Andalusia, Trinidad, and Island of Taman; often excited 
among the substances produced by ancient volcanos : salt 
springs of Ohio. , 

Emanations of inflammable gas not admitted as evidence of 
vulcanic action in coal mine#, on the Apennines, near GreAo- 
blu, in Albania, Baku, where considerable eruptions ar se 
from this cause. 


* 


V 


« 


Section 3. 

Theories of Volcanic Operations considered . 

734 On u hat data such theories to to? constructed , in one class of 
theories heat considered a# an effect, in ^pother assumed as tho 
general cause ; the former limned hj rejection of uu. satisfac- 
tory hypotheses to a certain chemical pustulate, *•» z. thw oxygens 
cation of metallic base# of Ilit* alkali# and ea/ths ; /the Uuter* 
reduced to the general theuiy of internal heat qf the Globe ; 
mode qf investigation to be followed fur the discovery’ of truth.. 
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Index to Da(jr« 

Geology* 735 Geographical distribution of volcanos; linear and central vol- 
v — — ‘■v— - * canic ay sterna, supposed difference of their origin ; great vol- 

canic bands. 

736 Proximity of active volcanos io the sea or water, a general 
1 fact to which hardly miy real exceptions occur ; extinct volcanos 
'* npp»‘..r t“ have had the same relntioft. • 

1 Products of vo/rartiv operations ; aeriform * fluids evolved, 

itt'Ain, cldorim\ sulphuretted hydiogen, Kulphmous acid, car- 
home acid, nitrogen ; circumstances accompanying their ap- 
pear -net?. 

71)7 iythstances not yosmus sublimed ; petroleum, sulphuric acid, 
borarie acid, muriate of ammonia, specular iron ore, muriate 
of so^i, sulphur. 

substances ejected j lavas, their chemical compo- 

« f mt ion ; teih^eruttm* of flowing ; fusibility of busuli ; anal) sis 
of the lava of Ktna ; notions concerning the fluidity of lava. 

738 Loose fragments ejected analogous to lava; general relation 
of solid volcanic products to trachyte ; that rock considered 
» with regiud to its uiigiu. from the fusion of gianitic rocks ; 

' its geological relations strengthen such an opinion. 

* 7*0 Constitution of a relcmuc mountain m gcoci.il; crater of an 

* active volcano ; explosion ; causes scoria 1 ; Conditions which 
determine the frequency and U*rce of eruptions. 

Craters of eruption ; their effects described ; quaquavcrsal 
dq» of the volcanic -accumulations round such craters. 

7*41 Craters o, ‘elevation ; rli.it such exist piobabie irom then own 
appearance, as m (heat Canary, in Palma ; trom the existence 
* of domes ot trachyte, as m Auveigne ; that such weie iq>- 

Ivfted. pioots o tiered , the structure of Puy Chopine examined ; 
ither casts of cuiter formed elevations of rocks not vulcanic 
t in the Kyfel, *Vc* ; alter.itiuu of common limestones to dolo- 

mites ; supposed sublimation and tmu»ier of magnesia : ( rick 
Ilill n case of elevation. 

743 The same subject illustrated by testimony of the elevation of 
vulcanic roiks; instances recorded, near Kautnrmo, near Una- 
luschk.i, Seiiu-ctt, Jumbo; cavities in volcanic mountains; 
falling m of PaoenduA <tng. 

74 t ( 'raters tf e/ t ration, how distinguished from those of crup- 
t turn ; to what extent it is supported by distinct evidence ; how 
i t far admissible ; renew of this pait of the subject. 

Section 4. 

Theory of Co/ cam a Operations. 

745 Recurring to the tu«> theories formerly mentioned, their pro- 
minent characters art* contrasted ; the extent to which the 
theory of internal heat appears to satisfy the conditions of the 
ease specified ; the imperfections of this theory stated ; pro- 
ducts of volcanos examined to test the piohabihty ol the theoiy 
of oxidation of metallic bases; bearing ul the known mean 
density of the Jhirth or, tins discussion. 

7‘*H Statement of the iheory of chemical actum ; existence of nlka- 
hnc and omthy metalloids at model Ate deptjis in tlie Eiuih; 
cfJect of admitting oxygenous substances to them, under the 
land, nudvr the sea ; effect of admitting w ater to such metallic 
9 bodies traced through the vauous chemical products of vol- 

canos ; general conrheAou of prcleiencc lor the chi mical theory 
of volcanos on the ground of its more fully embracing the 
numerous phenometU observed. 


' PART II. 

Description of Packs attributed to Volcanic Action taking pUe.ee under 
Circumstances different from thosli before considered. 

Section 1. 

• * ' * 
On Trap Hocks. 

7411 fiH reduction . Connection of the study of modern volcanos 
with inquiries concerning the effect sof the same agencies in 
ancient geological jh ru-d-.. Composition of basalt ; 75 0, green- 
stone, syenite, clay stone porphyry, pitchstout*, &c. Ac. ; general 
duo aiders of the foregoing rocks; their mode of occurrence; 
interposed beds; 75 1, pmimnhc structure; spheroidal struc- 
ture ; tihulur ttop ; dykes* of trap; their effects on contiguous 
rocks, on coal. 

752 Ort /in of imp tacks derived from igneous agency; Home of 
* them qu4e analogous to the products of existing volcanos; 

Wernerian ‘h vpol hems of the Aqueous origin of trap; 753, 
« arguments Adviuicid in its favour shown to be fallacious. 


Pag» « > , 

753 Differences between lava and basalt explained ; Accounted tot 
by Or. Hutton on the principle of prewrare modifying the 
effects of heat ; exjierimentally proved by Sir J. Hall ; why 
submunne lavas cool slowly. 

7 55 Prismatic structure accounted for; found in recent lava, at 
Terre del Greco* at Nicdermennig, in the Vivaraw; greater 
frequency of dykes in trap rocks Ainu in modern volcanic 
rocks ; such dykes occur in modern volcanos, as in Sununa 
and Vesuvius ; reasons why they should more abound in 
submarine lavas. . 1 * 

750 Trap rocks, at what periods formed ; cases of the formation 
of trap mining old secondary strata at intervals during their 
deposition, und at subsequent periods ; much of the trap of 
Ireland and Scotland posterior to the age of the chalk ; remark- 
able prevalence of trap rocks during the tertiary period ; 
abundance of trachyte formed in the same period. 
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Section 2. 


Granitic Hacks . 

757 Various conditions of the prmluction of igneous rocks ; distinc- 
tion ot submarine, subterranean, and suboerial volcanic pro- 
ducts ; granitic and basaltic rocks compared, nigl thus a 
gen mil scale of igneous products indicated. 

Rocks allied to gr unite ; general argument for the igneous 
origin of giauitc; peculiar character of granite; from what 
cnemnst. mces derived* 

758 Comparison of ancient and modern pyrogenous rocks • fels- 
pat luc , huiiiblcndo-iolspiithjc, lvornhle.udic ; structure of each 
group ; granite veins : view of the mineral composition of yt o- 
nite ; remarks on its constituent in morals, tclspar, quartz, 
mica, the order of then crystallization; Contemporaneous 
reins ingrumte; imbedded minnals in granite; considerations 
on ihe i ryst at l nation ot gi.nute; its elementary composition ; 
chemical analogies among pyrogenous rocks. 


• Section 3. 

Hc/a'ive . /<•'■ and skaractenstir Phenomena of Pyrogenous Hocks. 

7b0 Age «/* platonic rocks, how to be obtained ; by reference to the 
date ot convulsions, Urination of veins, mterhunmutinn with 
rocks id known age, division of strata by dykes. 

Arran, an eiiimph oi pyi ogv nous rocks in genoi id ; its geneial 
featun s ; its granite ujiheaved in a melted stale, at u certain 
period, travel seil by dykes of othei igneous /ticks , the genet al 
feat i lies oi these dykes described : 701, alterations oi strati* 
tied rocks; geographical relations o« the pyrogenous rocks ; 
no granite dyke; no hoinbUnu.c granite; dependence of 
dykes and veins on granite tlev.it ions, 

7(31 Ot unite dest tubed ; it-* ages in Bfitam various ; granite veins 
abundmi; granite wit hunt veins rare in Britain; veins m 
slate of Auan, m luneHtune, Ac. of Glen Tilt, in killay of * 
Cornwall. '■> *■> 

7(»2 Felspar porphyry described in Ben Nevis, Bon Cruuchan, tho 
Cumin mn mountains, Noith Wales, Cornwall. 

753 Syenite of Malvern ; remarkable position of strata in contact ; 
syenitic dyke. « * 

Hop, rsiht nr rock of Cuchullin, Carroc.k, Radnorshire, (aim- 
wall ; that of the V alt el me described in its relation to granite; 
that of Skye hi connection with syenite, greenstone, has tc. 

7134 Gnbbm, duillagr rock , serpentine, &c. ; localities of tlfete 
rocks, stratification ol serpentine considered. 

Greenstone of Salisbury Craig dedypibedf its effects on the 
sandstones and shales included and otherwise placed in contact; 
subsequent elevation of the rocks. 

765 Basalt of the North- Fast of Ireland described ; section of 
Foirhead ; contact with lias at Bortruslf ; dykes in iVd con- 
glomerate, in coal measures, in chalk ; change of this latter 
to granular limestone. 

766 Basaltic formation ot Upper Tees dale described; its relation to 
the carboniferous limestones, shales, and sandstones; remark- 
able, dykes apparently related to the great u Whin Sill me- 
tallic dres by the side of a dyke. 

McUiphyrr ; opinions of Von Bach concerning it; elevation of 
the Alps ; dolamUizntwn of limestone ; how this latter supposed * 
to be accomplished^ pfohable fate of this hypothesis. 

767 Clay si ant of C 6rv gills and Tormore in Arran. 

flagstone, porphyry of the West coast of AAmn. 
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Index to , 

Geology. Amygdaloidnl trap of Kinnoul; its mineral composition ; effects 
on MundatoneH ami shales of Oban. 

* MaeJke of the Cal ton Hill alternate* with bituminous shale 

• and argillaceous ironstone, 

708 Pdchsiom in Arran ; dykes and interposed beds ; mixture with 
hornctone and gieoustqfie iu dykes at Torino re ; that oUCury- 
gills described. # 

Trap tuff. Porphyritic breccia, <( volcanic sandstone,” as seen 
. in Cumbria, in Glen Coe, #tc., near Edinburgh, near Oban, and 

in the Caradoc and the me kin. 


■ BKCrxdN4. 

V Mineral Veins. 

709 State of knowledge on this subject ; wa it of union between men 
of science and practical miners; distinction of rocks, dykes, 
and miner' 1 veins; plan of investigation in the following 
Treatise. 

Subxtniuex m a mineral vein ; extieniely various: m vanous 
states of chemical combination ; metals, pme, alloyed, mine- 
ralized by union with corn bus* ibles, with oxygen, with uculs; 
noil-metallic substances, the gangue or vein si nil*, crystallized, 
massive, eairiiy; the u liirfcr. 

770 Modc^f aggregation of the substances ; veins tilled with one or 

many sorts of mineral mattei ; distribution of the diHeienl 
substances various. # 

< renin al idea ot a mineral vein ; hum in* of successive crystal- 
lization ; successive deposition ot those hmiuc a very plausible 
hypothesis; let,* satisfactory on a great scab 1 ; the subject fui- 
ther examined ; firmer s opinion as to Die association ot certain 
minerals in veins occurrence of rolled and fr.iginuuled masses 
in veins; genonf form of veins; Jake veins, pipe veins, flat 
ve’iis, gash vims strings and feeders ot a vein; ndered 
rock , metafile siihilances disseminated in rocks near veins, ui 
Cornwall, the Nmthot England : tin disseminated in granite: 
tin flnois oi Cornwall , stock- ivmks of the I'arvs mine, Dan- 
nemora (iever. 

771 fii‘iatiun\ uf veins tn rath other ; phenomena at their intersec- 
tion, a-’ to ncniiesN. leriproeity ; age of veins us indicated by 
tlunr intersections , this subject examined ; fund omental 
jm\tnf'ite ; objections to the admission ot this: evident e ol* 
Cornish mines on this Miiject considered ; effects in tin* neigh- 
boudiood ot a vem; diameter ot veins in different rocks; 
phenomena of coiitunpouisiious veins ; this term limited in 
its application; conclusion of the argument; intersection of 
v chin resumed ; appearances At the crossing ; slips and disloca- 
tions nrooiii p?0i\ mg veins ; real and apparent movement of 
the mineral masses. 

77?, Getuf eaphteuf relations of reins ; situations and character of 
vem*. as to height of giouiid. depth irom suiface , variation 
of contents in proportion to depth ; dimensions ui miueial veins, 
length, width, «\e. , dircvtums ot mineral vain, u general law 
hereon ; East and West direction common m Britain ami Eu- 
rope ; duectnios o( veins related to then antiquity in Corn- 
wall. in Geinnnv ; dnechun ot mining disinet s. 

771 Cuuueeinm ol \< msflissoicHs mam joints, anti cleavage, kc. 
shown to boreal ; relation of mnieial veins to the T'orfu whieli 
inclose them ; ifnpintance and dilticulty of tins subject. 

1. Relation to the diffeimt kinds of locks ; are vein* independ- 
ent ot tbeirVbeinii al ami muit-nd dtveisity r ' are certain mctaU 
specially associated with particular locks'* tnst.iiir<‘b tor and 
agamst tins not, on, m Cornwall, in Silesia, \c,m the North of 
^Cngl.uul > vttiious cncuinstaiKOs of the* latter case ; quantity 
of lead in the d ilk re id “ bearing beds” of Alston Moor ; gene- 
ral coucIiihuuiq 

Harts of a i tim, allured as if in contact with trap, smoothed 
mid polished ; Shckvnside, evidence it atlords of movement of 
the masses. 

770 2. tU tulion to different ages of rocks ; evident as u general fact , 
metallic veins inoSt abundant in primary and eld secondmy 
strata ; the same relation obtains in rock dykes ; very modern 
veins at Joachiirndhal ; contents of veins supposed by Weiner 
to characterise their ages ; hi* descriptions of eight systems 
of vein*. « | 

77? 3. Hctutum to local centres of igneous net urn inquired onto : in 
the older rocks veins most abundant where igneous action has 
been mudh developed, and vice vifsd ; in newer rocks the 
same relation decidedly proved; conclusions adopted on this 
subject ; under what limitations ; successive production ot 
trap rocks and mineral Veins under the same physical regiou. 
778 Etectricity qf \eins ; Mr. Fox’s experiments v ousideu’d . 


I*mj« 


CHAPTER IV. 

Gukuuai. Investigations a no Inekhencks. 


, Section 1 . 

On the (foko filiation and Alteration of Stratified, flacks. 

778 Effects r of phi tome on stratified rotks; consolidation, partial 
fusion, vitnticatuin, crystalline rv-airangenieut, genomtion 
of new minerals; sublimatum of paiticular substances, coal, 
sulphur, bitumen, kc. ; relation of igneous rocks to cmivUrctivCr 
disturbances of Die strata, such that their local exhibition de- 
pends on the same cause; comparison of these two .riLirs of 
effects; existence (simultaneous or successive ) of *u*ed rocks 
below the strata admitted, and their eleviit .mi ascribed iu* 
mechuuic.il agency. 

Consolidation of the strata shown to be m the ratio of fheii 
age, oi rather ui their proximity to the* interim heated regions 
ot the Globe ; the lower strata not mvudy consolidated, but a 
partially altered in structure, composition, uuangement of pa’v' 
ticks, 8t c. , gneiss, mica slate, clay slute, considered in this ie- 
spcct ; similar review oi the secondary and tertiary systems of * 
strata, showing the decreasing eflccts ot heat in them. 

Effects ot heal on the deposition of certain primary strata. 


Section 2. 

On Disturbances of the Strata. 

781) )- Geological pi nods of convulsion ; proofs of convulsion, 
founded upon au investigation of the sedimentary dejmsds, 

• ui agitated watei, m tiiUiqml Water, With or without nveis , 
sloping deposits rare and pcculiai ; hon/ontal deposits of gene- 
ral oecuirenre ; convulsions, how piovul dneetlj : how lo be 
mfeirid horn coll, dt Mil effects ; how to dtteiminu the epochs 
of L»n‘ut/\ion, outlie scale of successive deposits; limits of 
greatest and least antiquity, how to l>e assigned ; ipiestion as 
to till' dm utioii of the t orn tdsions ; vvtie they etlected by one 
or a lew vast efforts, or by many small and graduated move- 
ments ; limits examined with tins view ; i elation of suck faults 
to ores of convulsion; luiereneo in favour ol short pt nods of 
great violence. 

783 Table of the geological pen mis of convulsions m Gieid Tiri- 
laiu ; another Table applicable to Europe. 

2. Dim /ton of mnvul*tve movements. governed by certain law - , 
E'./ie de Beaumont's hrj pot Unas stated ; in wind maimer d can 
be fairly tested ; diflicultieii m the process ; disb-catiotus which 
are not known to be of different ages, and others which art 
known to be oi different ages, einploYed*as Uata for examin- 
ing the hvpotiiesm; two id’ M de Heaumont s Nisti-ms of 
convulsion anal) /od ; more bnwted iucjuiry ucominendcd and 
exemplified. 

780 Dn retail or strike of the strata generally jiarallel to Die 
great chains ot mouidains. b«ith in the Old and Now \\o»Ul , 
North -East and Soutli-West ►trike el strata very mijuout ; 
parallelism nt stuJvo- of strata Hinl cmves oi magnetic i;«- 
tensity accmdn g to 1VI Necker, m Europe, North America, 
and Asia. 

787 d. Effects of convulsions m altering the relations cf land and 
voter; elevation of land, at what penuds bv what processes 
idlccted: g» uernl impies.sion on tins subject correct, but not 
complete; j mini/ eft ration of land a consequence of convul- 
sions, proved by examination oi mountiun chains and grou^ff 
w'luclr bbow angularly elevated strata, ami indicate veitiuil 
moveineei x , elevation of land above the sea, on what evidence 
to be admitted. # 

O rran level ; speculations on tins subject ; phemmienn of tins 
lev 1 1, vv it bm ceil am hunts, examined; bj what causes v.u fa- 
ble ; I. tempeiatinr of the water; 2. general change of the 
dimensions of Die Globe, of its internal nucleus; m internal 
movements capable *>f sliglitly changing the mean level of 
the ocean; calculation of the amount uponstvei.il assump- 
tions; umchision ar'opted, that the mean ocean a free/ is nearly 
permanent 

Elevation of land not in nil eaSi s convulsiw, buLin sonic 
enseb gradual ; extent uv wdiicli this piincq^e may befipplied j 
proposal of a hypothesis on this subj^ct^ that the concentric 
interior masses of the spheroid may not be of uniform aLmsity, 
amt that the densities on any one mdius may be varialde by 
reason of intestine movements ; probable eflecU ub such con- 
uiiiousv 
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Geology. 780 Sketch of the relatione of land and water, prior to the forma- 
t [|Br ^ > tion of strata, during the formation uf primary strata; at the 
conmiencHiiriwnt of the carboniferous epoch ; origin of coal ; 
places of growth of the coal plants, before the saliferous epoch ; 
before the oolitic epoch ; difficult problem of the relative ele- 
vation &lx>ve the sea of the successive secondary systems of 
strata. ' 

791 4. Effect of convuUions on the deposition or strata and organic 
life ; mineral characters of the several systems of strata com- 

\ pared with the sedimentary deposits now formed by the ordi- 
naiy processes of Nature; origin of diversity of sediments; 

universal strata, not even the oldest primary strata, still 
leftist he newer rocks ; contemporaneity of changes of mineral 
chanft'fjr and general or local convulsions ; dependence of the 
former oif *he latter; sodden or gradual effects of this nature ; 
case suited to modern hydrography proposed. 

792 Successive rude* of marine ammal* might he changed by the 
same operations; transference of organic life ; co-ordination 
of convulsions, changes of organic life and mineral sediments; 
freshwater and marine utternultons dependent on local sub- 
terranean movements ; difference of cases ; proximate and 
remote convulsions ; corresponding effects. 

79a The Weald of Sussex j Mr. Lyell's hypothesis oft Ur. gradual 
rise and the gradual transfer of its wasted materials to the 
tertiary basins of London and Hampshire examined ; circum- 
stances favourable to it : elevation of the Weald ; waste of 
the deposits there ; analogy of the sediments of the two ter- 
tiary basins named; resemblance of these to the strata of the 
Weald ; principal objections to it ; want of correspondence of 
the succession of beds ; deficiency of any rolled masses derived 
from the Weald. 


General Viev> of the State and Pi >tpvKs of Geology, 

793 Distinction of Geology from Cosmogony ; influence of the 
Geological Society of London ; state of preparation for a 
geological theory ; examination of some loading problems. 

Lapse of time ; scale of geological chronology , how to be; 
formed ; rate of natural pmccsw* , augmentation of low 
lands; shifting of sands; erosion of river channels ; difficulties 
in the reasoning even for eompuiatively recent teire4nal phe 
nomen a ; mode of proceeding ie. the case of older muune pe 
nods exemplified. The evidenc e being, 

L The mechanical deposition of sands, clays, conglome- 
rates, ftc.; proof of their formation occupying time ; possibility 
of estimating the proportionate times; assumed unit of time ; 
calculated period of the coal deposits ; conglomerates prove 
that long time ^lapsed between the deposition of strata locally 
in contact. 

2. Chemical deposits of limestone ; difficult to reduce to 
periods ; method proposed of referring them to tyuasvul me- 
chanical deposits, 

3. Alternation of chemical and sedimentary deposits. 

4. Imbedded organic remains ; shells of nil ages in one only 
hod ; proof of lajise of time ; number of shells in a bed not 


l*agc ( , „„ 

admitted *,» proof; p©*rtimi ttf certain plants m sandstones 
opposed to Very great rapidity of deposition. 

5. SuCtfessionH of raci-s of organic beings in the same basin ; 

impressive nature of this evidence; proof of long, but at the 
same time unknown, periods ; inutility of attempting to deter 
hiine these at present. * . 

6. Successions of convulsion* in the same physical region. 

7. Alternation of marine and fresh-water products. 

8* Alternation of aqueous f nd igneous products, 

- 9. Metamorphism of rocks. 

Successive Condition* of the Globe* 

797 Limitation of the inquiry ; laws of existing ‘Nature must guide 
oar inquiries ; what n* possible to be **uqwn ; sensible con- 
stancy of the dim anions of the Globe in hutorical periods; 
what it proves and allows concerning internal heat and 
secular refrigeration. 

Volcanic action need not be referred exclusively to either of 
the theories formerly explained. 

Displacement of the Earth'* axis; why not to be admitted us 
a, geological cause. 

Ongm oj terrestrial organic life; the general analogy of old 
and modern systems of material beings ; spinal analogies of 
extinct organic forms to those of particular moderit-tfegionx. 

Alternate periods of com u f *ton and repose shown to have oc- 
curred local!) , with definable eueuiUhtanees of land and wa ; 
apphiMti'in of this principle to large portions of the Globe, by 
Ledum? awl othns 1 , contrary view ol Mi. Lyell, uniformity 
of natural agencies, and continual equulity of the sum of their 
effects m a given time, these opposing views reduced tpth^ir 
postulates, varying condition and unlimited duration ; which 
of these is true must be huitid as a result of investigation, not 
assumed as a basis of argument. 

Successive ('on- ft /ion of r he Material* of the Globe , 

793 0 riyiK nf the elementary substances no part of Geology, but 
then iber.gi s ol condition a proper subject ot research : Her- 
vei*tun hy jet hr ms ot a chaotic ocean; Leibnitz's nvtv of the 
effects ot x globe progress!* ely cooling ; Huttons hypothesis of 
continually renewed phenomena. 

t erbim sedimentary Mibttancv* traced through several con- 
ditions ; tidal sediments, diluvial accumulations, millstone 
gut ; dor iv at in not sedimentary frmni pytogenous rocks rh rough 
one or moie steps generally allowed. 

Origin (if limestone ; m modern times from chemical actum, 
from mechanical erUsion, from transported vxuvim, from vital 
phenomena: straiified limestones runvidiued with reference to 
Dr. Hutiou’s hypothesis of decaying and renewed continents, 
and the ulfmmte reference of all ea thv substances to rocks of 
fusion ; Mi. Lyeb’s view that ♦his derivation of sedimentary 
from pyrogcnouN rocks ut the surtace of the Earth is balanced 
by reconversion of the former if, to ihe latter towards the inttw 
rior, shown to he not fuUy In accordance with the hypothesis of 
uniformity and <vn:h.ua' . oiupensatmu of the effect* of inter 
nal ami external toricslriu* agmeiea. 
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